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The above engraving represents a view of the rings and moons of Saturn, as they would 
appear to a spectator from the surface of Saturn, at a point about 15 or 20 degrees north of 
its equator. The shadow'of the body of the planet appears about the middle of the rings at 
midnight, At sunset this shadow will appear on the eastern side of the rings, and will ap- 
pear ta move gradually onward from east to west until sunrise, when it will disappear from 
the western side of the rings, See pages 86, 87. 
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PREFACE, 


* 

Tue following pages were writtém under the impression, that the visible manifesta- 
tions of the attributes of the Deity are too frequently overlooked by Christians in 
their views of the great objects of Religion, and in the worship they offer to the 
Father of their spirits; and are intended to show, that the teachers of Religion, in 
imparting instruction either to the old or to the young, ought to embrace a wider 
range of illustration, in reference to divine subjects, than that to which they are 
usually confined. 


Throughout the whole of the discussions contained in this work, the Author has 
pursued his own trdin of thought; and in so doing, he trusts that he has been enabled 
to render some of his illustrations more interesting to the young and untutored mind, 
tnan if he had adhered rigidly to the sentiments of others, and to the technical lan- 
guage of science. The sketches of the different sciences are not mere extracts or 
compilations, but are, for the most part, original composition—in which it has been 
his main object to embody as many facts as his limits would permit—in order 
to excite the inquiring mind to further investigations into the different departments 
of physical science. 


It is precumed, that no Christian reader will for once imagine, that the views 
illustrated in this work are intended to be substituted in place of the peculiar revela- 
tions of the Bible. The object of the volume is to illustrate the harmony which 
subsists between the system of Nature and the system of Revelation; and to show, 
that the manifestations of God in the material universe ought to be blended with our 
views of the facts and doctrines recorded in the volume of Inspiration. 

It is taken for granted, throughout the whole range of the following illustrations, 
that the Scriptures contain a Revelation from Heaven; and under a firm belief of this 
important truth, the Author has embellished his work with frequent quotations from 
the energetic and sublime language of this Sacred book. It would, therefore, be 
unfair in any critic, who entertains doubts on this point, to find fault with such quo- 
tations, or with the allusions to Bible-phraseology which occur, unless they can be 
shown to be introduced without judgment or discrimination. 


In consequence of the progress of the Arts and Sciences since the Last Edition 
of the following work was published—the Author has deemed it expedient to make 
a thorough revision of the whole, so as to embrace the latest improvements and dis- 
coveries in the different departments to which its diversified subjects refer. He has 
accordingly carefully revised every portion of the volume, and made very considerable 
additions to its several departments. The article Gzonoay has been almost entirely 
re-written, and enlarged to more than double its former extent. The article 
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Guoararny has been enlarged by axlieaigon of several pages. The articles 
Astronomy, Nardrat Puartosopay, Curmistry, Puystotocy, History, Prinrine, 
— Compass, Texuscorz, Atr Battoons, Sream ‘Naviearion, ete., have like- 
“wise been considerably enlarged. To the former subjects are now added comprehen- 
‘sive sketches of the following recently-discovered departments of Science and Art— 
The DaguserrzotyPr, Execrrorypr, Execrro-Maenerism, Hixctric TxLecRapss, 
Ratrroaps, etc., beside a variety of paragraphs inserted in numerous places through- 
out the body of the work. Between twenty and thirty additional engravings have 
been inserted, and to the whole is now added a copious Inprx. These additions 
amount to more than thirty pages. 


This work, in its original form, has had an extensive sale, not only in Great Britain, 
but also in the United States of America. It is therefore hoped that the improve- 
ments and additions which have now been made will render it still more acceptable to 
the public. — 


Broveuty Ferry, Near DunpDEE. 


hut 


* ay , 
+ ca - 
. ; * 
= CONTENTS. | 
INTRODUCTIONA® : 


Necessity of revelation. Folly of discarding the science of nature from religion. Beneficial 
effects which flow from the study of the works of God......cscsceeccectacsereecpececes 11 


CHAPTER I. 


OF THE NATURAL ATTRIBUTES OF THE DEITY. 


SoC rO2N 1 


ON THE RELATION OF THE NATURAL ATTRIBUTES OF THE DEITY TO RELIGION. 


The Christian Religion founded on the natural attributes of God. His power as interesting a 
subject as his mercy, illustrated in two instances. Evils which arise from imperfect 
conceptions of Divine power. Defects in religious instructions on this subject. Sources of 
illustration... ...+.+++seeeees Seen: an 00n 00 ASR aRorn Apabsmoohoac sa5dee5 Aicetoreraels 14 


SECTION If. 


ILLUSTRATIONS OF THE OMNIPOTENCE OF THE DEITY. 


The material world exhibits a more striking display of this perfection than the supernatural 
facts recorded in Scripture. Immense quantity of matter in the universe. Mode of acquiring 
the most comprehensive conception of the bulk of the earth—its variety of scenery—its mass 
of solid matter. Magnitude of the bodies which compose the solar system. Magnitude and 
number'of the stars. Procedure of the mind in acquiring the most impressive conceptions 
of such august objects. Reflections. Rapid motions of the celestial bodies. How we acquire the 
ideas of relative velocities. Weight of the earth. Immense physical forces. Grandeur of 
the motion of Saturn. Immense number of bodies impelled through the heavens. Reflec- 
tions. Immense spaces which surround the heavenly bodies. Reflections. Popular illustration 
of the motions of the earth and heavens. Extract from Dr. Ridgeley, with remarks. 
Universe intended to adumbrate the attributes of God, and to make a sublime impression 
on created beings. Similar trains of thought suggested in the Scriptures. Moral effects of 
such contemplations. Humility—folly of pride—low rank of man in the scale of being. 
Reverence and veneration. Reason why mankind feel so little veneration of God—how it may 
be increased. The Deity unsearchable. Hope and confidence in the prospect of futurity— 
resurrection, Scenes of eternity.......csecescccreeees Fobeoeee SBS ANAS BEC UOH Oe Ata Bae 


SECTION IIT. - 


ON THE WISDOM AND INTELLIGENCE OF THE DEITY. 


Wisdom defined—displayed in the structure of the solar system. Distance of the sun.  Rota- 
tion of the planets—principal reason why such a motion exists. Wisdom displayed in other 
systems. Minute displays of this attribute cannot be traced in the heavens. Wisdom 
as displayed in the constitution of our globe—adjustment of its solid parts to the necessities 
of the beings which inhabit it. Mowntains—their uses exist in other worlds. Diversity of 
color—argument for a plurality of worlds—general color which prevails in the scene of nature. 
Water—its use in the system of nattre—its composition—evaporation—motion of the liquid 
element—its beneficial effects. The atmosphere—its weight and pressure—its component parts 
—its various properties—necessary to animal life, flame, sound, twilight—wisdom displayed in 
its constitution. Expansion of water in the act of freezing........ clos» clipe hesewsh soactogin atin orc 27 


VARIETY OF NATURE. 


Vegetables—their number and variety. Animals—variety in ‘their organization. Eyes of 


insects—their exquisite mechanism. Subterraneous regions. Atmosphere. The variety of 
(vii) 


- # 


} i ees 


viii CONTENTS.: 


nature affords a faint idea of the infinity of Creator—illustrated in the number of animal 
parts and functions. Reflection. Variety o the foundation of our judgments. Beauty and 
sublimity of nature. Primeval state of our globe. Other worlds.....+-+s++eseersseeeeere 


4 
MECHANISM OF ANIMATED BEINGS. _ STRUCTURE OF THE HUMAN EYE. 


Its coats, humors, muscles, orbit, and motions. ee displayed in its construction. Light— 
its velocity, minuteness, colors, and adaptation to the eye. Manner in which vision is 
performed—explained by a figuxe, and an experiment—illustrated by the view from Salisbury 
Crags. Multitude of rays which flow from every object—smallness of the image on the 
retina, illustrated by calculation—what proportion of the solar light falls on our globe. 
Reflections. ae for viewing near and distant objects—contraction and dilatation of 
the pupil—distance at which we see distinctly. Summary view of adaptations in the structure 
of theeye. Eyes of superior intelligences. Visual organs of the inferior animals. Mechan- 
ism of the bones illustrated—exemplified in the joints of the fingers, the wrist, and the 
movements of which the head is susceptible. Illustration of the horizontal motion of the 
wrist, and the utility of the human hand, with figures. Moral reflections on the impropriety 
of overlooking the Divine wisdom in the system o: EEDRiale rnin viele’ eisie\sie ere s\e eicls'e cleies.e (sin 


SECTION IV. 


ON THE GOODNESS OR BENEVOLENCE OF THE DEITY. 


Benevolence of God in relation to Man. What would be the constitution of the world were its 
Creator a malevolent Being, Benevolence displayed to man, though a depraved intelligence. 
Mercy displayed in the system of nature. Benevolence as displayed toward the lower animals. 
Extract from Dr. Paley. General reflections..............+. weseeseeve rerelerers verelee erate 5 


- CHAPTRR«PM, 


A CURSORY VIEW OF SOME OF THE SCIENCES WHICH ARE RELATED TO RELIGION AND CHRISTIAN THEOLOGY. 


Introduction—extensive range of theology. Bad effects of setting Religion in opposition to 
Science. Harmony of the operations of God in nature and revelation......+++-++++-+se0e 


NATURAL HISTORY, 


Its extensive range. Outline of its principal objects—on the surface and in the interior recesses 
of the earth—in the atmosphere—the vegetable, mineral, and animal kingdoms—and in the 
region of the heavens. Description of the Banian tree. Reflections. Monkey bread tree. 
Splendor and felicity of insect life. Invisible worlds. Infinity of the universe. Religious 
tendency of this science—it affords a manifestation of the Deity, and expands our conceptions 
of his operations—ennobles the human mind—recommended by the sacred writers.......... 


’ 


GEOGRAPHY. 


4 

He affect. Figure of the earth—proofs of its spherical form. Relation which the discovery of 
the figure of the earth bears to the plan of Providence. How the diameter of the earth 
enables us to calculate the distances of the heavenly bodies—illustrated with figures. Mag- 
nitude and natural divisions of the earth—general features of its surface. Mountains—their 
general ranges, and the sublime scenes they exhibit. The Ocean—its extent, depth, bottom, 
and motions. Rivers—their number, ‘size, and the quantity of water they pour into the 


33 


37 


46 


Ag 


50 


ocean. How they are supplied—their use in the system.of nature. Artificial. division of the 


earth. Europe—description of its extent, commerce, population, &c. Asia—its extent, 
population, and productions. Africa—its divisions, extent, and characteristics. America—its 
dimensions, lakes, rivers, &c. United States—their extent, population, literature, &c. 
Australasia—the countries it comprehends. New South Wales, South Australia, &c. Van 
Dieman’s Land, New Zealand, New Guinea, New Britain, &c. Polynesian Islands. Tahiti— 
its characteristics, and the moral improvement of its inhabitants. Sandwich Islands—their 
improvement. Friendly Islands, Navigator’s, Marquesas, New Hebrides. Murder of 
Williams the Missionary. Number and variety of the earth’s inhabitants—number which 
has existed since the Creation—number at the Resurrection, and the space they would occupy— 
number which the earth would contain—strictures on Malthus. Utility of the study of 
geography to religion—to directors of Missionary Societies—to private Christians. Works on 


the subject of Christian Missions characterized and recommended—grandeur of its physical 
objects—utility of its moral facts.. 


ee ee as 


56 


CONTENTS. ; ix 
GEOLoey. ¥ : 

Its object and connection with religion—an interesting subject of inquiry. Materials which 
compose the crust of our globe. Tt ec heir constituent materials and general 
aspect. T'ransition rocks—their formation, &c. Secondary rocks, coal formations, &c. Upper 
secondary rocks, and their organic remains. Tertiary rocks—their deposits and fossil shells. 
Diluvial deposits. Alluvial, and the deltas formed by. Volcanic rocks, trap, basalt, Fingal’s 
cave, Giant’s causeway, &c. General remarks on organic remains. Various geological 
phenomena. Periods of organic remains. Description of the Mammoth, Megatherium, &c., 
with a figure. Conclusions deduced from the facts of geology—their accordance with Sacred 
History. Genesis, i, 1, explained. High antiquity of the earth not inconsistent with Scripture. 
Discoveries of astronomy illustrative of geology. Progression cic Mtoriette of the Divine 
plans, both in the physical and moral world. Date of the present system of our globe. 
Genesis, i, 2, illustrated. Sublime objects which this science exhibits.. Es iasa- 2. a oabesontie te ake: Nae 

ASTRONOMY. 

Its sublime objects. Apparent motions of the sun—of the moon. Eclipses of the sun and 
moon. Apparent motion of the starry heavens, Position of the Pole-star and Ursa Major, 
described and represented. Stars and planets seen in the day-time, and with what powers of 
the telescope they may be distinguished. Apparent revolution of the celestial vault indicates 
Almighty power. Stars never shift their relative positions. Solar system. The Sun—his 
size and probable destination illustrated—his spots and atmosphere—different kinds of rays 
emitted from his body—his distance illustrated. Mercury—his size, rotation, quantity of 
light and heat, &c. Proportion of caloric on the different planets. Venus—her size, phases, 
mountains, transits, and general phenomena. Original observations on, and mode by which 
her diurnal rotation may be determined. Earth—proofs of its annual and diurnal motions. 
The Moon—description of her majestic mountain scenery, luminous spots, celestial appear- 
ances, illuminating power, superficial contents, &c. Mars—his distance, atmosphere, 
luminous zone, &c: New planets—Ceres, Pallas, Juno, and Vesta—their anomalies, 
singularities, and probable origin. Meteoric stones. oe ee a rotation, belts, and 
the appearances of his moons. Telescopic view of his belts and satellites. Saturn—his 
figure, belts, moons, and quantity of light. His Rimgs—their dimensions, motion, and 
phenomena—illustrated by a figure. Supposed division of his exterior ring. Splendor of the 
firmament, as viewed from this planet (see the Frontispiece). Herschel—his distance, size, and 
quantity of light. Comets—their tails, velocity, orbits, size and number. ~ Encke’s, Gambart’s, 
and Halley’s comets. Motion of the solar system in absolute space—its destination. 
Plurality of worlds intimated in Scripture. The fixed stars—their distance illustrated— 
arrangement—changes. Moral reflections.. Parallax and distance of 61 Cygni. Figure and 
description of Orion. Relation of Astronomy to Religion—moral effects which its objects 
have a tendency to produce—criminality of overlooking the works of God, &c....2....00+% 78 

NATURAL PHILOSOPHY. 

Its object and: different departments. Mechanics—subjects it embraces, and its importance to 

the improvement of mankind. Hydrostatics—its leading principles and uses, illustrated by 

figures. | Pneumatics—its principles, and the experiments by which they are illustrated. 

Acoustics—various facis in relation to sound. Optics—leading facts and principles of this 

science. Burning glasses, &c, The Daguerreotype—description of its nature, processes, ae 

effects. lectricity—its nature, phenomena, effects, and agency in the system of nature. 

Electrotype—its invention and practical applications. Galvanism—its singular effects on 

metals, &c., and on the animal system—applied to the blasting of rocks—various facts which. 

it explains. Magnetism—its various phenomena and effects. lectro-Magnetism—its phe- 
nomena and effects. Relation of Natural Philosophy to Religion—its inventions meliorate 
he condition of mankind—illustrated in the case of the electric fluid—it undermines the 

fluence of superstition—unfolds the incessant agency of God—indifference to this subject 

MAHSOASOMA DCI s/s) siaseis e's 016 gies clslels leo! d.slaie'o.cis gies ajeleleie oairee'se elses esinesia\¢.s st. v0.nlaletelm Bene Se 

CHEMISTRY. 

Its objects, and present dignified station. General forms of matter—simple and compound 
substances. Caloric—its sources and properties. Oxygen—its properties and combinations. 
Nitrous Oxide—its singular effects. » Nitrogen—its effects on flame andanimal life. Hydrogen 
—its properties and uses. Carbon—its nature, combinations, and antiseptic properties. 
Chlorine—its properties. Iodine—its discovery. Sulphur—its origin, combinations, and 
properties. Phosphorus—history of its discovery—how prepared—curious experiments with 
this substance—phosphoric phenomena in the system of nature—connection of this science 
with religion—it displays the wisdom and benevolence of God, and the mode of his present 
and future operations—improves the condition of man, and carries forward our views to a 
more glorious and auspicious cra......seesscccceeccenresssrecsscessrensesssesecsceres LOZ 


ak 
CONTENTS. 


. ANATOMY AND PHYSIOLOGY. 

Their general object. Human body—its different parts and divisions. _Bones—their number, 
form, and positions. Muscles—their nature, use, and extraordinary strength. Heart and 
blood-vessels, and the circulation of the blood. Respiration—curious structure of the lungs. 
Digestion. Perspiration. Sensation, and the system of nerves. Summary. Moral reflections 
—ihis branch of study teaches us our dependence on a Superior Power, and excites to 
Srathiade.s. .ihiwneaie marae oalaiae oWarevsedy sag oWiGlW i May eTeia chs) s widlolerortlel liaise RaNNNAe eels nee 

\ HISTORY, ANCIENT AND MODERN. 


Its objects, advantages, and connection with religion. Connection of the sciences and of the 
Divine dispensations with each other. Concluding remarks,..........-++- ais ocathlaltaiote eos 112 


‘a CHAPTER Ifl. 


THE RELATION WHICH THE INVENTIONS OF ART BEAR TO THE OBJECTS OF RELIGION. 
Art of Printing—its origin, and beneficia of oe ae and steam printing...... epectr earl 114 
Art of Nawigation—mariner’s compass—its discovery and use...........-- a ateperetatatire caters eeeee 115 
The Telescopc—its invention, and the discoveries made by it—serves instead of a celestial 
vehicle. Magnifying powers of Sir W. Herschel’s telescopes. Earl of Rosse’s speculum... . 117 
The Microscope, and views it exhibits of the wisdom of God........s.sessersrereseceeee zoned 18 
Steam Navigation—its utility in promoting the intercourse of mankind—voyages across the 
Atlantic—its relation to the objects of religion..........+- sees cece cence rete ee erences Pest Gl 
Air Balloons—utility of—when arriyed at perfection—proposed improvement in. History of 
their invention. Lunardi’s ascent. The Parachute. Late improvements in, &c....... 2 eget! 8 Oy 
Acoustic Tunnels. Experiments on the conveyance of sound. M. Biot’s remarkable experi- 
ments—Don Gautier’s experiment and’suggestion. Conclusions in reference to the extensive 


108 


conveyance of sound....¥........- esses MAM ticle sds sslnini~ fay airiaitias binsorel's aie Si (intanals Sataxeees 122 
Electric Telegraphs—their nature and applications... . +... 2... eeee sence cece eeerees Sect oo 
Railways—their history, number, utility, and arrangements..........++++ apnciepncrasraneml en 
Practical remarks—utility of the arts in relation to the Millennial era....... PSD IRE INO aoe OU 


| 


OH AP TER. LV. 


SCRIPTURAL FACTS ILLUSTRATED FROM THE SYSTEM OF NATURE. 
I. Science may frequently serve as a guide to the true interpretation of Scripture. Canon or 
rule for Scripture interpretation—illustrated........c+eceeececececrcececseeeeee iia aa OO 
II. The Depravity of Man, illustrated, from a consideration of the state of the interior strata of 
the earth. Volcanoes,.and the terrible ravages they produce. Earthquakes, and their 


dreadful effects. Ah -storms, tempests, and hurricanes. General reflections on this 
subject... sure sesiers SAS: ASRS 0, wo Glace bev ahaa e, Sates aN» CRANE PG, San ARAN See eee 129 

III. The Resurrection illustrated. ‘Transformations of insects. Indestructibility of matter— 
Conch silos OM Abo nicks che ataueuaioer oinsee it ee ae ace: stall ofiais eieieeeeaieas ee ee cbt: Sesh oo 

IV General Confilagration. Concluding reflections. Topics omitted in this volume......... sel OS: 


CHAPTER V. 


BENEFICIAL EFFECTS WHICH WOULD RESULT FROM CONNECTING SCIENCE WITH RELIGION. 


I. The variety of topics would allure the attention of intelligent minds to religious subjects. 
Principle of novelty intended by the Creator to be gratified—illustrated in the variety which 
appears in the earth, the heavens, and the Volume of Revelation...........++ Shia idaa Sean . 136 

II. Science enables us to take an extensive survey of the empire of God—illustrates many sublime 
passages of the Bible—qualifies us for complying with several Divine injunctions—danger of 
selfishness and indifference in this respect. Our conceptions of, God depend on our views of 

F  Sraagan OP His*AOMINIONS AT. Wee eas Clee: «eee ee ee ee Sore Feo GOR WOR ee oe 2436 

III. Seience enlarges our views of the operations of Providence, in relation to the past and 
present scenes of the world. The economy of the inferior animals. The physical and moral 
economy of the celestial worlds..... Siy)s)s' dais) ssaisialitlata cone situs (olelaialars Shas ©) ng Sie tial od Sak Seneca sabi 141 

Iv. Si ience, blended with religion, would produce a general expansion of mind, and liberality 
of ews in reference to the opinions and actions of men, and to the works and the ways of 
G metrated at largo 650... ws eas be arecucrciper aac Baey aieiwistavalelasetimen gtete ean es eee 144 

V. It would induce a spirit of piety, and profound humility. Sources of piety, illustrated by 
example. Humility—illustrated by the examples of Mr. Boyle, of Sir Isaac Newton, and of 
superior intelligences. General conclusions.......... Rec ae disasitsipkacaay eoriaiacecdinrdias Gamceekac uae 


APPENDIX. 


Nor I. Illustration of the rate of motion in the heavenly bodies, on the supposition that the 
earth is at rest, 148.—Nors II, Experimental illustrations of the pressure and compressibility of 
the atmosphere, the diving-bell, &c., 149.—Nore III. On the ideas of magnitude, motion, and 
duration, as expressed by numbers, 150.—Nore IV. On the means by which it may probably be ascer- 
tained whether the moon be a habitable world, 150.—Nore V. Remarks on the late pretended 
discovery of a lunar fortification, 151.—Norm VI. On a plurality of worlds, 151—Nore VII. The 
Daguerreotype, 152.—Norr VIII. Electro-Magnetic Machines, 152.—Nore IX. On the first inven- 
tor of Printing, 153.\—Norm X, On Telescopes, with a brief notice of a New Reflecting Telescope, 
constructed by the author, 153.—Norr XI. On Steam. Navigation, &c., 154.—Nore XII. Strictures 
on.a certain sentiment respecting the work of human redemption, 156.—Nore XIII. Extract from 


Dr. Dwight’s Theology, 157.—Nore XIV. List of popular works on the different sciences treated of 
in this volume, with occasional remarks, 157. 


ty 


wr 


p ‘ Pm 


THE | - 


‘ 


CHRISTIAN P 


HILOSOPHER. 





: ye 
INTRODUCTION. 


On the subject of Reticioy, mankind have, in 
all ages, been prone to run into extremes. While 
some have been disposed to attach too much im- 
portance to the mere exertions of the human 
intellect, and to imagine that man, by the light of 
unassisted reason, is able to explore the path of 
true wisdom and happiness,—the greater part of 
religionists, on the other hand, have been disposed 
to treat scientific knowledge, in its relation to 
religion, with a degree of indifference bordering 
upon contempt. Both these dispositions are 
equally foolish and preposterous... For he who 
exalts human reason, as the only sure guide to 
wisdom and felicity, forgets that man, in his pre- 
sent state, is a depraved intelligence, and conse- 
quently liable to err; and that all those who have 
been left solely to its dictates, have uniformly 
failed in attaining these desirable objects. During 
a period of more than 5800 years, the greater part 
of the human race have been left solely to the 
guidance of their rational powers, in order to 
grope their way to the Temple of Knowledge, 
and the Portals of Immortality; but what has 
been the result of all their anxious researches? 
Instead of acquiring correct notions of the Great 
Author of their existence, and of the nature of 
that homage which is due to his perfections, 
“they have become vain in their imaginations, 
and their foolish hearts have been darkened. 
Professing themselves to be wise, they have be- 
come fools; and have changed the glory of the 
Incorruptible God into an image made like to 
corruptible man, and to four-footed beasts, and 
creeping things.” Instead of acquiring correct 
views of the principles of moral action, and con- 
ducting themselves according to the eternal rules 
of rectitude, they have displayed the operation of 
the most diabolical passions, indulged in continual 
warfare, and desolated the earth with rapine and 
horrid carnage; so that the history of the world 
presents to our view little more than a: series of 
revolting details of the depravity of our species, 
and of the wrongs which one tribe of human be- 
ings has willfully inflicted upon another. 

This has been the case, not only among a few 
uncultivated hordes on the coast of Africa, in the 
plains of Tartary, and the wilds of America, but 


even among those nations which stood highest in, 


the ranks of ciyilization-and of science.—The an- 
cient Greeks and Romans, who boasted of their 
attainments in philosophy, and their progress in 
the arts, entertained the most foolish, contradic- 
tory, and unworthy notions of the Object of Di- 
vine worship, of the requirements of religion, and 
of the eternal destiny of man. They adored a 
host of divinities characterized by impiety, fraud, 
injustice, falsehood, lewdness, treachery, revenge, 
murder, and every other vice which can debase the 
human mind, instead of offering.a tribute of ra- 
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tional homage to that Supreme Intelligence who 
made, andthe governs the universe. Even their 
priests and philosophers indulged in the most de- 
grading and abominable practices, and entertained 
the most irrational notions in regard to the origin 
of the universe, and the moral government of the 
world. Most of them denied a future state of 


retribution, and all of them had their doubts re- 


| specting the reality of an immortal existence; and 


as to the doctrine of a resurrection from the dead, 
hey never dreamed of such an event, and scouted 
the idea, when proposed to them, as the climax of 
absurdity. The glory to which their princes and 
generals aspired, was, to spread death and destruc- 
tion among their fellow-men—to carry fire and 
sword, terror and dismay, and all the engines of 
destruction, through surrounding nations—to fill 
their fields with heaps of slain—to plunder the 
survivors of every earthly comfort, and to drag 
captive kings at the ariot-wheels—that they 
might enjoy the splendor and the honors of a tri- 
umph. What has been now stated with regard to 
the most enlightened nations of antiquity, will 
equally apply to the present inhabitants of China, 
of Hindostan, of the Japanese Islands, of the Bir- 
man empire, and of every other civilized nation 
on which the light of Revelation has never shone 
—with this additional consideration, that they 
have enjoyed an additional ‘period of 1800 years 
for making further investigations; and are, at this 
moment, as far from the object of their pursuit as 
when they first commenced their researches, and 
not only so, but some of these nations, in modern 
times, have mingled with their abominable super- 
stitions and idolatries many absurdities and horrid 
cruelties, which were altogether unknown among 
the Greek and Roman population. ~ 
Such are the melancholy results: to which men 
have been led, when left to the guidance nas- 
sisted reason, in the most interesting an or- 
tant of all investigations. They have wandered 
in the mazes of error and delusion; and their re- 
searches, instead of directing and expanding our 
religious views, have tended only to bewilder the 
human mind, and to throw a deeper shade of in- 
tellectual gloom over our apostate world. After 
a period of six thousand years has been spent in 
anxious inquiries after the path to true knowledge 
and happiness—Ignorance, Superstition, Idolatry, 
Vice, and Misery, still continue to sway the scep- 
ter over the great majority of the human race; 
and if we be allowed to reason from the past to 
the future, we may rest assured that, while man- 
kind are destitute of a Guide superior to the 
glimmerings of depraved reason, they would be no 
nearer the object of their pursuit, after the lapse 
of sizty thousand years, than at the present mo- 
ment. It is only in connection with the discove- 
ries of Revelation that we can expect that the 
(11) 
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efforts of human reason and activity will be suc- 
cessful in abolishing the reign of Ignorance and 
degrading Superstition—in illuminating the be- 
nighted tribes of the Pagan world—and in caus- 
ing “Righteousness, and Order, and Peace, to 
spring forth before all the nations.” Though the 
Christian Religion has never yet been fully under- 
stood and recognized, in all, its aspects and bear 
ings, nor its requirements been cordially complied 
with, by the great body of those who profess to 
believe in its divine origin, yet it is only in those 
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contemplation. In their view, to be a bad philo- 
sopher is the surest way to become a good Chris- 
tian, and to expand the views of the human mind 
is to endanger Christianity, and to render the de- 
sign of religion abortive. They seem to consider 
it as a most noble triumph 1o the Christian cause, 
to degrade the material world, and to trample un- 
ot only the earth, but the visible hea- 
vens, as an old, shattered, and corrupted fabric, 
whicl. no longer demands our study or admiration. 
Their expressions, in a variety of instances, would 


nations who haye acknowledged its authority, and | lead ns almost to conclude, that they considered 
in some measure submitted to its dictates, that | the economy cf Nature asset in opposition to the 
anything: approximating to just conte of | economy of Radevaption, and that it is not the sarne 
jesse Intelligence, and of its moral goy- | God contrived the system of Nature who is 


ad t 
- ernment, is found to prevail. also 8 * Author af sternal salvation to all them 
’ that obey him.” 


». But, on the other hand, though the light of na- 
+ ture is of itself a feeble and inset pie to 


direct us in our views of the Supr Intelli- 
gence, and of our eternal destination, yet it is 
a most dangerous and delusive error to imagine, 
that reason, and the study of the material world, 
ought to be disearded from the science of reli- 





gion. The man who would discard the efforts of 
the human intellect, and the science of Natur 
from Religion, forgets—that He who is the Au 
thor of human redemption is also the Creator a: 

Governor of the whole system of the materi 
universe—that it is one end of that moral renova- 
tion which the Gospel effects, to. qualify us for 
contemplating aright, the displays of Divine Per- 
fection which the works of creation exhibit—that 
the visible works of God are the principal medium 
by which.he displays the attributes of his nature | 
to intelligent beings—that the study and contem- 


plation of these works employ the faculties of in- 
telligences of a superio: r*—that man, had 
he remained in primeval innocence, would have 


been chiefly employed in such contemplations— 
that it is one main design of Divine Revelation to | 
illustrate the operations of Providence, and the 
agency of God, in the formation and preservation 
of all things—and that the Scriptures are full of 
sublime descriptions of the visible creation, and | 
of interesting references to the various objects 
which adorn the scenery of Nature, Without 
the cultivation of our reasoning powers, and an 
investigation of the laws and economy of Nature, 
we could not appreciate many of the excellent 
characters, the interesting aspects, and the sublime 
ref ces of Revealed religion; we should lose 
the fall evidence of those arguments by which 
the existence of God, and his attributes of Wis- 
7m and Omnipotence, are most powerfully de- 
rated; we should remain destitute of these 
conceptions of thesperfections and agency 

h, which the grandeur and immensity 
of his works are calculated to inspire; we should 
never perceive, in its full force, the evidence of 
those proofs on which’the Divine authority of 
Revelation is founded: we could not give a ra- 
tional interpretation of the spirit and meaning of 
many parts of the Sacred Oracles; nor could we 
comply with those positive commands of God, 
which enjoin us to contemplate the wonders of 
his power, “to meditate on all his works, and to 
talk of all his doings,”’ 

Notwithstanding these and many other couside- 
rations, which show the folly, of overlooking the 
visible manifestations of Deity in the exercises of 
Religion, it has long been the practice of certain 
theologians to depreciate the wonderful works of 
Jehovah, and to. attempt to throw them into the 


















shade, as if they were unworthy of our serious 





*Rey, iv. U1; xvi 3, ete. 


It is, unquestionaly . bath foolish and impious 
to overlook or to undervalue any of the modes by 
which the Divine Being has beeu pleased to make 
known his nature and pesfectiouy to mankind. 
Since ho as given a display o1 his “ Kternai 
power and Godhead” in the grand theater ef na- 
ture, which forms the subject of sctuntific inver- 
ti ation, it was surely never intended, anc weuls 
comport with reverence for its adorable Aa 
10r, that such magnificent displays of his Pewa. 
Wisdom, and Beneficence, as the material unt 
verse exhibits, should be treated, by his intelliger 
offspring, with indifference or neglect. It be 
comes us to contemplate, with adoring gratitude 
every ray of our Creator’s glory, whether as ema 
nating from the light of Revelation, or as reflect: 
ed from the scenery of nature around us, or a 
descending from those regions where stars un 
numbered shine, and planets and comets run theii 
solemn rounds. Instead of contrasting the ont 
department of knowledge with the other, with @ 
view of depreciating the seience of nature, om 
duty is, to derive from both as much information 
and instruction as they are calculated to afford, 
to mark the harmony of the revelations they re- 
spectively unfold; and to use the revelations of 
nature for the purpose of confirming, and ampli- 
fying, and carryin rward our views of the 
revelation contained in the Sacred Scriptures. 

With regard to the revelation derived from the 
Sacred Records, it has been imagined by some, 
that it has little or no reference to the operations 
of the material system, and that, therefore, the 
study of the visible works of God can be of little 
importance in promoting religious knowledge and 
holy affections. In the sequel of this volume, I 
shall endeavor to show, that this sentiment is ex- 
tremely fallacious, and destitute of a foundation. 
But, in the meantime, although it were taken for 
granted, it would form no argument against the 
combination of science with religion. For it 
ought to be carefully remarked, that Divine Reve- 
lation is chiefly intended to instruct us in the 
knowledge of those truths which interest us as 
subjects of the moral administration of the Gov- 
ernor of the world,—or, in other words, as apos- 
tate creatures, and as moral agents. Its grand 
object is to develop the openings and bearings of 
the plan of Divine Mercy; to counteract thoss 
evil propensities and passions which sin has intro- 
duced; to inculeate those holy principles, and 
moral laws which tend to unite mankind in har- 
mony and love; and to produce those amiable 
tempers and dispositions of mind which alone can 
fit us for enjoying happiness, either 4n this world 
or in the world tocome. For this reason, doubtless, 
it is, that the moral attributes of Deity are brought 
more prominently into view, in the Sacred Vol- 
ume, than his natural perfections; and that those 
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special arrangements of his Providence, which re- 

ard the moral renovation of our species, are par- 
ticularly detailed; while the immense extent of 
his universal kingdom, the existence of other 
worlds, and their moral economy, are but slightly 
hinted at, or vailed in obscurity. Of such a Reve- 
lation we stood in need; and had it chiefly em- 
braced subjects of a very different nature, it 
would have failed in supplying the remedies re- 
quisite for correcting the disorders which sin has 
introduced among mankind.—But surely it was 
never intended, even in a religious point of view, 
that the powers of the human mind, in their con- 
templations and researches, should be bounded by 
the range of subjects comprised in that revelation 
which is purely or chiefly of a moral nature; 
since the Almighty has exhibited so magnificent 
a. spectacle in the universe around us, and endow- 
ed us with faculties adequate to the, survey of a 
considerable portion of its structure, aud capable 
of deducing from it the most noble and sublime 
results. To walk in the midst of this “‘wide- 
extended theater,’? and to overlook, or to gaze 
with indifference on those striking marks of Di- 
vine Ominipotence and skill which everywhere 
appear, is to overlook the Creator himself, and 
contemn the most illustrious displays he has give 


of his eternal power and glory. ‘That man’s re- 


ligious devotions are much to be suspected, what- 
ever show of piety he may affect, who derives no 
assistance, in attempting to form some adequate 
conceptions of the object_of his worship, from the 
sublime discoveries of astronomical science; from 
those myriads of suns and systems which form 
but a small portion of the Creator’s immense em- 
pire!* The professing Christian, whose devo- 
tional exercises are not invigorated, and whose 
conceptions of Deity are not expanded, by a con- 
templation of the magnitude and variéty of his 
works, may be considered as equally a stranger to 


“the more elevated strains of piety, and to the no- 


ble emotions excited by a perception of the beau- 
tifal and the sublime. 

“The works of the Lond says an inspired 
writer, “are great, and are sought out. hy all 
those who have pleasure therein.” 
the stamp of Infinite Perfection, and serve as so 
many sensible mediums to exalt and expand our 
conceptions of Him whose invisible glories they 
represent and adumbrate. When contemplated 
in connection with the prospects opened by Divine 
Revelation, they tend to excite the most ardent 





* As some readers seem to have mistaken the Author’s 
meaning in this and similar passages, it may be proper to 
atate, that his meaning is not—that a knowledge of’ natural 
wience is essential_to genuine piety; but, that the person 
who has an opportunity of making himself acquainted with 
the science of nature, and of contemplating the wonders of 
the heavens in their true light, and who does not find his 
views of the Creator expanded, and his religious emotions 
elevated, by such studies, has reason to call in question the 
ature and the sincerity of his devotional feelings. 
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desires after that state of enlarged vision, where 
the plans and operaiian™ of Deity will be more 
clearly unfolded—and to prepare us for bearing a 
part in the immortal hymn ef the Church trium- 
phant:—“Great and marvelous are thy works, 
Lord God Almighty; just and true are thy ways, 
thou King of saints.”’ |The most illustrious char- 
acters that have adorned our race in all ages, have 
been struck with the beauty and magnificence of 
the visible creation, and have devoted a certain 
portion of their time and attention in investiga- 
|ting its admirable economy and arrangement; and 
there can bé no. question, that a portion of our 
thoughts devoted to the study of the wondrous 
works of the Most High, must ultimately be con- 
ducive to the improvement of our intellectual 


ments of the eternal world. 

In fine, since the researches of modern times 
have greatly enlarged our views of the System of 
Universal Nature,and of the vast extent to.which 
the operations of the Creator are carried on in the 
distant regions of space,—since the late discove- 

ies of Naturalists and Experimental Phileso- 
phers, with respect to the constitution of the 
mosphere, water, light, heat, the gases, the elec- 
tric, galvanic, and magnetic fluids, and the econo- 
my and instincts of animated beings, have opened 
to our view a bright display of Divine Wisdom, 
in the contrivance and arrangement of the differ-. 
ent parts of our terrestrial habitation,—since im- 
provements in the useful arts have kept pace with 
the progress, of science, and have been applied to 
many beneficial purposes, which have ultimately 
a bearing on the interests and the progress of re- 
ligion,—since a general desire to_ 
truths of Christianity in heathen lands now ani- 
mates the mass of the religious world,—since the 
uations of both ‘Continents are now aroused to 
burst asunder the shackles of despotism, and to 
inquire after rational liberty and mental improve- 
ment,—and since all these discoveries, inventions, 
and movements, and the energies of the human 
mind, from which they spring, are under the con- 
trol and direction of that Omnipotent Being who 






be considered as parts of those providential ar- 
rangements, in the progress of which He will 
ultimately accomplish the illumination of our be- 
nighted race, and make the cause of righteousness 
and.truth to triumph among all nations. And, 
therefore, the enlightened Christian ought thank- 


discovery, by which his conceptions of the 4 
butes of God, and of the grandeur of his works, 
may be directed and enlarged, in order that he 
may be qualified to “speak of the honor of his 
majesty, and talk of his power; to make known 
to the sons of men his mighty acts, and the glori- 
ous majesty of his kingdom.” 





powers, to our advancement in the Christian life, 


and to our preparation for the exalted employ-— 


pagate the 


made and who governs the world,—they ought to | 


fully'to appreciate every exhibition, and ey Ly 
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‘ SECTION I. 


N THE RELATION OF THE NATUR: TTRIBUTES 
OF DEITY TO RELIGION. Mg 


/ A rem conviction of the existence of God, and 
a competent knowledge of his natural perfections, 
lie at the foundation of all’ religion, both natural 
and revealed. In proportion as our views of the 


perfections of Deity are limited and obscure, in a 


similar proportion will be our conceptions of < 
the relations in which he stands to ‘his creatures 
of every part of his providential procedure, an 
of all the, doctrines and requirements of reveale 
religion. ‘ 2 

By the natural or essential attributes of God, 
we understand such perfections as the following: 
—His Eternity, Omnipresence, Infinite Know- 
ledge, Infinite Wisdom, Omnipotence, and Bound- 
less Beneficence. These are the characters and 
attributes of Deity, which, we must suppose, form 
the chief subjects of contemplation to angels, and 
to all other pure intelligences—and, in investigat- 
ing the displays of which, the sons of Adam would 
have been chiefly employed, hed they continued 
in primeval innocence. These attributes form 
the groundwork of all those gracious relations in 
which the God of salvation stands to his redeemed 
people in the economy of redemption—they lie 
at the foundation of the whole Christian super- 
structure—and were they not recognized as the 
corner stones of that sacred edifice, the whole 
system of the Scripture Revelation would remain 
a baseless fabric. The full display of these per- 
fections will be exhibited in the future world— 
the contemplation of this display will form one 
of the sublime employments “of the saints in 
light ’—and to, prepare us for engaging in such 
no xercises, is one of the chief designs ef the 
sal n proclaimed in the Gospel. 

’ hristian Revelation ought not, to be con- 
sidered as superseding the Religion of Nature, 
but as carrying it forward to perfection. It in- 
troduces the Deity to us under new relations cor- 
responding to the degraded state into which we 
have fallen. It is superadded to our natural re- 
lations to God, and takes it for granted that these 
natural relations must forever subsist. It is true, 
indeed, that the essential attributes of God, and 
the principles of Natural Religion, cannot be 
fully discovered without the light of Revelation, 
as appears from the past experience of mankind 
in every generation; but it is equally true, that, 
when discovered by the aid of this celestial light, 
they are of the utmost importance in the Chris- 
tian system, and are as essentially connected with 
it as the foundation of a building is with the su- 
perstructure. Many professed Christians, how- 
ever, seem to think and to act as if the Chris- 
tian Revelation had annulled the natural relations 


which se oy. between man and the Deity; and 
(14) 


hence the zealous outcry against every discussion 
from the pulpit, that has not a direct relation to 
what are termed the doctrines of grace. But no- 
thing surely can be more absurd than to carry 
out such a principle to all its legitimate conse- 
quences. Can God ever cease to be Omnipotent, 


ence on infinite power? Can the Divine Be- 














or can ‘i ever cease to be dependent for exist- 


ing ever eease to be Omnipresent and Omniscient, 
or can man ever cease to be the object of his 
1owledge and superintendence? Can Infinite 
‘isdom ever be detached from the Almighty, or 
man ever be ina situation where he will not 
“experience the effects of his wise arrangements? 
Can Goodness ever fail of being an attribute of 
Jehovah, or can any sentient or intelligent beings 
exist that do not experience the effects of his 
bounty? Can Divine Benevolence ever cease in its 
operations, throughout any period of future dura- 
tion, or can any intelligent beings exist, through- 
out any department of creation, who shall not, ina 
greater or iess degree, experience its effects? In 
short, can the relation of Creature and Creator 
ever cease, between the human race in whatever 
moral or Physical situation they may be placed, 
and that Almighty Being “who giveth to all life 
and breath and all things!” If none of these 
things can possibly happen, then the relations to 
which we refer must be eternal and unchangeable, 
and must form the bai of all the other relations 
in which we can possibly stand to the Divine Be- 
ing, either as apostate or as redeemed creatures; 
and, therefore they ought to be exhibited as sub- 
jects for our frequent and serious contemplation, 
as religious and moral agents. But, unless we 
make such topics a distinct subject of attention, 
and endeavor to acquire clear and comprehensive 
conceptions of our natural relations to God, we 
can never form a clear conception of those new 
and interesting relations into which we have been 
brought by the mediation of Jesus Christ. 

If man had continued in his primitive state of 
integrity, he would have been forever exercised 
in tracing the Power, the Beneficence, and other 
attributes of Deity, in the visible creation alone. 
Now that his fallen state has rendered additional 
revelations necessary, in order to secure ‘his hap- 
piness,—is he completely to throw aside those 
contemplations and exercises which constituted 
his chief employment while he remained a pure 
moral intelligence? Surely not. One great end 
of his moral renovation, by means of the Gospel, 
must be toenable him to resume his primitive exer- 
cises, and to qualify him for more enlarged views 
and contemplations of a similar nature, in that 
future world, where the physical and moral im- 
pediments which now obstruct his progress will be 
completely removed. 

It appears highly unreasonable, and indicates a 





selfish disposition of mind, to magnify one ciass 
of the Divine attributes at the expense of another; 
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example, the Mercy of God, and neg- 
ebrate his Power and Wisdom—those 
perfections, the display of which, at the 
formation of our globe, excited the rapture and 
admiration of angels, and of innocent man. All 
the attributes of God equal, because all of 
them are infinite; and therefore to talk of darling 
tiributes in the Divine Nature, as some have 
e, is inconsistent with reason, unwarranted by 
cripture, and tends to exhibit a distorted view of 
the Divine character. The Divine Mercy ought 
to be celebrated with rapture by every individual 
of our fallen race; but with no less rapture should 
we extol the Divine Omnipotence; for the designs 
of Mercy cannot be accomplished without the in- 
tervention of infinite Power. Even the attribute 
of Justice—which is frequently viewed with emo- 
tions of terror—is nothing else than a branch of 
the Divine Benevolence, for preventing the in- 
roads of anarchy and confusion and for securing 
the order and happiness of the intelligent creation. 
All that we hope for, in consequence of the pro- 
mises of God, and of the redemption accomplished 
by Jesus Christ, must be founded on the concep- 
tion we form of the operations of Omnipotence. 
An example or two may not be unnecessary for 
illustrating this position. hy 
We are warranted by the Sacred Oracles, to en- 
tertain the hope that these mortal bodies of ours, 
after they have moldered in the dust, been dis- | 
solved into their primary elementary parts, and | 
become the prey of devouring reptiles, during a | 
lapse of generations or centuries—shall spring 
forth from the tomb to new life and beauty, and | 
be arrayed in more glorious forms than they now 
wear; yea, that all the inhabitants of our globe, 
from Adam to the end of time, though the bodies | 
of thousands of them have been devoured. by 
cannibals, have become the food of fishes and of 
beasts of prey, and have been burned to cinders, 
and their ashes scattered by the winds, over the 
different regions of sea and land—shall be reani- 
mated by the voice of the Son of God, and shall 
appear, each in his own Tg ofall. and identi- 
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cal body, before God the Judge of all. Now, the 
firmness of our hope of so astonishing an event, 
which seems to contradict all experience, and ap- 
pears involved in such a mass of difficulties and 
apparent contradictions, must be in proportion to 
the sentiments we entertain of the Divine Intelli- 
gence, Wisdom, and Omnipotence. And where 
are we to find the most striking visible displays 
of these perfections, except in the actual opera- 
tions of the Creator, within the range of our view 
in the material world? 

Again, we are informed in the same Divine 
records, that, at some future period, the earth on 
which we now dwell shall be wrapt up in devour- 
ing flames, and its present form and constitution 
forever destroyed; that its redeemed inhabitants, 
after being released from the grave, shall be trans- 
ported to a more glorious region; and that “ new 
heavens and a new earth shall appear, wherein 
dwelleth righteousness.” The Divine mercy hay- 
ing given to the faithful the promise of these 
astonishing revolutions, and most magnificent 
events, our hopes of their being fully realized 
must rest on the infinite wisdom and omnipo- 
tence of Jehovah; and consequently, if our views 
of these perfections be limited and obscure, our 
hope, in relation to our future destiny, will be 
proportionably feeble and languid; and will scarce- 
ly perform its office “‘as an anchor to the soul, 





both sure and steadfast.”’ It is not merely by 
telling a person that God is all-wise and_all- 
powerful, that a full conviction of the accomplish- 
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ment of such grand events will be produced. 
must be made to see ¥. own eyes what 
Almighty has already done, and e is no 
doing, in a fiegesions it kik rsal nature which 
lie open 0 r inspecti Ves this cannot be 
effected without directing his contemplations to 
those displays of - intelligence, kt power which 
are exhibited im the structure, the economy, and 
the revolutions of the material world. 


If the propriety of these sentiments be admitted, 
it will follow, that the more we are accustomed 


to contemplate the wonders of Divine intelligence 


and power, in the cbjects with which we are sur- 
rounded, the more deeply shall we be impressed 
with a conviction and a confident hope, that all 


the purposes of Divine mercy will ultimately be 


eng | in our eternal. felicity. It will also 
follow, th ha proportion as the mind acquires a 
clear, an extensive, and a reverential view of the 
essential attributes of the Deity, and of those 
truths in connection with them which are objects 
of contemplation common to all holy beings, in a 
similar proportion will it be impressed, and its 
attention arrested, by every other Divine subject 
connected with them. And itis, doubtless, owing 

the want of such clear and impressive concep- 

ns of the essential character of Jehovah, and of 
the first truths of religion, that the bulk of man- 
kind are so little impressed and influenced by the 
leading doctrines and duties connected with the 
plan of the Gospel salvation, and that they enter- 
tain so many vague and untenable notions respect- 
ing the character and the objects of a superintend- 
ing Providence.. How often, for example, have 
we witnessed expressions of the foolish and limited 
notions which are frequently entertained respect- 
ing the operations of Omnipotence! When it has 
been asserted that the earth, with its load of con- 
tinents and oceans, is in rapid motion through 
the voids of space—that the sun is ten hundred 
thousand times larger than the terraqueous globe 
—and that millions of such globes are dispersed 
throughout the immensity of nature,—some who 
have viewed themselves as enlightened Christians, 
have exclaimed at the impossibility of such facts, 
as if they were beyond the limits of Divine Power, 
and as if such representations were intended to 
turn away the mind from God and religion; while, 
at the same time, they have yielded a firm assent 
to all the vulgar notions respecting omens, ap- 
paritions, and hobgoblins, and to the supposed 
extraordinary powers of the professors of divina- 
tion and witchcraft. How can such persons as- 
sent, with intelligence and rational conviction, to 
the dictates of Revelation respecting the energies 
of Omnipotence which will be exerted at “the 
consummation of all things,” and in those arrange- 
ments which are to succeed the dissolution of our 
sublunary system! A firm belief in the Almighty 
Power and unsearchable Wisdom of God, as dis- 
played in the constitution and movements of the 
material world, is of the utmost importance, to 
confirm our faith and enliven our hopes of such 
grand and interesting events. 

Notwithstanding the considerations now stated, 
which plainly evince the connection of the na- 
tural perfections of God with the objects of the 
Christian Revelation, it appears somewhat strange 
that, when certain religious instructors happen to 
come in contact with this topic, they seem as if 
they were beginning to tread upon forbidden 
ground; and as if it were unsuitable to their of- 
fice as Christian teachers, to bring forward the 
stupendous works of the Almighty to illustrate 
his nature and attributes. Instead of expatiating 
on the numerous sources of illustration of which 
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{ e subject admits, until ¢ 
thorou Stet My a view of the essential 
glory of Jehovah—they dispateh the subject with 
two or three’vague propositions, which, though 
logically true, make no arp easiog upon the heart; 
as if they belieyed that such contemplations were 
ited only to carnal men and meré philosophers; 
and as if they were afraid Jest the sanctity of thé 
pulpit should be polluted by particular descrip- 
tions of those operations of the Deity which are 
perceived through the medium of the corporeal 
senses. We do not mean to insinuate that the 
essential attributes of God, and the illustrations 
of them derived from the material world, should 
form the sole or the chief topics of discussion in 
the business of religious instruction; but, if the 
Scriptures frequently direct our —_—: to these 
~subjects—if they lie at the foundation of all ac- 
curate and extensive views of the Christian Reve- 
lation—if they be the chief subjects of contempla- 
tion to angels and all other pure intelligences, in 
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stupendous displays which have been | 
these perfections, in the works of his hi Is; a 
that their religion (if it may be so called) consists 
merely in a farrago of abstract opinions, or in an 
empty name. © ers ; 

If, then, it be admitted, that it is essentially 
requisite, as the foundation of religion, to have 
the mind deeply impressed with a clear and ce 
prehensive view of the natural perfections of the 
Deity, it will follow that the ministers of religion, 
and all others whose province it is to communi- 
cate religious instruction, ought frequently to 
dwell with particularity on those proofs and illus- 
trations which tend to convey the most definite 
and impressive conceptions of the gicry of that 
Being whom we profess to adore. But from what 
sources are such illustrations to be derived? Is 
it from abstract reasonings‘and metaphysical dis- 
tinctions and definitions, or from a survey of those 
objects and movements which lie open to the in- 
spection of every observer? There can be no 








every region of the universe—and if they have a 
tendency to expand the minds of professed Chris- 
tians, to correct their vague and errongous‘con- 
ceptions, and to promote their conformity to 
moral character of God—we cannot find out 
shadow of a reason why such topics should b 
almost, if not altogether overlooked, in the writ- 
ings and the discourses of those who profess to 
instruct mankind in the knowledge of God and 
the duties of his worship. 

We are informed by our Saviour himself, that 
“ this is life eternal, to know thee the living and 
true God,’ as well as “Jesus Christ whom he 
hath sent.’? The knowledge of God in the sense 
here intended, must include in it the knowledge 
of the natural and essential attributes of the 
Deity, or those properties of his nature by which 
he is distinguished from “all the idols of the na- 
‘tions.”” Such are, his Self-existence, his All-per- 
fect Knowledge, his Omnipresence, his Infinite 
Wisdom, his Boundless Goodness and Almighty 
Power—attributes which, as we have just now 
seen, lie at the foundation of all the other charac- 
ters and relations of Deity revealed in the Scrip- 
tures. The acquisition of just and comprehensive 
conceptions of those perfections must therefore 
lie at the foundation of all profound veneration 
of the Divine Being, and of all that is valuable in 
religion. Destitute of such conceptions, we can 


neither feel that habitual humility, and that reve- | 


rence of the majesty of Jehovah, which his egsen- 
tial glory is calculated to inspire, nor pay hiro 
that tribute of adoration and gratitude which is 
due to his name. Devoid of such views, we can- 
not exercise that cordial acquiescence in the plan 
of his redemption, in the arrangements of his 
providence, and in the requirements of his law, 
which the Scriptures enjoin. Yet, how often do 


difficulty in coming to a decision on this point. 
Wem affirm, with the schoolmen, that ‘* God 
is a Being whose center is everywhere, and his 


he | circumference nowhere;” that “he comprehends 
infinite duration in every moment;’’ and that 


“infinite space may be considered as the senso- 
rium of the Godhead;’’ but such fanciful illustra- 
tions, when strictly analyzed, will be found to 
consist merely of words without ideas. We 
might also affirm, with truth, that God is a Being 
of infinite perfection, glory, and blessedness—that 
he is without all bounds or limits, either actual or 
possible—that he is possessed of power sufficient 
to perform all things which do not imply a con- 
tradiction—that he is independent and self-suffi- 
cient—that his wisdom is unerring, and that he 
infinitely exceeds all other beings. But these, 
and ot expressions of a similar kind, are mere 
technioal terms, which convey no adequate, nox 
even tolerable notion of what they import. Be- 
ings, constituted like man, whose rational spirits 
are connected with an. organical structure, and 
who derive all their knowledge through the me- 
dium of coelicaialae can derive their clearest 
and most affecting notions of the Divinity chiefly 
through the same medium; namely, by contem- 
plating the effects of his perfections, as displayed 
through the ample range of the visible creation. 
} And to this source of illustration, the inspired 
writers uniformly direct our views—* Lift up 
| your eyes on high, and behold! who hath created 
these orbs? who bringeth forth their host by 
number, and calleth them all by their names? 
The everlasting God, the Lord, by the greatness 
of his might, for that he is strong in power,’— 
“He hath made the earth by his power; he hath 
established the world by his wisdom; he hath 
stretched out the heavens by his understanding.” 


we find persons who pretend to speculate about |—These writers do not perplex our minds by a 


the mysteries of the Gospel—displaying by their 
flippancy of speech respecting the eternal coun- 
sels of the Majesty of heaven—by their dogmati- 
cal assertions respecting the Divine character, and 
the dispensations of providence —and by their 
pertinacious opinions respecting the laws by 
which God must regulate his own actions—that 
they have neyer felt impressive emotions of the 
grandeur of that Being whose “operations are 
unsearchable, and his ways past finding out!” 
Though they do not call in question his immen- 
sity and power, his wisdom and goodness, as so 
many abstract properties of his nature, yet, the 
unbecoming familiarity with which they approach 
this August Being, and talk about him, shows that 
they have never associated in their minds the 


multitude of technical terms and subtile reason- 


|ings; but lead us directly to the source whence 


our most ample conceptions of Deity are to be - 
derived, that, from a steady and enlightened con- 
templation of the effects, we may learn the great- 
ness of the Cause; and their example in this 
respect ought, doubtless, to be a pattern for every 
religious instructor, 


SECTION Il. 


ILLUSTRATIONS OF THE OMNIPOTENCE OF THE DEITY. 


In order to elucidate more distinctly what has 





been now stated, I shall select a few illustrations 
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of coil the natural attributes of the Deity. 
And, in the first place, I shall offer a few consi- 
derations which have a tendency to direct and to 
amplify our conceptions of Divine Power. 

Omunipotence is that attribute of the Divine 
Being, by which he can accomplish everything 
that does not imply a contradiction—however far 
it may transcend the comprehension of finite 
minds. By his power the vast system of 
universal nature was called from nothing into 
existence, and is continually supported in all its 
movements, from age to age.—In elucidating this 
perfection of God, we might derive some striking 
illustrations from the records of his dispensations 
toward man, in the early ages of the world— 
When he overwhelmed the earth with a deluge, 
which covered the tops of the highest mountains, 
and swept the crowded population of the ancient 
world into a watery grave—when he demolished 
Sodom and Gomorrah, and the. cities. around 
them, with fire from heaven—when he slew all 
the first-born of Egypt, and turned their rivers 
into blood—when he divided the Red sea and the 
waters of Jordan, before the tribes of Israel— 
when he made the earth open its jaws and swal- 
low up Korah and all his company—and when 
he caused mount Sinai to smoke and tremble at 
his presence. But these and similar events, how- 
ever awful, astonishing, and worthy of remem- 
brance, were only transitory exertions*of Divine 
power, and are not calculated, and were never 
intended, to impress the mind in so powerful a 
manner as those displays of Omnipotence which 
are exhibited in the ordinary movements of the 
material universe. We have no hesitation in 
asserting, that, with regard to this attribute of the 
Divinity, there is a more grand and impressive 
display in the Works of Nature than in all the 
events recorded in the Sacred History. Nor 
ought this remark to be considered as throwing 
the least reflection on the fullness and sufficiency 
of the Scripture Revelation; for that revelation, 
as having a special reference to a moral economy, 
has for its object, to give a more particular dis- 
play of the moral than of the natural perfections 
of God. The miracles to which we have now 
referred, and every other supernatural fact re- 
corded in the Bible, were not intended so much to 
display the plenitude of the power of the Deity, as 
to bear testimony to the Divine mission of parti- 
cular messengers, and to confirm the truths they 
declared. It was not, for example, merely to dis- 
play the energies of Almighty power, that the 
waters of the Red sea were dried up before the 
thousands of Israel, but to give a solemn and 
striking attestation to all concerned, that the Most 
High God had taken this people under his pecu- 
liar protection—that he had appointed Moses as 
their leader and legislator—and that they were 
bound to receive and obey the statutes he deli- 
vered. The most appropriate and impressive 
illustrations of Omnipotence are thosgavhich are 
taken from the permanent operations of Deity, 
which are visible every moment in the universe 
around us; or, in other words, those which are 
derived from the facts which have been observed 
in the material world, respecting magnitude and 
motion. 

In the first place, the immense quantity of matter 
contained in the universe, presents a most striking 
display of Almighty power. 

In endeavoring to form a definite notion on 
this subject, the mind is bewildered in its concep- 
tions, and is at a loss where to begin or to end its 
excursions. In order to form something approxi- 
mating to a well-defined idea, we must pursue a 
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train of thought commencing with those magni- 
tudes which the mind can easily grasp, proceeding 
through all the higher gradations of magnitude, 
and fixing the attention on every portion of the 
chain, until we arrive at the object or magnitude 
of which we wish to form a conception. We 
must endeavor, in the first place, to form a con- 
ception of the bulk of the world in which we 
dwell, which, though only a point in comparison 
of the whole material universe, is in reality, a 
most astonishing magnitude, which the mind can- 
not grasp without a laboricus effort. We can 
form some definite idea of those protuberant 
masses we denominate hills, which rise above the 
surface of our plains; but were we transported to 
the mountainous scenery of Switzerland, to the 
stupendous range of the Andes in South America, 
orto the Himalayan mountains in India, where 
masses of earth and rocks, in every variety of 
shape, extend several hundreds of miles in differ- 
ent directions, and rear their projecting summits 
beyond the region of the clouds—we should find 
some difficulty in forming an adequate concep- 
tion of the objects of our contemplation. For 
(to use the words of one who had been a specta- 

r of such scenes), “ Amidst those trackless re- 

ms of intense silence and solitude, we cannot 
ontemplate, but with feelings of awe and admi- 
ration, the enormous masses of variegated matter 
which lie around, beneath, and above us. ‘The 
mind labors, as it were, to form a definite idea of 
those objects of oppressive grandeur, and feels 
unable to grasp the august objects which compose 
the surrounding scene.’? But what are all these 
mountainous masses, however variegated and sub- 
lime, when compared with the bulk of the whole 
earth? Were they hurled from their bases, and 
precipitated into the vast Pacific ocean, they 
would all disappear in a moment, except perhaps 
a few projecting tops, which, like a number of 
small islands, might be seen rising a few fathoms 
above the surface of the waters. 

The earth is a globe, whose diameter is 
nearly 8000 miles, and its circumference about 
25,000, and consequently, its surface contains 
nearly two hundred millions of square miles—a 
magnitude too great for the mind to take in 
at ene conception. In order to form a tolera- 
ble conception of the whole, we must endea- 
vor to take a leisurely survey of its different 
parts. Were we to take our station on the top 
of a mountain, of a moderate size, and survey 
the surrounding landscape, we should perceive an 
extent of view stretching 40 miles in every direc- 
tion, forming a circle 80 miles in diameter, and 
250 in circumference, and comprehending an area 
of 5000 square miles. In such a situation, the 
terrestrial scene around and beneath us—consist- 
ing of hills and plains, towns and villages, rivers 
and lakes—would form one of the largest objects 
which the eye, or even the imagination, can stea- 
dily grasp at one time. But such an object, 
grand and extensive as it is, forms no more than 
the forty thousandth part of the terraqueous 
globe; so that, before we can acquire an adequate 
conception of the magnitude of our own world, we 
must conceive 40,000 landscapes, of a similar ex- 
tent, to pass in review before us; and, were a 
scene, of the magnitude now stated, to pass before 
us every hour, until all the diversified scenery of 
the earth were brought under our view, and were 
twelve hours a-day allotted for the observation, it 
would require nine years and forty-eight days 
before the whole surface of the globe could be 
contemplated, even in this general and rapid man- 
ner. But, such a variety of successive landscapes 
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passing before the eye, even although it were 
possible to be realized, would convey only a very 
vague and imperfect conception of the scenery 
of our world; for objects at the distance of forty 
miles cannot be distinctly perceived; the only 
view which would be satisfactory would be that 
which is comprehended within the range of three 
or four miles from the spectator. ‘ 

Again, I have already stated, that the surface 
of the earth contains nearly 200,000,000 of square 
miles.—Now, were a person to set out on a mi- 
nute survey of the terraqueous globe, and to travel 
until he. passed along every square mile on its 
surface, and to continue his route without inter- 
mission, at the rate of 30 miles every day, it 
would require 18,264 years before he could finish 
his tour, and complete the survey of “this huge 
rotundity on which we tread: so that, had he 
commenced his excursion on the day on which 
Adam was created, and continued it to the present 
hour, he would not have accomplished one-third 
part of this vast tour. 

In estimating the size and extent of the earth, 
we ought also to take into consideration, the vast 
variety of objects with which it is diversified, and 
the numerous animated beings with which it is 
stored;—the great divisions of land and water, 
the continents, seas, and islands, into which it is 
distributed; the lofty ranges of mountains which 
rear their heads to the clouds; the unfathomable 
abysses of the ocean; its vast subterraneous 
caverns and burning mountains; and the lakes, 
rivers, and stately forests, with which it is so 
magnificently adorned;—the many millions of 
animals, of every size and form, from the elephant 
to the mite, which traverse its surface; the nume- 
rous tribes of fishes, from the enormous whale to 
the diminutive shrimp, which “play” in the 


mighty ocean; the aerial tribes which sport in the | 


regions above us, and the vast mass of the sur- 
rounding atmosphere, which encloses the earth 
and all its inhabitants, as “ with a swaddling band.” 
The immense variety of beings with ‘which our 
terrestrial habitation is furnished, conspires, with 
every other consideration, to exalt our concep- 
tions of that Power by which our globe, and all 
that it contains, were brought into existence. 
The preceding illustrations, however, exhibit 
the vast extent of the earth, considered only as a 
mere superficies. But we know that the earth is 
a solid globe, whose specific gravity is nearly five 
times denser than water, or about twice as dense 
as the mass of earth and rocks which compose its 
surface. ‘hough we cannot dig into its bowels 
beyond a mile in perpendicular depth, to explore 
its hidden wonders, yet we may easily conceive 
what a vast and indescribable mass of matter 
must be contained between the two opposite por- 
tions of its external circumference, reaching 8000 
miles in every direction. The solid contents of 
this ponderous ball is no less than 263,858,149,120 
cubical miles—a mass of material substance of 
which we can form but avery faint and imperfect 
conception: in proportion to which, all the lofty 
mountains which rise above its surface, are less 
than a few grains of sand, when compared with 
the largest artificial globe. Were the earth a hol- 
low sphere, surrounded merely with an external 
shell of earth and water ten miles thick, its inter- 
nal cavity would be sufficient to contain a quan- 
tity of materials one hundred and thirty-three times 
greater than the whole mass of continents, islands, 
and oceans, on its surface, and the foundations on 
which they are supported. We have the strongest 
reasons, however, to conclude, that. the earth, in 
its general structure, is one solid mass, from the 
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surface to the center, excepting, perhaps, a few 
caverns scattered here and there amidst its sub- 
terranean recesses; and that its density gradually 
increases from its surface to its central regions. 
‘What an enormous mass of materials, then, is 
comprehended within the limits of the globe on 
which we tread! The mind labors, as, it were, to 
comprehend the mighty idea, and, after all its ex- 
ertion, feels‘itself unable to take in such an aston- 
ishing magnitude at one comprehensive grasp- 
How great must be the power of that Being who 
commanded it to spring from nothing into exist- 
ence, who “measures the ocean in the hollow of 
his hand, who weigheth the mountains in scales, 
and hangeth the earth upon nothing!” 

It is essentially requisite, before proceeding to 
the survey of objects and magnitudes of a supe- 
rior order, that we should endeavor, by such a 
train of thought as the preceding, to form some 
tolerable and clear conception of the bulk of the 
globe we inhabit; for it is the only body we can 
use as a standard of comparison to guide the mind 
in its conceptions, when it roams abroad to other 
regions of material existence. And from what 
has been now stated, it appears, that we have no 
adequate conception of a magnitude of so vast an 
extent; or at least, that the mind cannot, in any 
one instant, form to itself a distinct and compre- 
hensive idea of it, in any measure corresponding 
to the reality. 

Hitherto, then, we have fixed only on a deter- 
minate magnitude—on a scale of a few inches, as 
it were, in order to assist us in our measurement 
and conception of magnitudes still more august 
and astonishing. When we contemplate by the 
light of science, those magnificent globes which 
float around us in the concave of the sky, the 
earth, with all its sublime scenery, stupendous as 
it is, dwindles into an inconsiderable ball. If we 
pass from our globe to some of the other bodies 
of the planetary system, we shall find that one 
of these stupendous orbs is more than 900 times 
the size of our world, and encircled with a ring 
200,000 miles in diameter, which would nearly 
reach from the earth to the moon, and would en- 
close within its vast circumference several hun- 
dreds of worlds as large as ours. Another of 
these planetary bodies, which appears to the vul- 
gar eye only as a brilliant speck on the vault of 
heaven, is found to be of such a size, that it would 
require 1400 globes of the bulk of the earth to 
form one equal to it in dimensions. The whole 
of the bodies which compose the solar system 
(without taking the sun and the comets into ac- 
count) contain a mass of matter 2500 times great- 
er than that of the earth. The sun itself is 520 
times larger than all the planetary globes taken 
together; and one million three hundred thousand 
times larger than the terraqueous globe. This is 
one of the most glorious and magnificent visible 
objects which either the eye or the imagination 
can contemplate; especially when we consider, 
what perpetual, and incomprehensible, and pow- 
erful influence it exerts—what warmth, and beau- 
ty, and activity it diffuses, not only on the globe 
we inhabit, but over the more extensive regions 
of surrounding worlds. Its energy extends to the 
utmost limits of the planetary system—to the 
planet Herschel which revolves at the distance of 
1800 millions of miles from its surface, and there 
it dispenses light, and color, and comfort, to all 
the beings connected with that far distant orb, and 
to all the moons which roll around it. 

Here the imagination begins to be overpowered 
and bewildered in its conceptions of magnitude, 
when it has advanced scarcely a single step in its 
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excursions through the material world. For it is 
highly probable, that all the matter contained 
within the limits of the solar system, incompre- 
hensible as its magnitudé appears, bears a smaller 
proportion to the whole mass of the material uni- 
verse, than a single grain of sand to all the parti- 
cles of matter contained in the body of the sun 
and his attending planets. 

If we extend our views from the solar system 
to the starry heavens, we have to penetrate, in our 
imagination, a space which the swiftest ball that 
was ever projected, though in perpetual motion, 
would not traverse in ten hundred thousand 
years. In those trackless regions of immensity, 
we behold an assemblage of resplendent globes, 
similar to the sun in size andin glory, and doubtless 
accompanied with a retinue of worlds, revolving 
like our own around their attractive influence. 
The immense distance at which the nearest stars 
are known to be placed proves that they are bodies 
of a prodigious size, not inferior to our own sun, 
and that they shine not by reflected rays, but by 
their own native light. But bodies encircled with 
such refulgent splendor would be of little use in 
the economy of Jehovah’s empire, unless sur- 
rounding worlds were cheered by their benign 
influence, and enlightened by their beams. Every 
star is, therefore, with good reason, concluded to 
be a sun, no less spacious than ours, surrounded 
by a host of planetary globes, which revolve 
around it as a center, and derive from it light and 
heat and comfort. Nearly a thousand of these 
luminaries may be seen in a clear winter night by 
the naked eye; so that a mass of matter equal to 
a thousand solar systems, or to thirteen hundred 
and twenty millions of globes of the size of the earth, 
may be perceived by every common observer in 
the canopy of heaven. But all the celestial orbs 
which are perceived by the unassisted sight do not 
form the eighty thousandth part of those which 
may be descried by the help of optical instru- 
ments. The telescope has enabled us to descry in 
certain spaces in the heavens, thousands of stars 
where the naked eye could scarcely discern twenty. 
The late celebrated astronomer, Dr. Herschel, has 
informed us, that in the most crowded parts of the 
Milky-way, when exploring that region with his 
best glasses, he has had fields of view which con- 
tained no less than 588 stars, and these were con- 
tinued for many minutes; so that “‘in one quarter 
of an hour’s time there passed no less than one 
hundred and sixteen thousand stars through the 
field of view of his telescope.” 

It has been computed, that nearly one hundred 
millions of stars might be perceived by the most 
perfect instruments, were all the regions of the 
sky thoroughly explored; and yet, all this vast as- 
semblage of suns and worlds, when compared 
with what lies beyond the utmost boundaries of 
human vision, in the immeasurable spaces of cre- 
ation, may be no more than as the smallest par- 
ticle of vapor to the immense ocean. Immeasu- 
rable regions of space lie beyond the utmost limits 
of mortal view, into which even imagination itself 
can scarcely penetrate, and which are, doubtless, 
replenished with the operations of Divine Wisdom 
and Omnipotence. For it cannot be supposed 
that a being so diminutive as man, whose stature 
scarcely exceeds six feet-—who vanishes from the 
sight at the distance of a league—whose whole 
habitation is invisible from the nearest star— 
whose powers of vision are so imperfect, and 
whose mental faculties are so limited—it cannot 
be supposed that man, who “ dwells in tabernacles 
of clay, who is crushed before the moth,” and 
chained down, by the force of gravitation, to the 
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surface of a small planet, should be able to desery 
the utmost boundaries of the empire of Him who 
fills immensity, and dwells in “light inapproach- 
able.” That portion of his dominions, however, 
which lies within the range of our view, presents 
such a scene of magnificence and graudeur, as 
must fill the mind of every reflecting person with 
astonishment and reverence, and constrain him to 
exclaim, “ Great is our Lord, and of great power, 
his understanding is infinite.’ “When I consider 
thy heavens, the work of thy fingers, the moon 
and the stars, which thou hast ordained; what is 
man, that thou art mindful of him?”? “I have 
heard of thee by the hearing of the ear;’? I have 
listened to subtile disquisitions on thy character 
and perfections, and have been but little affected; 
“but now mine eye seeth thee: wherefore I hum- 
ble myself, and repent in dust and ashes.’? 
Tn order to feel the full force of the impression 
made by such contemplations, the mind must 
pause at every step in its excursions through the 
boundless regions of material existence; for it is 
not by a mere attention to the figures and num- 
bers by which the magnitudes of the great bodies 
of the universe are expressed, that we arrive at 
the most distinct and ample conceptions of objects 
so grand and overwhelming. The mind, in its 
intellectual range, must dwell on every individual 
scene it contemplates, and on the various objects 
of which it is composed. It’ must add scene to 
scene, magnitude to magnitude, and compare 
smaller objects with greater—a range of moun- 
tains with the whole earth, the earth with the 
planet Jupiter; Jupiter with the sun, the sun with 
a thousand stars, a thousand stars with eighty mil- 
lions, and eighty millions with all the boundless 
extent which lies beyond the limits of mortal 
vision; and, at every step of this mental process, 
sufficient time must be allowed for the imagina- 
tion to expatiate on the objects before it, until the 
ideas approximate, as near as possible, to the re- 
ality. In order to form a comprehensive concep- 
tion of the extent of the terraqueous globe, the 
mind must dwell on an extensive landscape, and 
the objects with which it is adorned: it must en- 
deavor to survey the many thousands of diversi- 
fied landscapes which the earth exhibits—the hills 
and plains, the lakes and rivers and mountains, 
which stretch in endless variety over its surface: 
it must dive into the vast caverns of the ocean— 
penetrate into the subterraneous regions of the 
globe, and wing its way, amidst clouds and tem- 
pests, through the surrounding atmosphere. It 
must next extend its flight through the more ex- 
pansive regions of the solar system—realizing, in 
imagination, those magnificent scenes which can 
be descried neither by the naked eye nor by the 
telescope; and comparing the extent of our sub- 
lunary world with the more maguificent globes 
that roll around us. Leaving the sun and all his at- 
tendant planets behind, until they have diminished 
to the size of a small twinkling star, it must next 
wing its way to the starry regions, and pass from 
one system of worlds to another, from one Ne- 
bula* to another, from one region of Nebule to 
another, until it arrive at the utmost boundaries 
of creation which human genius has explored. It 
must also endeavor to extend its flight beyond all 
that is visible by the best telescopes, and expatiate 
at large in that boundless expanse into which no 
human eye has yet penetrated, and which is doubt- 
less replenished with other worlds, and systems, 
and firmaments, where the operations, of infinite 
power and beneficence are displayed, in endless 





* For an account of the Webula, see ch. ii, Art. Astronomy. 
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variety, throughout the illimitable regions of 
space. p 

‘Here, then, with reverence, let us pause and 
wonder! Over all this vast assemblage of mate- 
rial existence, God presides. Amidst the diversi- 
fied objects and intelligences it contains, he is 
eternally and essentially present. By his unerring 
wisdom, all its complicated movements are direct- 
ed. By his Almighty fiat, it emerged from nothing 
into existence, and is continually supported from 
age to age. ‘Hr sPaKr, AND IT was DONE; He 
COMMANDED, AND IT stoop Fast.’ ‘By the word 
of the Lord were the heavens made, and all the 
host of them by the spirit of his mouth.” What 
an astonishing display of Divine power is here 
exhibited to our view! How far transcending all 
finite comprehension must be the energies of Him 
who only “spake, and it was done;” who only 
gave the command, and this mighty system of the 
universe, with all its magnificence, started into 
being! The infinite ease with which this vast 
fabric was reared, leads us irresistibly to conclude 
that there are powers and energies in the Divine 
mind which have never yet been exerted, and 
which may unfold themselves to intelligent be- 
ings, in the production of still more astonishing 
and magnificent effects, during an endless succes- 
sion of existence. ‘That man who is not impress- 
ed with a-venerable and overwhelming sense of 

the power and majesty of Jehovah by such con- 
templations, must have a mind incapable of ardent 
religious emotions, and unqualified for appreciating 
the grandeur of that Being “‘ whose kingdom ruleth 
over all.” And shall such ennobling views be 
completely withheld from a Christian audience? 
Shall it be considered as a matter of mere indif- 
ference whether their views of the Creator’s 
works be limited to the sphere of a few miles 
around them, or extended to ten thousand worlds? 
—whether they shall be left to view the operations 
of the Almighty throughout eternity past and to 
come, as confined to a small globe, placed in the 
immensity of space, with a number of brilliant 
studs fixed in the arch of heaven, at a few miles’ 
distance, or, as extending through the boundless 
dimensions of space?—whether they shall be left 
to entertain no higher idea of the Divine Majesty 
than what may be due to one of, the superior or- 
ders of the seraphim or cherybim; or, whether 
they shall be directed to form the most august 
conceptions of the King eternal, immortal, and 
invisible, corresponding to the displays he has 
given of his glory in his visible works? If it be 
not, both reason and piety require that such illus- 
trations of the Divine perfections should occa- 
sionally be exhibited to their view. 

In the next place, the rapid, motions of the great 
bodies of the universe, no less than their magni- 
tudes, display the infinite power of the Creator. 

We can acquire accurate ideas of the relative 
velocities of moving bodies, only by comparing 
the motions with which we are familiar with one 
another, and with those which lie beyond the ge- 
neral range of our minute inspection. We can 
acquire a pretty accurate conception of the ve- 
locity of a ship impelled by the wind—of a steam- 
boat—of a race-horse--of a bird darting through 
the -air—of an arrow flying from a bow—and of 
the clouds when impelled by a stormy wind. The 
velocity of a ship is from 8 to 12 miles an hour,— 
of a race-horse, from 20 to 36 miles,—of a bird, 
say from 50 to 60 miles, and of the clouds, in a 
violent hurricane, from 80 to 100 miles an hour. 
The motion of a ball from a loaded cannon is in- 
comparably swifter than any of the motions now 
stated: but of the velocity of such a body we have 
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a less accurate idea; because, its rapidity being so 
great, we cannot trace it distinctly by the eye, 
through its whole range, from the mouth of the 
[cannon to the object against which it is impelled. 
By experiments, it has been found that its rate of 
motion is from 480 to 800 miles in an hour, but it 
is retarded every moment by the resistance of the 
air and the attraction of the earth. ‘This velocity, 
however, great as it is, bears no sensible propor- 
tion to the rate of motion which is found among 
the celestial orbs. That such enormous masses 
of matter should move at all is wonderful: but 
when we consider the amazing velocity with 
which they are impelled, we are lost in astonish- 
ment. The planet Jupiter, in describing its cir- 
cuit round the Sun, moves at the rate of 29,000 
miles an hour. The planet Venus, one of the 
nearest and most brilliant of the celestial bodies, 
and about the same size as the earth, is found to 
move through the spaces of the firmament at the 
rate of 76,000 miles an hour; and the planet Mer- 
cury, with a velocity of no less than 105,000 
miles an hour, or 1750 miles in a minute—a mo- 
tion two hundred times swifter than that of a can- 
non ball. 

These velocities will appear still more astonish- 
ing, if we consider the magnitude of the bodies 
which are thus impelled, and the immense forces 
which are requisite to carry them along in their 
courses. However rapidly a ball flies from the 
mouth of a cannon, it is the flight of a body of 
only a few inches in diameter; but one of the bo- 
dies, whose motion has been just now stated, is 
eighty-nine thousand miles in diameter, and would 
comprehend within its vast circumference more 
than a thousand globes as large as the earth.— 
Could we contemplate such motions from a fixed 
point, at the distance of only a few hundreds of 
miles from the bodies thus impelled—it would 
raise our admiration to its highest pitch, it would 
overwhelm all our faculties, and, in our present 
state would produce an impression of awe, and 
even of terror, beyond the power of language to 
express. The earth contains a mass of matter 
equal in weight to at least 2,200,000,000,000,000,- 
000,000, or more than two thousand trillions of 
tons, supposing its mean density to be only akout 
246 times greater than water. '['o move this pon- 
derous mass, a single inch beyond its position, 
were it fixedrin a quiescent state, would require a 
mechanical force almost beyond the power of 
numbers to express. The physical force of all 
the myriads of intelligences within the bounds 
of the planetary system, though their powers were 
far superior to those of man, would be altogether 
inadequate to the production of such a motion. 
How much more must be the force requisite to 
impel it with a velocity one hundred and forty 
times swifter than a cannon ball, or 68,000 miles 
an hour, the actual rate of its motion, in its course 
round the sun! But whatever degree of mechani- 
cal power would be requisite to produce such a 
stupendous effect, it would require a force one 
hundred and fifty times greater to impel the planet 
Jupiter, in its actual course, through the heavens! 
Even the planet Saturn, one of the slowest moy- 
ing bodies of our system, a globe 900 times larger 
than the earth, is impelled through the regions of 
space, at the rate of 22,000 miles an hour, carry- 
ing along with it two stupendous rings, and seven 
moons larger than ours, through its whole course 
round the central luminary. Were we placed 
Within a thousand miles of this stupendous globe 
(a station which superior beings may occasionally 
occupy), where its hemisphere, encompassed by 





its magnificent rings, would fill the whole extent 
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of our vision—the view of such a ponderous and 
glorious object, flying with such amazing velocity 
before us, would infinitely exceed every idea of 
grandeur we can derive from terrestrial scenes, 
and overwhelm our powers with astonishment and 
awe. Under such an emotion, we could only ex- 
claim, “GREAT AND MARVELOUS ARE THY WORKS, 
Lorp Gop Atmicuty!?? The ideas of strength and 
power implied in the impulsion of such enormous 
masses of matter, through the illimitable tracts of 
space, are forced upon the mind with irresistible 
energy, far surpassing what any abstract propo- 
sitions or reasonings can convey; and, constrain 
us to exclaim, “ Who is a strong Lord like unto 
thee! Thy right hand has become glorious in 
power! The Lord God omnipotent reigneth!”’ 

If we consider the immense’ number of bodies 
thus impelled through the vast spaces of the uni- 
verse—the rapidity with which the comets, when 
near the sun, are carried through the regions they 
traverse,—if we consider the high probability, if 
not absolute certainty, that the sun, with all its 
attendant planets and comets, is impelled with a 
still greater degree of velocity toward some dis- 
tant region of space, or around some wide cir- 
cumference—that all the thousands‘of systems of 
that nebula to which the sun belongs are moving 
in a similar manner—that all the nebule in the 
heavens are moving around some magnificent 
central body,—in short, that all the suns and 
wotlds in the universe are in rapid and perpetual 
motion, as constituent portions of one grand and 
boundless empire, of which Jehovah is the Sove- 
reign—and if we consider still further, that all 
these mighty movements have been going on, 
without intermission, during the-course of many 
centuries, and some of them, perhaps, for myriads 
of ages before the foundation of our world was 
laid—it is impossible for the human mind to form 
any adequate idea of the stupendous forces which 
are in incessant operation throughout the unlim- 
ited empire of the Almighty. To estimate such 
mechanical force, even in a single instance, com- 
pletely baffles the mathematician’s skill, and sets 
the power of numbers at defiance. ‘“ Language,”’ 
and figures, and comparisons, are “lost in won- 
ders so sublime,” and the mind, overpowered with 
such reflections, is irresistibly led upward 'to search 
for the cause in that Omnipotent Brine who up- 
holds the pillars of the universe—the thunder of 
whose power none can comprehend. 

While contemplating such august objects, how 
emphatic and impressive appears the language of 
the Sacred Oracles: “Canst thou by searching 
find out God? Canst thou find out the Almighty 
unto perfection? Great things doth he which we 
cannot comprehend. Thine, O Lord, is the great- 
ness, and the glory, and the majesty; for all that 
is in heaven and earth is thine. Among the gods 
there is none like unto thee, O Lord; neither are 
there any works like unto thy works. ‘Thou art 
great, and dost wondrous things: thou art God 
alone. Hast thou not known, hast thou not 
heard, that the everlasting God, the Lord, the 
Creator of all things, fainteth not, neither is, 
weary? there is no searching of his understand- 
ing. Let all the earth fear the Lord, let all the 
inhabitants of the world stand in awe of him; 
for he spake, and it was done; he commanded, and 
it stood fast.” 

Again, the immense spaces which surround the 
heavenly bodies, and in which they perform their 
revolutions, tend to expand our conceptions on 
this subject, and to illustrate the magnificence of 
the Divine operations. In whatever point of view 
we contemplate the scenery of the heavens, an 
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idea of grandeur irresistibly bursts upon the 
mind; and if empty space can, in any sense, be 
considered as an object of sublimity, nothing can 


fill the mind with a grander idea of magnitude 
and extension than the amplitude of the scale on 


| which planetary systems are constructed. Around 


the body of the sun there is allotted a cubical 


| space, 3600 millions of miles in diameter, in 


‘which eleven planetary globes revolve—every one 
being separated from another, by intervals of many 
millions of miles. The space which surrounds 
the utmost limits of our system, extending, in 
every direction, to the nearest fixed stars, is at 
least 40,000,000,000,000, or forty billions of miles 
in diameter; and, it is highly probable, that every 
star is surrounded by a.space of equal or even 
of greater extent. A body. impelled with the 
greatest velocity which art can produce—a can- 
non ball, for instancee—would require twenty 
years to pass through the space that intervenes 
between the earth and the sun, and four millions 
seven hundred thousand years ere it could reach 
the nearest star. Though the stars seem to be 
crowded together in clusters, and some of them 
almost to touch one another, yet the distance be- 
tween any two stars which seem to make the 
nearest approach, is such as neither words can 
express, nor imagination fathom. These immense 
spaces are as unfathomable, on the one hand, as 
the maguitude of the bodies which move in them, 
and their prodigious velocities are incomprehen- 
sible, on the other; and they form a part of those 
magnificent proportions according to which the 
fabric of universal nature was arranged—all cor- 
responding to the majesty of that infinite and in- 
comprehensible Being, “ who measures the ocean 
in the hollow of his hand, and meteth out the 
heavens with a span.’’? How wonderful that bo- 
dies at such prodigious distances should exert a 
mutual influence on one another! that the moon, 
at the distance of 240,000 miles, should raise tides 
in the ocean, and currents in the atmosphere! that 
the sun, at the distance of ninety-five millions of 
miles, should raise the vapors, move the ocean, 
direct the course of the winds, fructify the earth, 
and distribute light, and heat, and color, through 
every region of the globe! yea, that its attractive 
influence and fryctifying energy should extend 
even to the planet Herschel, at the distance of 
eighteen hundred millions of miles! So’that, in 
every point of view in which the universe is con- 
templated, we perceive the same grand scale of 
operation by which the Almighty has arranged 
the provinces of his universal kingdom. 

We would now ask, in the name of all that is 
sacred, whether such magnificent manifestations 
of Deity ought to be considered as irrelevant in 
the business of religion, and whether they ought 
to be thrown completely into the shade, in the 
discussions which take place on religious topics, 
in “the assemblies of the saints!’”’ If religion 
consist in the intellectual apprehension of the per- 
fections of God, and in the moral effects pro- 
duced by such an apprehension ——if all the rays 
of glory emitted by the luminaries of heaven are 
only so many reflections of the grandeur of Him 
who dwells in light inapproachable—if they have 
a tendency to assist the mind in forming its con- 
ceptions of that ineffable Being, whose uncreated 
glory cannot be directly contemplated —and if 
they are calculated to produce a sublime and aw- 
ful impression on all created intelligences,—shall 
we rest contented with a less glorious idea of God 
than his works are calculated to afford? Shall 
we disregard the works of the Lord, and contemn 
the operations of his hands, and that too in the 





face of all the invitations on this subject address- 
ed to us from heaven? For thus saith Jehovah— 
“Lift up your eyes on high, and behold, who ath 
created these things—who bringeth forth their 
host by number?—I the Lord, who maketh all 


things, who stretched forth the heavens alone, and. 


spread abroad the earth by myself; all their host 
have I commanded.’ And if, at the comman 
of God, we lift our eyes to the “firmament of his 
power,” surely we ought to do it not with a “ brute 
unconscious gaze,”’ not with the vacant stare of a 
savage, not as if we were still enveloped with the 
mists and prejudices of the dark ages—but as sur- 
rounded by that blaze of light which modern science 
has thrown upon the scenery of the sky, in order 
that we may contemplate, with fixed attention, all 
that enlightened reason, aided by the nicest ob- 
servations, has ascertained respecting the magni- 
ficence of the celestial orbs. To overlook the 
sublime discoveries of modern times, to despise 
them, or to call in question their reality as some 
religionists have done, because they bring to our 
ears such astonishing reports of “ the eternal pow- 
er” and majesty of Jehovah—is to act as if we were 
afraid lest the Deity should be represented as more 
grand and magnificent than he really is, and as if 
we would be better pleased to pay him a less 
share of homage and adoration than is due to his 
name. 

rhaps some may be disposed to insinuate, that 
the views now stated are above the level of ordi- 
nary comprehension, and founded too much on 
scientific considerations, to be stated in detail to a 
common audience. To any insinuations of this 
kind it may be replied, that such illustrations as 
those to which we have referred, are more easily 
comprehended than many of those abstract dis- 
cussions to which they are frequently accustomed; 
since they are definite and tangible, being derived 
from those objects which strike the senses and the 
imagination. Any person of common under- 
standing may be made to comprehend the leading 
ideas of extended space, magnitude, and motion, 
which have been stated above, provided the de- 
scriptions be sufficiently simple, clear, and well- 
defined; and should they be at a loss to compre- 
hend the principles on which the conclusions rest, 
or the mode by which the magnificence of the 
works of God has been ascertained, an occasional 
reference to such topics would excite them to in- 
quiry and investigation, and to the exetcise of 
their powers of observation and reasoning on such 
subjects—which are too frequently directed to far 
less important objects. 

The following illustration, however, stands clear 
of every objection of this kind, and is level to the 
comprehension of every man of common sense:— 
Either the earth moves round its axis once in 
twenty-four hours—or the sun, moon, planets, co- 
mets, stars, or the whole frame of the universe, 
move around the earth in the same time. There 
is no alternative, or third opinion, that can be 
formed on this point. If the earth revolve on its 
axis every twenty-four hours, to produce the al- 
ternate succession of day and night, the portions 
of its surface about the equator must move at the 
rate of more than a thousand miles an hour, since 
the earth is more than twenty-four thousand miles 
in circumference. This view of the fact, when 
attentively considered, furnishes a most sublime 
and astonishing idea. That a globe of so vast 
dimensions, with all its load of mountains, conti- 
nents, and oceans, comprising within its cireum- 
ference a mass of two hundred and sixty-four 
thousand millions of cubical miles, should whirl 
round with so amazing a velocity, gives us a most 
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august and impressive conception of the greatness 
of that Power which, first set it in motion, and 
continues the rapid whirl from age to age!— 
Though the huge masses of the Alpine moun- 
tains were in a moment detached from their foun- 
dations, carried aloft through the regions of the 
air, and tossed into the Mediterranean sea, it 
would convey no idea of a force equal to that 
which is every moment exerted, if the earth re- 
volve on its axis. But should the motion of the 
earth be called in question, or denied, the idea of 
force, or power, will be indefinitely increased.— 
For, in this case, it must. necessarily be admitted 
that the heavens, with all the innumerable hosts 
of stars, have a diurnal motion around our globe; 
which motion must be inconceivably more rapid 
than that of the earth, on the supposition of its 
motion. For, in proportion as the celestial bodies 
are distant from the earth, in the same proportion 
would be the rapidity of their movements. The 
sun, on this supposition, would move at the rate 
of 414,000 miles in a minute; the nearest stars at 
the rate of fourteen hundred millions of miles in 
a second; and the most distant luminaries, with a 
degree of swiftness which no numbers could ex- 
press.* Such velocities, too, would be rate 
of motion, not merely of a single globe like the 
earth, but of all the ten thousand times ten thou- 
sand spacious globes that exist within the bounda- 
ries of creation. This view conveys an idea of 
power still more august and overwhelming than 
any of the views already stated, and we dare not 
presume to assert that such a degree of physical 
force is beyond the limits of Infinite perfection: 
but on the supposition it existed, it would con- 
found all our ideas of the wisdom and intelligence 
of the Divine mind, and would appear altogether 
inconsistent with the character which the Scrip- 
tures give us of the Deity as “the only-wise 
God.” For it would exhibit a stupendous sys- 
tem of means altogether disproportioned to the 
end intended; namely, to produce the alternate 
succession of day and night to the inhabitants of 
our globe, which is more beautifully and harmoni- 
ously effected by a single rotation on its axis, as 
is the case with the other globes which compose 
the planetary system. Such considerations, how- 
ever, show us that, on whatever hypothesis, whe- 
ther on the vulgar or the scientific, or in whatever 
other point of yiew the frame of nature may be 
contemplated, the mind is irresistibly impressed 
with ideas of power, grandeur, and magnificence. 
And, therefore, when an inquiring mind is di- 
rected to contemplate the works of God, on any 
hypothesis it may choose, it has a tendency to 
rouse reflection, and to stimulate the exercise of 
the moral and intellectual faculties, on objects 
which are worthy of the dignity of immortal 
minds. 

We may now be, in some measure, prepared to 
decide, whether illustrations of the Omnipotence 
of the Deity, derived from the system of the ma- 
terial world, or those vague and metaphysical dis- 
quisitions which are generally given in theologi- 
cal systems, be most calculated to impress the 
mind, and to inspire it with reverence and adora- 
tion. The following is a description given of this 
attribute of God, by a well-known systematic 
writer, who has generally been considered as a 
judicious and orthodox divine:— 

“God is Almighty.+ This will evidently ap- 
pear, in that, if he be infinite in all-his other per- 
fections, he must be so in power; thus, if he be 
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omniscient, he knows what is possible or expe- 
dient to be done; and if he be an infinite sove- 
reign, he wills whatever shall come to pass. Now 
this knowledge would be. insignificant, and his 
power inefficacious, were he not infinite in power, 
or almighty. Again, this might be argued from 
his justice, either in rewarding or punishing; for, 
if he were not infinite in power, he could do 
neither of these, at least so far us to render him 
the object of that desire or fear, which is agreea- 
ble to the nature of these perfections; neither 
could infinite faithfulness accomplish all the pro- 
mises which he hath made, so as to excite that 
trust and dependence, which is a part of religious 
worship; nor could he say without limitation, as 
he does, I have spoken it, I will also bring it to pass: 
Ihave purposed it, I will also do it.* But since 
power is visible in, and demonstrated by its effects, 
and infinite power by those effects which cannot 
be produced by a creature, we may observe the 
almighty power of God in all his works, both of 
nature and grace; thus his eternal power is un- 
derstood, as the apostle says, by the things that are 
made;}+ not that there was an eternal production 
of things, but the exerting this power in time, 
proves it to be infinite and truly divine; for no 
creature can produce the smallest particle of mat- 
ter out of nothing, much less furnish the various 
species of creatures with those endowments in 
which they excel one'another, and set forth their 
Creator’s glory. And the glory of his power is 
no less visible in the works of providence, where- 
by he upholds all things, disposes of them accord- 
ing to his pleasure, and brings about events which 
only he who has an almighty arm can effect.’’t 
This is the whole that Dr. Ridgely judges it 
necessary to state in illustration of the attribute 
of Omnipotence, except what he says in relation 
to its operation in “the work of grace,” in “ the 
propagation and success of the Gospel,” etc.; sub- 
jects to which the idea of power, or physical en- 
ergy, does not properly apply. Such, however, 
are the meager and abstract disquisitions general- 
ly given by most systematic writers. There is a 
continual play on the term “ Infinite,’ which, to 
most minds. conveys no idea at all, unless it be 
associated with ample conceptions of motion, 
magnitude, and extension; and it is constantly 
applied to subjects to which it was never intended 
to apply, such as “infinite faithfulness, infinite 
justice, infinite truth,” etc.; an application of the 
term which is never sanctioned by Scripture, and 
which has a tendency to introduce confusion into 
our conceptions of the perfections of God.— 
Granting that the statements and reasonings in 
such an extract as the above were unquestionable, 
yet what impression can they make upon the 
mind? Would an ignorant person feel his con- 
ception of the Divinity much enlarged, or his 
moral powers aroused by such vague and general 
statements?. And, if not, it appears somewhat 
unaccountable, that those sources of illustration 
which would convey the most ample and definite 
views of the “eternal power” and glory of God, 
should be studiously concealed from the view.— 
Vague descriptions.and general views of any ob- 
ject will never be effectual in awakening the at- 
tention and arresting the faculties of the mind. 
The heart will always remain unimpressed, and 
the understanding will never be thoroughly ex- 
cited in its exercise, unless the intellect have pre- 
sented before it a well-defined and interesting ob- 
ject, and be enabled to survey it in its various 
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aspects; and this dgect must always have a rela- 
tion to the material world, whether it be viewed 
in connection with religion or with any other 
subject. 

Thus, I have endeavored, in the preceding 
sketches, to present a few detached illustrations 
of the Omnipotence and grandeur of the Deity, 
Mp displayed in the vast magnitude of the materiul 

iverse—the stupendous velocities of the celes- 
tial bodies—and in the immeasurable regions of 
space which surround them, and in which their 
motions are performed. Such a magnificent spec- 
tacle as the fabric of, the universe presents—so 
majestic, godlike, and’ overwhelming, to beings 
who dwell “in tabernacles of clay ”?—was surely 
never intended to be overlooked, or to be gazed at 
with indifference, by creatures endowed with rea- 
son and intelligence, and destined to an immortal 
existence. In forming a universe composed of 
so many immense systems and worlds, and re- 
plenished with such a variety of sensitive and 
intelligent existences, the Creator, doubtless, in- 
tended that it should make a sublime and reveren- 
tial impression on the minds of all the intellectual 
beings to whom it might be displayed, and that it 
should convey some palpable idea of the infinite 
glories of his nature, in so far as material objects 
can be supposed to adumbrate the perfections: of a 
spiritual and uncreated Essence. Dwelling in 
light “inaccessible ” to mortals, and forever vailed 
from the highest created being, by the pure spi- 
rituality and immensity of his nature, there is no 
conceivable mode by which the infinite gran- 
deur of Deity could be exhibited to finite intelli- 
gences, but through the medium of those mag- 
nificent operations which are incessantly going 
forward throughout the boundless regions of space. 
Concealed from the gaze of all the “ principalities 
and powers”? in heaven, in the unfathomable 
depths of his Essence, he displays his presence in 
the universe he has created, and the glory of his 
power, by launching magnificent worlds into ex- 
istence, by adorning them with diversified splen- 
dors, by peopling them with various ranks of in- 
telligent existence, and by impelling them in their 
movements through the illimitable tracts of crea- 
tion. 

It will readily be admitted by every enlightened 
Christian, that it must be a highly desirable at- 
tainment, to acquire the most glorious idea of the 
Divine Being, which the limited capacity of our 
minds is capable of receiving. This is one of the 
grand difficulties in religion. The idea of a Being 
purely IMMATERIAL, yet pervading infinite space, 
and possessed of no sensible qualities, confounds 
and bewilders the human intellect, so that its con- 
ceptions, on the one hand, are apt to verge toward 
extravagancy, while, on the other, they are apt to 
degenerate into something approaching to inanity. 
Mere abstract ideas and reasonings respecting in- 
finity, eternity, and absolute perfection, however 
sublime we may conceive them to be, completely 
fail in arresting the understanding, and affecting 
the heart; our conceptions become vague, empty, 
and confused, for want of a material vehicle to 
.give them order, stability, and expansion. Some- 
thing of the nature of vast extension, of splendid 
and variegated objects, and of mighty movements, 
is absolutely necessary, im order to convey to 
spirits dwelling in bodies of clay, a definite con- 
ception of the invisible glories of the Eternal 
Mind; and, therefore, in the immense variety of 
material existence with which the universe is 
adorned, we find every requisite assistance of this 
kind to direct and expand our views of the Great 
Object of our adoration. When the mind is per- 
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plexed and overwhelmed with its conceptions, 
when it labors, as it were, to form some well de- 
fined conceptions of an Infinite Being, it here 
finds some tangible objects on which to fix, some 
sensible substratum for its thoughts to rest upon 
for a little, while it attempts to penetrate, in its 
excursions, into those distant regions which eye 
hath not seen, and to connect the whole of 


mental survey with the energies of the “ King’ 


_ Eternal, Immortal, and Invisible.’ 

To such a train of thought we are uniformly 
directed in the Sacred Oracles, where Jehovah is 
represented as describing himself by the effects 
which his power and wisdom have produced:— 
‘Israel shall be saved in the Lord with an ever- 
lasting salvation. For thus saith Jehovah that 
created the heavens; God himself that formed the 
earth and made it; he hath established it, he crea- 
ted it not in vain, he formed it to be inhabited; I 
am the Lord, and there is none else.’? ‘J have 
made the earth and created man upon it, my hands 
have stretched out the heavens, and all their hosts 
have I commanded. Hearken unto me, O Israel: 
I am the first, I also am the last. Mine hand 
also hath laid the foundation of theearth, and my 
right hand hath spanned the heavens; when I call 
unto them, they stand up together. Who hath 
measured the waters in the hollow of his hand, 
and meted out heaven with a span, and weighed 

mountains in scales? He who sitteth upon the 
circle of the earth, and the inhabitants thereof are 
as grasshoppers; that stretcheth out the heavens 
as a curtain, that fainteth not, neither is weary.” 
‘“ The Lord made the heavens, the heaven of hea- 
vens, with all their hosts; honor and majesty are 
before him, and his kingdom ruleth over all.’? *— 
Such sublime descriptions of Jehovah, and refer- 
ences to his material works, are reiterated in every 
_portion of the sacred volume: and the import and 
sublimity of such expressions cannot be fully ap- 
preciated, unless we take into view all the mag- 
nificent objects which science has unvailed in the 
distant regions of creation. 

This subject is calculated, not merely to over- 
power the intellect with an idea of sublimity and 
grandeur, but also to produce deep moral im- 
pressions upon the heart; and a Christian philoso- 
pher would be deficient in his duty were he to 
overlook this tendency of the objects of his con- 
templation. 

One important moral effect which this subject 
has a natural tendency to produce, is, profound 
Huminity. What an insignificant being does man 
appear, when he compares himself with the mag- 
nificence of creation, and with the myriads of 
exalted intelligences with which it is peopled! 
What are all the honors and splendors of this 
earthly ball, of which mortals are so proud, when 
placed in competition with the resplendent glories 
of the skies! Such a display as the Almighty 
has given of himself, in the magnitude and variety 
of his works, was evidently intended “ to stain the 
pride” of all human grandeur, that “no flesh 
should glory in his presence.”? Yet there is no 
disposition that appears so prominent among puny 
mortals as pride,‘ambition, and vain-glory—the 
very opposite of humility, and of all those tem- 
pers which become those “who dwell in taber- 
nacles of clay, and whose foundation is in the 
dust.” Even without taking into account the 
state of man as a depraved intelligence, what is 
there in his situation that should inspire him with 
“lofty looks,” and induce him to look down on 
his fellow-men with supercilious contempt? He 











* Isaiah xlv. 17, 18, 125 xlviii. 12, 13; x1, 12,22, ete. 
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| derived his origin from the dust, he is allied to the 
beasts that perish, and he is fast hastening to the 
grave, where his carcass will become the food of 
noisome reptiles, He is every moment dependent 
on a Superior Being for every pulse that beats, 
and every breath he draws, and for all that he 
possesses; he is dependent even on the meanest 
of his species for his accommodations and com- 
forts. He holds every enjoyment-on the most 
precarious tenure,—his friends may be snatched 
ina moment from his embrace; his riches may 
take to themselves wings and fly away; and his 
health and beauty may be blasted in an hour, by 
a breath of wind. Hunger and thirst, cold and 
heat, poverty and disgrace, sorrow and disappoint- 
ment, pain and disease, mingle themselves with 
all his pursuits and enjoyments. His knowledge 
is circumscribed within the narrowest limits, his 
errors and follies are clan end innumerable; 
and ‘he stands as, an .almost undistinguishable 
atom, amidst the immensity of God’s works. 
Still, with all these powerful inducements to the 
exercise of humility, man dares to be proud and 
arrogant: 


** Man, proud man, 

Dress’d in a little brief authority, — , 

Plays such fantastic tricks before high he ’ 

As make the angels weep.” : 
How affecting to contemplate the warrior, flushed 
with diabolical pride, pursuing his conquests 
through heaps of slain, in order to obtain posses- 
sion of “a poor pitiable speck of perishing earth;’’ 
exclaiming in his rage, “I will pursue, I will 
overtake, I will divide the spoil, my lust shall ba 
satisfied upon them, I will draw the sword, my 
hand shall destroy them’’—to behold the man of 
rank glorying in his wealth, and his empty titles, 
and looking around upon the inferior orders of his 
fellow-mortals as the worms of the dust—to be- 
hold the man of ambition pushing his way through 
bribery, and treachery, and slaughter, to gain pos- 
session of a throne, that he may look down with 
proud pre-eminence upon his fellows—to behold 
the haughty airs of the noble dame, inflated with 
the idea of her beauty, and her high birth, as she 
struts along, surveying the ignoble crowd, as if 
they were the dust beneath her feet—to behold the 
smatterer in learning, puffed up with a vain con- 
ceit of his superficial acquirements, when he has 
searcely entered the porch of knowledge,—in 
fine, to behold all ranks, from the highest to the 
lowest, big with an idea of their own importance, 
and fired with pride and revenge at the least pro- 
vocation, whether imaginary or real! How in- 
consistent the manifestations of such tempers, 
with the many humiliating circumstances of our 
present condition, and with the low rank which 
we hold in the scale of Universal Being. 

lt is not improbable, that there are in the uni- 

verse, intelligences of a superior order, in whose 
breasts pride never found a place—to whom this 
globe of ours, and all its inhabitants, appear as 
inconsiderable as a drop of water, filled with mi- 
croscopic animalcules, does to the proud lords of 
this earthly region. There is at least one Being 
to whom this sentiment is applicable, in its ut- 
most extent:—* Before Him all nations are as a 
drop of a bucket, and the inhabitants of the earth 
as grasshoppers; yea, they are as nothing, and are 
counted to him less than nothing and’ vanity.” 
Could we wing our way with the swiftness of a 
seraph, from sun to sun, and from world to world, 
until we had surveyed all the systems visible to 
the naked eye, which are only as a mere speck in 
the map of the universe—could we, at the same 
time, contemplate the glorious landscapes and 
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scenes of ewe they exhibit—could we also 
mingle with the pure and exalted intelligences 
which people those resplendent abodes, and be- 
hold their humble and ardent adorations of their 
Almighty Maker, their benign and condescending 
deportment toward one another; “each esteem- 
ing another better than himself,” and all united 


in the bonds of the purest affection, without one} 


haughty or discordant feeling—what indignation 
and astonishment would seize us on our return to 
this obscure corner of creation, to behold beings 
enveloped in the mists of ignorance, immersed in 
depravity and wickedness, liable to a thousand ac- 
cideunts, exposed to the ravages of the earthquake, 
the volcano, and the storm; yet proud as Lucifer, 
and glorying in their shame! We should be apt 
to view them, as we now do those bedlamites, 
who fancy themselves to be kings, surrounded by 
their nobles, while they are chained to the walls 
of a noisome dungeon. Sure pride was never 
made for man.’? How abhorrent, then, must it 
appear in the eyes of superior beings, who have 
taken an expansive range through the field of 
creation! How abhorrent it isin the sight of the 
and how amiable is the opposite virtue, 
from his word:—“Every one that is 
proud in heart is an abomination to the Lord.”’— 
“ God resisteth the proud, but he giveth grace to 
the humble.”—* Thus saith the High and Lofty 
One, who inhabiteth eternity, [ dwell in the high 
and holy place; with him also that is of an hum- 
ble and contrite spirit; to revive the spirit of the 
humble, and the heart of the contrite. ones.”— 
While, therefore, we contemplate the Omnipo- 
tence of God in the immensity of creation, let us 
learn to cultivate humility and self-abasement. 
This was one of the lessons which the pious 
Psalinist deduced from his survey of the noctur- 
nal heavens. When he beheld the moon walking 
in brightness, and the innumerable host of stars— 
overpowered with a sense of his own insignifi- | 
cance, and the greatness of Divine condescension, 
he exclaimed, “O Lord! what is man, that thou 
art mindful.of him, or the son of man, that thou 
shouldst visit him!” 

Again, this subject is also calculated to inspire 
us with REVERENCE and VENERATION of God. Pro- 
found veneration of the Divine Being lies at the 
foundation of all religious worship and obedience. 
But, in order to reverence God aright, we must 
know him; and, in order to acquire the true 
knowledge of him, we must contemplate him 
through the medium of those works and dispen- 
sations, by which he displays the glories of his 
nature to the inhabitants of our world. I have 
already exhibited a few specimens-of the stupend- 
ous operations of his power, in that portion of 
the system of the universe which lies open to our 
inspection; and there is, surely, no mind in which 
the least spark of piety exisis, but must feel 
strong emotions of reverence and awe, at the 
thought of that Almighty and Incomprehensible 
Being, who impels the huge masses of the plane- 
tary globes with so amazing a rapidity through 
the sky, and who has diversified the voids of space 
with so vast an assemblage of magnificent worlds. 
Even those manifestations of Deity which are 
confined to the globe we inhabit, when attentively 
considered, are calculated to rouse, even the un- 
thinking mind, to astonishment and awe. ‘The 
lofty mountains, and expansive plains, the mass 
of waters in the mighty ocean, the thunders roil- 
ing along the sky, the lightnings flashing from 
cloud to cloud, the hurricane and the tempest, the 
volcano vomiting rivers of fire, and the earth- 
quake shaking kingdoms, and leveling cities with 
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the ground—all proclaim the Majesty of Him, by 
whom the elements of nature are arranged and 
directed, and seem to address the sons of men in 
language like this: “The Lord reigneth, he is 
clothed with majesty; at his wrath the earth 
trembles; a fire goeth before him, and burneth up 
his enemies.’’—* Let all the earth fear the Lord, 
let all the inhabitants of the world stand in awe 
of him.” 

“There is one reason, among others, why the 
bulk of mankind feel so little veneration of God, 
and that is, that they seldom contemplate, with 
fixed.attention, “the operations of his hands.’ 
If we wish to cherish this sublime sentiment in 
our hearts, we must familiarize our minds to fre- 
quent excursions over all those scenes of Creation 
and Providence, which the volume of nature, and 
the volume of inspiration, unfold to view. We 
must endeavor to assist our conceptions of the 
grandeur of these objects, by every discovery 
which has been, or may yet be made, and by every 
mode of illustration by which a sublime and compre- 
hensive idea of the particular object of contempla- 
tion may be obtained.—If we would wish to acquire 
some definite, though imperfect conception of the 
physical extent of the universe, our minds might 
be assisted by such illustrations as the following: 
—Light flies from the sun with a velocity of near- 
ly two hundred thousand miles in a moment of 
time, or about 1,400,000 times swifter than the 
motion of a cannon ball. Suppose that one of 
the highest order of intelligences is endowed with 
a power of rapid motion superior to that of light, 
and with a corresponding degree of intellectual 
energy; that he has been flying, without inter- 
mission, from one province of creation to another, 
for six thousand years, and will continue the same 
rapid course for a thousand millions of years to 
come; it is highly probable, if not absolutely cer- 
tain, that at the end of this vast tour, he would 
have advanced no farther than “the suburbs of 
creation’’—and that all the magnificent systems 
of material and intellectual beings he had survey- 
ed during his rapid flight, and for such a length 
of ages, bear no more proportion to the whole 
Empire of Omnipotence, than the smallest grain 
of sand does to all the particles of matter of the 
same size contained in ten thousand worlds. Nor 
need we entertain the least fear, that the idea of 
the extent of the Creator’s power, conveyed by 
such a representation, exceeds the bounds of 
reality. On the other hand, it must fall almost 
infinitely short of it. For, as the poet has justly 
observed— 


“ Can man conccive beyond what God can do? ” 


Were a seraph, in prosecuting the tour of crea- 
tion in the manner now stated, ever to arrive at 
a limit beyond which no further displays of the 
Divinity could be perceived, the thought would 
overwhelm his faculties with unutterable anguish 
and horror; he would feel, that he had now, in 
some measure, comprehended all the plans and 
operations of Omnipotence, and that no further 
manifestations of the Divine glory remained to be 
explored. But we may rest assured, that this can 
never happen in the case of any created intelli- 
genee. We have every reason to believe, both 
from the nature of an Infinite Being, and from 
the vast extent of creation already explored, that 
the immense mass of material existence, and the 
endless variety of sensitive and intellectual beings 
with which the universe is replenished, are in- 
tended by Jehovah, to present to his rational off- 
spring, a shadow, an emblem, or a representation 
(in so far as finite extended existence can be a 
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representation) of the Infinite Perfections of his 
nature, which would otherwise have remained 
forever impalpable to all subordinate intelligences. 
In this manner, then, might we occasionally 
exercise our’ minds on the grand and diversified 
objects which the universe exhibits; and, in pro- 
portion as we enlarge the sphere of our contem- 
plations, in a similar proportion will our views of 
God himself be extended, and a corresponding 
sentiment of veneration impressed upon the mind. 
For the soul of man cannot reverence a mere 
abstract being, that was never manifested through 
a sensible medium, however many lofty terms 
may be used to describe his perfections. It reve- 
rences that Ineffable being, who conceals himself 
behind the scenes of Creation, through the me- 
dium of the visible display he exhibits of his 
Power, Wisdom, and Beneficence, in the economy 
of Nature, and in the Records of Revelation.— 
Before the universe was formed, Jehovah existed 
alone, possessed of every attribute which he now 
displays. But, had only one solitary intelligence 
been created, and placed in the infinite void, with- 
out a material substratum beneath and around 
him, he could never have been animated with a 
sentiment of profound veneration for his Creator; 
because no objects existed to excite it, or to show 
that his Invisible Maker was invested with those 
attributes which he is now known to possess. 
Accordingly, we find in the sacred writings, that, 
when a sentiment of reverence is demanded from 
the sons of men, those sensible objects which are 
calculated to excite the emotion are uniformly 
exhibited. “Fear ye not me, saith the Lord? 
Will ye not tremble at my presence, who have 
placed the sand for the bound of the sea, by a per- 
petual decree, that it cannot pass it; and though 
the waves thereof toss themselves, yet they can- 
not prevail; though they roar, yet can they not 
pass over it?’? ‘Who would not fear thee, O 
King of nations! Thou art the true God, and 
an everlasting King. Thou hast made the earth 
by thy power, thou hast established the world by 
thy wisdom, thou hast stretched out the heavens 
by thy discretion. When thou utterest thy voice 
there is a noise of waters in the heavens, thou 
causest the vapors to ascend from the ends of the 
earth, thou makest lightnings with rain, and 
bringest forth the winds out of thy treasuries.’ * 
But however enlarged and venerable concep- 
tions of God we may derive from the manifesta- 
tions of his power, they must fall infinitely short 
of what is due to a being of boundless perfection. 
For there may be attributes in the Divine Essence 
of which we cannot possibly form the least concep- 
tion—attributes which cannot be shadowed forth 
or represented by any portion of the material or in- 
tellectual world yet discovered by us, or by all the 
mighty achievements by which human redemp- 
tion was effected—attributes which have not yet 
been displayed, in their effects, to the highest 
orders of intelligent existence. And therefore, as 
that excellent philosopher and divine, the honora- 
ble Mr. Boyle, has well observed, “Our ideas of 
God, however great, will rather express the great- 
ness of our veneration than the immensity of his 
perfections; and the notions worthy the most in- 
telligent men are far short of being worthy the 
incomprehensible God—the brightest idea we can 
frame of God being infinitely inferior, and no 
more than a Parhelion + in respect of the sun; for 








* Jeremiah x, 7-13. 

t A Parhelion, or Mock-Sun, is a meteor in the form of a 
very bright light appearing on one side of the sun, and some- 
what resembling the appearance of that luminary. ‘This 
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though that meteor is splendid, and resembles the 
sun, yet it resides in a cloud, and is nof only 
much beneath the sun in distance, but inferior in 
bigness and splendor.’ 

In short, were we habitually to cherish that 
profound veneration of God which his works are 
calculated to inspire, with what humility would 
we approach the presence of this August Being! 
with what emotions of awe would we present our . 
adorations! and with what reverence would we 
talk of his inscrutable purposes and incompre- 
hensible operations! We would not talk about 
him as some writers have done, with the same 
ease and indifference as a mathematician would 
talk about the properties of a triangle, or a philo- 


-sopher about the effects of a mechanical engine; 


nor would we treat with a spirit of levity any of 
the solemn declarations of his word, or the mighty 
movements of his providence. We would be ever 
ready to join with ardoryin the sublirne devotions 
of the inspired writers, “Great and marvelous 
are thy works, Lord God Almighty, just and true 
are thy ways, thou King of saints! Who would 
not fear thee, O Lord, and glorify thy name? Let 
all the earth fear the Lord, let all the inhabitants 
of the world stand in awe of him.” Re 

Lastly, The views we have taken of the omni- 
potence and grandeur of ‘the Deity are calculated 
to inspire us with Hope and conripENcE in the 
prospect of that eternal existence which lies be- 
fore us. The period of our existence in this 
terrestrial scene will soon terminate, and those 
bodies, through which we now hold a correspon- 
dence with the visible creation, crumble into dust. 
The gradual decay, and. the ultimate dissolution 
of human bodies, present a scene at which reason 
stands aghast; and, on a cursory survey of the 
chambers of the dead, it is apt to exclaim, in the 
language of despair, ‘‘Can these dry bones live?” 
A thousand difficulties crowd upon the mind 
which appear repugnant to the idea, that beauty 
shall again spring out of ashes, and life out of the 
dust. But, when we look abroad to the displays 
of Divine power and intelligence, in the wide ex- 
panse of Creation, we perceive that ~ 

« Almighty God 

Has done much more; nor is his arm ace A 

Through length of days.—And what he can, he will; 

His faithfulness stands bound to see it done.”—Buarr. 

We perceive that he has created systems in such 
vast profusion that no man can number them. 
The worlds every moment under his superinten- 
dence and direction are unquestionably far more 
numerous than all the: human beings who have 
hitherto existed, or will yet exist until the close 
of time. And if he has not only arranged the 
general features of each of these worlds, and es- 
tablished the physical laws by which its economy 
is regulated, but has also arranged the diversified 
circumstances, and directs the minutest move- 
meuts of the myriads of sensitive and intellectual 
existences it contains, we ought never for a mo- 
ment to doubt that the minutest particles of every 
human body, however widely separated from each 
other, and mingled with other extraneous sub- 
stances, are known to Him whose presence per- 
vades all space; and that all the atoms requisite 
for the construction of the Resurrection-body 
will be reassembled for this purpose ‘by the 
energy of that mighty power whereby he is able 





phenomenon is supposed to be produced by the refraction 
and reflection of the sun’s rays from a watery cloud. Some 
times three or four of these parhelia, all of them bearing 9 
certain resemblance to the real sun, have been seen at one 
time. 
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to subdue all things to himself.” If we suppose 
that a number of human: beings, amounting to 
three hundred thousand millions, shall start from 
the grave into new life at the general resurrection, 
and that the atoms of each of these bodies are 
_ just now under the special superintendence of 
the Almighty—and that, at least, an equal num- 
ber of worlds are under his particular care and 
direction—the exertion of power and intelligence, 
in the former, case, cannot be supposed to be 
greater than what is requisite in the latter. To 
a Being possessed of Infinite Power, conjoined 
with Boundless Intelligence, the superintendence 
of countless atoms, and of countless worlds, is 
equally easy, where no contradiction is implied. 
For, as the poet has well observed,— 


« He summons into being with like ease 
A whole creation and a single grain.” 


And since this subject tends to strengthen our 
hope of a resurrection from the dead, it is also 
calculated to inspire us with confidence in the 
prospect of those eternal scenes which will burst 
upon the view, at the dissolution of all terrestrial 
things. Beyond the period fixed for the confla- 
gration of this world, “a wide and unbounded 
prospect lies before us:” and though, at present, 
‘shadows, clouds, and darkness rest upon it,” yet 
the boundless magnificence of the Divine empire 
which science has unfolded, throws a radiance over 
the scenes of futurity, which is fraught with con- 
solation, in the view of “the wreck of matter and 
the crash of worlds.”’ It opens to us a prospect 
of perpetual improvement in knowledge and feli- 
city; it presents a field in which the human facul- 
ties may be forever expanding, forever contem- 
plating new scenes of grandeur rising to the view, 
in boundless perspective, through an interminable 
succession of existence. It convinces us, that the 
happiness of the eternal state will not consist in 
an unvaried repetition of the same perceptions 
and enjoyments, but that new displays of the 
Creator’s glory will be continually bursting on 
the astonished mind, world without end. And as 
we know that the same beneficence and care 
which are displayed in the arrangements of sys- 
tems of worlds, are also displayed in supporting 
and providing for the smallest microscopic ani- 
malcule, we have no reason to harbor the least 
fear lest we should be overlooked in the immensity 
of creation, or lost amidst the multiplicity of 
those works among which the Deity is incessant- 
ly employed: For, as he is Ommipresent, his es- 
sence pervades, actuates, and supports the whole 
frame of universal nature, and all the beings it 
contains, so that he is as intimately present with 
every created being, whether sensitive or intellec- 
tual, as that being is to itself. And as he is 
Omniscient, he is conscious of every movement 
that can arise in the material system, and of 
every thought and purpose that can pervade the 
world of intellectual existence,—and consequently 
his superintendence and care must extend to 
every creature he has formed. Therefore, though 
the “elements shall melt with fervent heat, and 
the earth and all the works therein be dissolved, 

et we, according to his promise, look for new 
a and anew earth, wherein dwelleth right- 
eousness.”” 


SECTION III. 


ON THE WISDOM AND INTELLIGENCE OF THE DEITY. 


In surveying the system of nature with a 
Christian and a philosophic eye, it may be con- 
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sidered in different points of view. It may be 
viewed either as displaying the power and magni- 
ficence et the Deity in the immense quantity of 
materials of which it is composed, and in the 
august machinery and movements by which 
its economy is directed; —or, as manifesting 
his Wisdom in the nice adaptation of every 
minute circumstance to the end it was intended 
to accomplish ;—or, as illustrating his unbounded 
beneficence in the provision which is made for 
the accommodation and happiness of the nume- 
rous tribes of sentient and intelligent beings it 
contains. Having, in the preceding section, en- 
deavored to exhibit some of those objects which 
evince the Omnipotence of Deity, and the pious 
emotions they are calculated to excite, I shall now 
offer a few popular illustrations of Divine Wis- 
dom, as displayed in the arrangements of the ma- 
terial world—which shall chiefly be confined to 
those objects which are most prominent and obvi- 
ous to the vulgar eye. 

Wisdom is that perfection of an intelligent 
agent, by which he is enabled to select and em- 
ploy the most proper means in order to accomplish 
a good and important end. It includes the idea 
of knowledge or intelligence, but may be distin- 
guished from it. Knowledge is opposed to igno- 
rance, Wisdom is opposed to folly or error in con- 
duct. As applied to God, it may be considered as 
comprehending the operations of his Omniscience 
and Benevolence; or, in other words, his know- 
ledge to discern, and his disposition to choose 
those means and ends which are calculated to 
promote the order and the happiness of the uni- 
verse. 

The Wisdom of God is, doubtless, displayed in 
every arrangement he has made throughout all 
the provinces of his immense and eternal king- 
dom, however far they may be removed from the 
sphere of human observation. But it is only in 
those parts of the system of nature which lie open 
to our particular investigation, that the traces of 
this perfection can be distinctly perceived. The 
heavens declare the glory of God’s Wisdom, as 
well as of his Power. The planetary system— 
that portion of the heavens with which we are 
best acquainted—displays both the magnificence 
and the skill of its Divine Author,—in the mag- 
nitudes, distances, revolutions, proportions, and 
uses of the various globes of which it is composed, 
and in the diversified apparatus by which light 
and darkness are alternately distributed. The 
sun, an immense luminous world, by far the 
largest body in the system, is placed in the center. 
No other position would have suited for an equa- 
ble distribution of illumination and heat through 
the different parts of the system. Around him, 
at different distances, eleven primary planets re- 
volve, accompanied with eighteen secondaries or 
moons,—all in majestic order and harmony, no 
one interrupting the movements of another, but 
invariably keeping the paths prescribed them, and 
performing their revolutions in their appointed 
times. ‘To all these revolving globes, the sun dis- 
penses motion, light, heat, fertility, and other 
unceasing energies, for the comfort and happiness 
of their respective inhabitants—without which, 
perpetual sterility, eternal winter, and eternal 
night, would reign over every region of our globe, 
and throughout surrounding worlds. 

The distance at which the heavenly bodies, par- 
ticularly the sun, are placed from the earth, is a 
manifest evidence of Divine Wisdom. If the sun 
were much nearer us than he is at present, the 
earth, as now constituted, would be wasted and 
parched with excessive heat; the waters would be 
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turned into vapor, and the rivers, seas, and oceans, 
would soon disappear, leaving nothing behind 
them but frightful barren dells and gloomy 
caverns; vegetation would completely cease, and 
the tribes of animated nature languish and die. 
On the other hand, were the sun much farther 
distant than he now is, or were his bulk, or 
the influence of his rays diminished one half of 
what they now are, the land and the ocean would 
soon become one frozen mass, and universal deso- 
lation and sterility would overspread the fair face 
of nature; and instead of a pleasant and comfort- 
able abode, our globe would become a frightful 
desert, a state of misery and perpetual punish- 
ment.* But herein is the wisdom of God dis- 
played, that he has formed the sun of such a de- 
terminate size, and placed it at such a convenient 
distance, as not to annoy, but to refresh and cheer 
us, and to enliven the soil with its genial influ- 
ence; so that we plainly perceive, to use the lan- 
guage of the prophet, that “He hath established 
the world by his wisdom, and stretched out the 
heavens by his understanding.” 

The rotation of the several planetary globes 
around their axes, to produce the alternate suc- 
cession of day and night, strikingly demonstrates 
the wisdom and benevolence of their great 
Author. Were the earth and the other planetary 
worlds destitute of a diurnal motion, only one- 
half of their surfaces could be inhabited, and the 
other half would remain a dark and cheerless de- 
sert. The sun would be the only heavenly orb 
which would be recognized by the inhabitants 
of each respective world, as existing in the uni- 
verse, and that scene of grandeur which night 
unfolds in the boundless expanse of the sky would 
be forever vailed from their view. 
to be one grand design of the Creator, in giving 
these bodies a diurnal motion, not only to cheer 
their inhabitants with light and warmth, and the 
gay coloring produced by the solar rays; but also 
to open to them a prospect of other portions of 
his vast dominions, which are dispersed in endless 
variety throughout the illimitable regions of 
space, in order that they may acquire a more sub- 
lime impression of the glory of his kingdom, and 
of his eternal Power and Godhead. But were 
perpetual day to irradiate the planets, it would 
throw an eternal and impenetrable vail over the 
glories of the sky, behind which the magnificent 
operations of Jehovah’s power would be in a 
great measure concealed. It is this circumstance 
which we should consider as the principal reason 
why a rotatory motion has been impressed on the 
planetary globes; and not merely that a curtain 
of darkness might be thrown around their inhabi- 
tants during the repose of sleep, as in the world 
in which we dwell. For, in some of the other 
planetary worlds belonging to our system, the in- 
telligent beings with which they are peopled may 
stand in no need of that nocturnal repose which 
is necessary for man; their physical powers may 
be incapable of being impaired, and their mental 
energies may be in perpetual exercise. And in 





* Tt forms no objection to these remarks, that caloric, or 
the matter of heat, does not altogether depend upon the di- 
rect influence of the solar rays. ‘The substance of caloric 
may be chiefly Connected with the constitution of the globe 
we inhabit. But still it is quite certain, that the earth, 
as presently constituted, would suffer effects most disastrous 
to sentient beings, were it removed much nearer to or much 
farther from the central luminary. Those planets which are 
removed several hundreds of millions of' miles farther from 
the sun than our globe, may possibly experience a degree of 
heat much greater than ours; but, in this case the constitu- 
tion of the solid parts of these globes, and of their surround- 
ing atmospheres, must be very different from what obtains 
in the physical arrangements of our globe. 


For, it appears | 





THE CHRISTIAN PHILOSOPHER. me . 


some of those bodies which are surrounded with 
an assemblage of rings and moons, as the planet 
Saturn, the diversified grandeur of their celestial 
phenomena, in the absence of the sun, may pre- 
sent a scene of contemplation and enjoyment 
far more interesting than all the splendors of their 
noon-day. Beside, had the planets no motion 
round their axes, and wére both their hemispheres 
supposed to be peopled with inhabitants, their 
physical state and enjoyments would be as oppo- 
site to each other, as if they lived under the 
government of two distinct independent beings. 
While the one class was basking under the splen- 
dors of perpetual day, the other would be involved 
in all the horrors of an everlasting night. While 
the one hemisphere would be parched with exces- 
sive heat, the other would be bound in the fetters 
of eternal ice; and in such a globe as ours, the 
motion of the tides, the ascent of the vapors, the 
currents of the atmosphere, the course of the 
winds, the benign influences of the rains and 
dews, and a thousand other movements, which 
produce so many salutary and beneficial effects, 
would be completely deranged. Hence we find, 
that in all the planetary bodies on which spots 
have been discovered, a rotatory motion actually 
exists,* in the secondary as well as in the primary 
planets, and even in the sun itself, the center and 
the mover of the whole: in which arrangement 
of the Almighty Creator, the evidences of wisdom 
and design are strikingly apparent. 

This amazing scene of Divine workmanship 
and skill which the planetary system exhibits, wo 
have reason to believe is multiplied and diversified 
to an indefinite extent, throughout all the other 
systems of creation, displaying to the intelligen- 
ces of every region “the manifold wisdom of 
God.’? For there can be no question, that every 
star we now behold, either by the naked*eye or 
by the help of a telescope, is the center of a sys- 
tem of planetary worlds, where the agency of 
God, and his unsearchable wisdom, may be end- 
lessly varied, and perhaps more strikingly dis- 
played than even in the system to which we 
belong. These vast globes of light could never 
have been designed merely to shed a few glim- 
mering rays on our far distant world: for the ten 
thousandth part of them has never yet been seen 
by the inhabitants of the earth since the Mosaic 
creation, except by a few astronomers of the past 
and the present age; and the light of many of 
them, in all probability, has never yet reached us, 
and perhaps never will until the period of “the 
consummation of all terrestrial things.’ They 
were not made in vain; for such a supposition 
would be inconsistent with every idea we can 
form of the attributes of a Being of infinite per- 
fection. They were not intended merely to diver- 
sify the voids of infinite space with a useless 
splendor which has no relation to intellectual na- 
tures: for this would give us a most distorted and 
inconsistent idea of the eharacter of Him who is 
“the only-wise God; and we are told by an 
authority which cannot be questioned, that “by 
his wisdom he made the heavens, and stretched 
them out by his understanding.” The only ra- 
tional conclusion, therefore, which can be deduced, 
is, that they are destined to distribute illumination 
and splendor, vivifying influence and happiness, 





* On the planet Uranus, or Herschel, no spots or inequali- 
ties of surface have been discovered, on account of its great 
distance from the earth; but spots have been discovered on 
the planets Saturn, Jupiter, Mars, and Venus, by whick 
their diurnal rotations have been ascertained. There can 
be no doubt, however, that Uranus rotates on an axis as 
well as the other planets, although its distance prevents us 
from determining this point by actual observation. 
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among incalculable numbers of intelligent beings, 
of various degrees of physical, moral, and intel- 
lectual excellence. And ‘wherever the Creator 
has exerted his Almighty energies in the produc- 
tion of sensitive and intellectual natures we may 
rest assured, that there also his infinite wisdom 
and intelligence, in an endless variety of arrange- 
ments, contrivances, and adaptations, are unceas- 
ingly displayed. 

But, after all, whatever evidences of contri- 
vance and design the celestial globes may exhibit, 
it is not in the heavens that the most striking dis- 
plays of Divine wisdom can be traced by the in- 
habitants of our world. It is only a few general 
relations and adaptations that can be distinctly 
perceived among the orbs of the firmament; 
though, in so far as we are able to trace the pur- 
poses which they subserve, the marks of beauty, 
order, and design, are uniformly apparent. But 
we are placed at too great a distance from the 
orbs of heaven, to be able to investigate the par- 
ticular arrangements which enter into the physical 
and moral economy of the celestial worlds.- Were 
we transported to the surface of the planet Jupi- 
ter, and had an opportunity of surveying, at lei- 
sure, the regions of that vast globe, and the tribes 
of sensitive and intellectual existence which com- 
pose its population — of cuntemplating’ the rela- 


tions of its moons to the pleasure and comfort of | 


its inhabitants—the constitution of its atmo- 
sphere as to its reflective and refractive powers, in 
producing a degree of illumination to compensate 
for the great distance of that planet from the sun 
—its adaptation to the functions of animal life— 
the construction of the visual organs of its inhab- 
itants, and the degree of sensibility they possess, 


corresponding to the quantity of light received | 


from the sun—the temperature of the surface and 
atmosphere of this globe, corresponding to its dis- 
tance from the central source of heat, and to the 
physical constitution of sensitive beings —in 
short, could we investigate the relations which 
inanimate nature, in all its varieties and sublimi- 
ties, bears to the necessities and the happiness of 
the animated existences that traverse its different 
regions, we should, doubtless, behold a scene of 
Divine wisdom and intelligence, far more admira- 
ble and astonishing than even that which is exhi- 
bited in our sublunary world—But since it is im- 
possible for us to investigate the economy of other 
worlds, while we are chained down to this terres- 
trial sphere, we must direct our attention to those 
arrangements and contrivances in the coustitution 
of our own globe, which lie open to our particu- 
lar inspection, in order to perceive more distinctly 
the benevolent designs of Him “in whom we live, 
and move, and have our being.” And here an 
attentive observer will find, in almost every ob- 
ject, when minutely examined, a display of good- 
ness and intelligence, which will constrain him to 
exclaim, “O the depth of the riches, both of the 
wisdom and the knowledge of God!” 

Wisdom, considered as consisting in contriv- 
ance, or the selection of the most proper means in 
order to accomplish an important end, may be ex- 
emplified and illustrated in a variety of familiar 
objects in the scene of nature. 

The earth on which we tread was evidently in- 
tended by the Creator to support man and other 
animals, along with their habitations, and to fur- 
nish those vegetable productions which are neces- 
sary for their subsistence; and, accordingly, he 
has given it that exact degree of consistency which 
is requisite for these purposes. Were it much 
harder than it now is—were it, for example, as 
dense as a rock, it would be incapable of cultiva- 


;all those animated being 
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tion, and vegetables could not be produced from 
its surface. Were it softer it would be insufficient 
to support.us, and we should sink at every step, 
like a person walking in a quagmire. No build- 
ings, such as those we now construct could have 
been supported, and no conveyances such as 
coaches and steam-carriages could have moved 
along its surface. Had this circumstance not 
been attended to in its formation, the earth would 
have been rendered useless as a habitable world for 
hich now traverse its 
different regions. The exact adjustments of the 
solid parts of the globe to the nature and necessi- 
ties of the beings which inhabit it, is therefore an 
instance and an evidence of wisdom. 

The diversity of surface which it everywhere 
presents, in the mountains and vales with which 
it is variegated, indicates the same benevolent con- 
trivance and design. If the earth were divested 
of its mountains, and its surface were everywhere 
uniformly smooth, there would be no rivers, 
springs, or fountains; for water can flow only 
from a higher to a lower place; the vegetable 
tribes would droop and languish; man and other 
animals Would be deprived of what is necessary 
for their existence and comfort; we should be 
destitute of many useful stones, minerals, plants, 
and trees, which are now produced on the surface 
and in the interior of mountains; the sea itself 
would become a stagnant marsh, or overflow the 
land; and the whole surface of nature in our ter- 
restrial sphere would present an unvaried scene 
of dull uniformity. Those picturesque and sub- 
lime scenes which fire the imagination of the 
poet, and which render mountainous districts so 
pleasing to the philosophic traveler, would be 
completely withdrawn; and all around, when 
compared with such diversified landscapes, weuld 
appear as fatiguing to the eye as the vast solitudes ~ 
of the Arabian deserts, or the dull monotony of 
the ocean. But, in consequence of the admirable 
distribution of hills and mountains over the sur- 
face of our globe, a variety of useful and orna- 
mental effects is produced. Their lofty summits 
are destined by Providence to. arrest the vapors 
which float in the regions of the air; their inter- 
nal cavities form so many spacious basins for the 
reception of water distilled from the clouds; they 
are the original sources of springs and rivers, 
which water and fertilize the earth; they form im 
mense magazines, in which are deposited stones, 
metals, and minerals, which are of so essential 
service in the arts that promote the comfort of 
human life; they serve for the production of a vust 
variety of herbs and trees; they arrest the pro 
gress of storms and tempests; they afford shelter 
and entertainment to various animals which min- 
ister to the wants of mankind: in a word, they 
adorn and embellish the face of nature—they form 
thousands of sublime and beautiful landscapes, 
and afford from their summits the most delightful 
prospects of the plains below. All these cireum- 
stances demonstrate the consummate wisdom of 
the Great Architect of nature, and lead us. to con- 
clude, that mountains, so far from being rude 
excrescences of nature, as some have’ asserted, 
form an essential part of the constitution, not 
only of our globe, but of all habitable worlds.—+ 
And this conclusion is confirmed, so far as our 
observation extends, with regard to the moon, and 
several of the planetary bodies which belong to 
our system, whose surfaces are found to be di- 
versified by sublime ramifications of mountain 
scenery; which circumstance forms one collateral 
proof, among many others, that they are the 
abodes of sentient and intellectual beings. 
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Again, the coloring which is spread over the 
face of nature indicates the wisdom of the Deity. 
It is essential to the present mode of our exist- 
ence, and it was evidently intended by the Crea- 
tor, that we should be enabled easily to recognize 
the forms and properties of the various objects 
with which we are surrounded. But were the 
objects of nature destitute of color, or were 
the same unvaried hue spread over the face of 
creation, we should be peinte of all the enter- 
tainments of vision, and be at a loss to distinguish 
one object from another. We should be unable 
to distinguish rugged precipices from fruitful hills 
—naked rocks from human habitations—the trees 
from the hills that bear them—and the tilled from 
the unfilled lands. “We should hesitate to pro- 
nounce whether an adjacent inclosure contains a 
piece of pasturage, a plot of arable land, or a field 
of corn; and it would require a little journey, and 
a minute investigation, to determine such a point. 
We could not determine whether the first person 
we met were a soldier in his regimentals, or a 
swain in his Sunday suit; a bride in her orna- 
ments, or a widow in. her weeds.’’ Sugh would 
have been the aspect of nature, and such" the in- 
conveniences to which we should have been sub- 
jected, had God allowed us light, without the dis- 
tinction of colors. We could have distinguished 
objects only by intricate trains of reasoning, and 
by circumstances of time, place, and relative po- 

-Sition. And to what delays and_perplexities 
should we have been reduced, had we been ob- 
liged every moment to distinguish one thing from 
another by reasoning? Our whole life must then 
have been employed rather in study than in ac- 
tion; and after all, we must have remained in 
eternal uncertainty as to many things which are 
now quite obvious to every one as soon as he 
opens his eyes. We could neither have com- 
municated our thoughts by writing, nor have de- 
rived instruction from others through the medium 
of books; for it is the contrast of different colors 
which enables us to distinguish the letters, words, 
and sentences, in a written or printed book—so 
that we should now have been almost as ignorant 
of the transactions of past ages, as we are of 
the events which are passing in the planetary 
worlds; and, consequently, we could never have 
enjoyed a written revelation from Heaven, nor 
any other infallible guide to direct us in the path 
to happiness, if the Almighty had not distinguish- 
ed the rays of light, and painted the objects 
around us with a diversity of colors,—so essen- 
tially connected are the minutest and the most 
magnificent works of Deity. But now, in the 
present constitution of things, color characterizes 
the class to which every individual belongs, and 
indicates, upon the first inspection, its respective 
quality. Every object wears its peculiar livery, 
and has a distinguishing mark by which it is cha- 
racterized, 

The different hues which are spread over the 
scenery of the world are also highly ornamental 
to the face of nature, and afford a variety of plea- 
sures to the eye and the imagination. It is this 
circumstance which adds a charm to the fields, 
athe valleys, and the hills, the lofty mountain, the 
winding river, and the expansive lake; and which 
gives a splendor and sublimity to the capacious 
vault of heaven. Color is therefore an essential 
requisite to every world inhabited by sensitive be- 
ings; and we know, that provision has been made 
for diffusing it throughout all the globes which 
may exist in the distant regions which our tele- 
scopes have penetrated; for the light which radi- 
ates from the most distant stars is capable of be- 
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ine eeyineated into the prismatic colors, similar to 
those which are produced by the solar rays; which 
furnishes a presumptive proof, that they are in- 
tended to accomplish designs, in their respective 
spheres, analogous to those which light subserves 
in our terrestrial habitation,—or, in other words, 
that they are destined to convey to the minds of 


psentient beings, impressions of light and color; 


and consequently, beings susceptible of such 
impressions must reside within the sphere or 
more immediate influence of these far distant 
orbs. 

The same benevolent design is apparent in the 
general color which prevails throughout the scene of 
sublunary nature. Had the fields been clothed 
with hues of a deep red, or a brilliant white, the 
eye would have been dazzled with the splendor of 
their aspect. Hada dark blue or a black color 
generally prevailed, it would have cast a universal 
gloom over the face of nature. But an agreeable 
green holds the medium between these two ex- 
tremes, equally remote from a dismal gloom and 
excessive splendor, and bears such a relation to 
the structure of the eye, that it refreshes instead 
of tiring it, and supports instead of diminishing 
its force. At the same time, though one general 
color prevails over the landscape of the earth, it 
is diversified by an admirable variety of shades, 
so that every individual object in the vegetable 
world can be accurately distinguished from an- 
other; thus producing a beautiful and variegated 
appearance over the whole scenery of nature.— 
“Who sees not, in all these things, that the hand 
of the Lord hath wrought this?” 4 

If from the earth we turn our attention to the 
waters, we shall perceive similar traces of the ex- 
quisite wisdom and skill of the Author of nature. 
Water is one of the most essential elementary 
parts in the constitution of our globe; without 
which the various tribes of beings which now 
people it could not exist. It supplies a necessary 
beverage to man, and to all the animals that peo- 
ple the earth and the air. It forms a solvent for 
a great variety of solid bodies; it is the element 
in which an infinitude of organized beings pass 
their existence; it acts an important part in con- 
veying life and nourishment to all the tribes of 
the vegetable kingdom, and gives salubrity to the 
atmospherical regions. Collected in immense 
masses in the basins of the sea, it serves as a ve- 
hicle for ships, and as a medium of communica- 
tion between people of the most distant lands.— 
Carried along with a progressive motion over the 
beds of streams and of rivers, it gives a brisk im- 
pulse to the air, and prevents the unwholesome 
stagnation of vapors; it receives the filth of popu- 
lous cities, and rids them of a thousand nuisances. 
By its impulsion, it becomes the mover of a mul- 
titude of machines; and, when rarified into steam, 
it is transformed into one of the most powerful 
and useful agents under the dominion of man.— 
All which beneficial effects entirely depend on the 
exact degree of density, or specific gravity, which 
the Creator has given to its constituent parts. 
Had it been much more rarified than it is, it 
would have been altogether unfit to answer the 
purposes now specified; the whole face of the 
earth would have been a dry and barren waste; 
vegetable nature could not have been nourished; 
our floating edifices could not have been support- 
ed; the lightest bodies would have sunk, and all 
regular intercourse with distant nations woula 
have been prevented. On the other hand, had 
its parts been much denser than they are,—for 
example, had they been of the consistency of a 
thin jelly, similar disastrous effects would have 
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inevitably followed; no ships could have plowed 
the ocean —no refreshing beverage would have 


been supplied to the animal tribes—the absorbent 


vessels of trees, herbs, and flowers, would have 
been unable to imbibe the moisture requisite for 
their nourishment, and we should thus have’ been 
deprived of all the beneficial effects we now de- 
rive from the use of that liquid element, and of 
all the diversified scenery of the vegetable world. 
But the configuration and consistency of its parts 
are so nicely adjusted to the constitution of the 
other elements, and to the wants of the sensitive 
and vegetable tribes, as exactly to subserve the 
ends intended in the system of nature. 

Water has been ascertained to be a compound 
body, formed by the union of two different kinds 
of air—oxygen and hydrogen. It has the property 
of becoming, in cértain cases, much lighter than 
air; though, in its natural liquid state, it is 800 
times heavier than that fluid; and has also the 

roperty of afterward resuming its natural weight. 
ere it not for this property, evaporation could 


not be produced; and, consequently, no clouds, 


rain, nor dew could be formed, to water and ferti- 
lize the different regions of the earth. But in 
consequence of this wonderful property, the ocean 
becomes an inexhaustible cistern to our world. 
From its expansive surface are exhaled those va- 
pors which supply the rivers and nourish the 
vegetable productions of every land. ‘The air 
and the sun,”’ says an elegant writer, “constitute 
the mighty engine which works without inter- 
mission to raise the liquid treasure; while the 
elouds serve as so many aqueducts to convey 
them along the. atmosphere, and distribute them 
at seasonable periods, and in regular proportions, 
through all the regions of the globe.” 
Notwithstanding the properties now stated, mo- 
tion was still requisite, to insure all the advantages 
we now derive from the liquid element. Had the 
whole mass of waters been’ in a stagnant state, a 
thousand inconveniences and disastrous conse- 
quences would have inevitably ensued. But the 


All-wise Creator has impressed upon its various 


masses.a circulating motion, which preserves its 
purity and widely extends its beneficial influence. 
The tills pour their liquid stores into the rivers; 
the rivers roll their watery treasures into the 
ocean; the waters of the ocean, by a libratory 
motion, roll backward and forward every twelve 
hours, and by means of currents and the force of 
winds, are kept in constant agitation. “By the 
solar heat, a portion of these waters is carried 
up into the atmosphere, and, in the form of clouds, 
is conveyed by the winds over various regions; 
until at last it descends in rain and dew, to suppl 
the springs * which run among the hills.’ So 
that there is a ‘constant motion and circulation of 
the watery element, that it may serve as an agent 
for carrying forward the various processes of na- 
ture, and for ministering to the wants of man and 
beast. : 

In fine, were the waters in a state of perpetual 
stagnation, the filth of populous cities would be 
accumulated to.a most unwholesome degree; the 
air would be filled with putrid exhalations, and 
the vegetable tribes would languish and die 
Were they deprived of the property of being eva- 
porated (in which state they occupy a space 1600 
times greater than in their liquid state), rain and 
dew could never be produced, and the earth would 
be turned into “a dry and parched wilderness;’’ 
neither grass nor corn could be sufficiently dried 
to lay up for use; our clothes, when washed, could 
never be dried; and a variety of common opera- 
tions which now conduce to our convenience and 


Vot. II1.—3 





, 3l 


comfort, could never be carried on. But the in- 
finite wisdom of the Creator, foreseeing all the 
effects which can possibly arise from these prin- 
ciples, of nature, has effectually provided against 
such disasters, by arranging all things in number, 
weight, and measure, to subserve the beneficial 
ends for which they were ordained. ‘ He causeth 
the vapors to ascend from the ends of the earth;”” 
“he sendeth the springs into the valleys, which 
run among the hills. They give drink to every 
beast of the field; the wild asses quench their 
thirst. By them the fowls of heayen have their 
habitation, which sing among the branches. He 
watereth the hills from his chambers: the earth is 
satisfied with the fruit of his works.” 

Let us now attend to the atmosphere, in the con- 
stitution of which the wisdom of God is no less 
conspicuous than in-the other departments of 
nature. 

The atmosphere is one of the most essential ap- 
pendages of the globe we inhabit, and exhibits a 
most striking scene of Divine skill and omnipo- 
tence. The term atmosphere is applied to the 
whole mass ‘of fluids, consisting of ‘air, vapors, 
electric fluid, and other matters, which surround 
the earth to a certain hight. This mass of fluid 
matter gravitates to the earth, revolves with it in its 
diurnal rotation, and is carried along with it in its 
course round the sun_every year. It has been 
computed to extend about 45 miles above the 
earth’s surface, and it presses on the earth with 
a force proportioned to its hight and density. 
From experiments made by the barometer, it has 
been ascertained that it presses with a weight of 
about 15 pounds on every square inch of the 
earth’s surface; and, therefore, its pressure on, the 
body of a middle-sized man is equal to about 
32,000 pounds, or 14 tons avoirdupois, a pressure 
which would be insupportable, and even fatal, 
were it not equal in every part, and: counterba- 
lanced by the spring of the air within us. The 
pressure-of the whole atmosphere upon the earth 
is computed to be equivalent to that of a globe of 
lead 60 miles in diameter, or about 5,000,000,000,- 
000,000 tons; that is, the whole mass of air which . 
surrounds the globe compresses the earth with a 
force or power equal to that of five thousand mil- 
lions of miilions of tons.* This amazing pressure 
is, however, essentially necessary for the preserva- 
tion of the present constitution of our globe, and 
of the animated beings which dwell on its sur- 
face. It prevents the heat of the sun from con- 
vertirig water, and all other fluids on the face of 
the earth, into vapor; and preserves the vessels 
of all organized beings in due tone and vigor. 
Were the atmospherical pressure entirely re- 
moved, the elastic fluids contained in the finer 
vessels of men and other animals, would inevita- 
bly burst them, and life would become extinct; + 





*See Appendix, Note II. : 

+The necessity of the atmospherical pressure, for the 
‘comfort and preservation of animal life, might be illustrated 
by the effects experienced by those who have ascended to 
the summits of very high mountains, or who have been car- 
ried to a great hight above the surface of the earth in bal- 
loons. Acosta, in his relation ofa, journey among the 
mountains of, Peru, states that “he and his companions 
were surprised with such extreme pangs of straining and 
vomiting, not without casting up of blood too, and with so 
violent a distemper, that they would undoubtedly have died 
had they remained two or three hours longer in that elevated 
situation.” Count Zambeccari and his companions, who 
ascended in a balloon on the 7th of November, 1783, to a 
great hight, found their hands and feet so swelled, that it 
was necessary for a surgeon to make incisions in the skin. 
In both the’ cases now stated, the persons ascended to so 
great a hight that the pressure of the atmosphere was not 
sufficient to counterbalance the pressure of the fluids of the 
body. 
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and most of the substances on the face of the 
earth, particularly liquids, would be dissipated 


into vapor. 

The atmosphere is now ascertained to be a com- 
pound substance, formed of two sary different in- 
predients, termed oxygen gas and nitrogen gas. 
; ae measures of atmospheric air, 21 are oxy- 
gen, and 79 nitrogen. The one, namely, oxygen, 
is the principle of combustion and the vehicle of 
heat, and is absolutely necessary for the support 
of animal life, and is the most powerful and ener- 
getic.agent in nature; the other is altogether in- 
capable of supporting either flame or animal life. 
Were we to breathe oxygen air, without any 
mixture or alloy, our animal spirits would be 
raised, and the fluids in our bodies would circu- 
late with greater rapidity; but we would soon 
infallibly perish by the rapid and unnatural accu- 
mulation of heat in the animal frame. If the 
nitrogen were extracted from the air, and the 
whole.atmosphere contained nothing but oxygen 
or vital air, combustion would not proceed in that 
gradual manner which. it now does, but with the 
most dreadful and irresistible rapidity: not only 
wood and coals, and other substances now used 
for fuel, but even stones, iron, and-other metallic 
substances, would blaze with a rapidity which 
would carry destruction through the whole ex- 
panse of nature... If even the proportions of the 
two airs were materially altered, a variety of per- 
nicious effects would instantly be produced. If 
the oxygen were less in quantity than it now is, 
fire would lose its strength, candles would not 
diffuse-a sufficient light, and animals would per- 
form their vital functions with the utmost diffi- 


culty and pain. On the other hand, were the 


nitrogen diminished and the oxygen inereased, the 
air taken in by respiration would be more.stimu- 
lant, and the circulation of the animal fluids 
would become accelerated; but the tone of the 
vessels thus stimulated to. increased action, would 
be destroyed by too great an excitement, and the 
body would inevitably waste and decay. Again, 
were the oxygen completely extracted from the 
atmosphere, and nothing but nitrogen to remain, 
fire and flame would be extinguished, and in- 
stant, destruction would be carried throughout 
all the departments of vegetable and animated 
nature. For a lighted taper will not burn for 
a single moment in nitrogen gas, and if an 
animal be plunged into it, it is instantly suf- 
focated. . 

Again, not only the extraction of any one of 
the component parts of the atmosphere, or the 
alteration of their respective proportions, but even 
the slightest increase or diminution of their spe- 
cific gravity, would be attended with the most dis- 
astrous effects. The nitrogen is found to be a 


little lighter than common air, which enables it, 


to rise toward the higher regions of the atmos- 
phere. In breathing, the air which is evolved 
from the lungs, at every expiration, consists 
chiefly of nitrogen, which is. entirely unfit to be 
breathed again, and’ therefore rises above ‘our 
heads before tho next inspiration. Now, had 
nitrogen, instead of being a little lighter, been a 
slight degree heavier than common air, or of the 
same specific ‘gravity, it would have accumulated 
on the surface of the earth, and particularly in 
our apartments, to such a degree as to have pro- 
duced diseases, pestilence, and death, in rapid 
succession. But being a little lighter than the 
surrounding air, it flies upward, and we never 
breathe it again, until it enters into new and salu- 
tary combinations. Such is the benevolont skill 
which the Author of Nature has displayed, for 


so profuse, that no idea can be formed of it. 
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promoting the comfort end 
everything that lives.’’ * / , 

Further, were the air colored, or were its parti- 
cles much larger .than they are, we could~ never 
obtain a distinct view of gny other object. The 
exhalations which rise from the earth, being ren- 
dered visible, would disfigure the rich landscape 
of the universe, and render life disagreeable. But 
the Almighty by rendering the air invisible, has 
enabled us not only to take a delightful and dis- 
tinct survey of the objects that surround us, but 
has vailed from our view the gross humors inces- 
santly perspired from animal bodies, the filth 
exhaled from kitchens, streets, and sewers, and 
every other object’ that would excite disgust. 
Again, were the different portions of the atmosphere 
completely stationary, and not susceptible of agita- 
tion, all nature would soon be thrown into confu- 
sion. The vapors whichare exhaled from the sea 
by the heat of thé sun, would be suspended, and 
remain forever fixed over those places from 
whence they arose. For want of this agitation 
of the air, which now scatters and disperses the 
clouds over every. region, the sun would con- 
stantly scorch some districts, and be forever hid 
from others; the balance of nature would be de- 
stroyed; navigation, as it has hitherto been carried 
on by the agency of winds, would be useless, and 
we could no longer enjoy the productions of dif- 
ferent climates. In fine, were the atmosphere 
capable of’ being frozen, or converted into a solid 
mass, as all other fluids are (and we know no 
reason why it'should not be subject to congela- 


tion but the will of the reaiery the lives of 


preservation of 


every animal in the air, the wate nd the earth, 
would, in a few, moments, be mpletely extin- 
guished. But the admirable adjustment of every 
circumstance, in relation, to, this useful element, 
produces all the beneficial effects which we now 
experience, and strikingly demonstrates, that. the 
Intelligent Contriver of all things is “ wonderful 
in. counsel, and excellent in working.”’ 

From the instances now stated, we may plainly 
perceive, that if the Almighty had not a particw- 
lar regard to the happiness of his intelligent off- 
spring, and to the comfort of every animated 
existence, or, if he wished to inflict summary 
punishment on a wicked world, he.could easily 
effect, by a very slight change in the constitution 
of the atmosphere, the entire destruction of: the 
human race, and the entire conflagration of the 
great globe they inhabit,—throughout all its ele- 
mentary regions. He has only to extract, one, of 
its constituent parts,—the nitrogen from the oxy- 
gen gas,—and the grand catastrophe is at once 
accomplished. With what a striking propriety 
and emphasis, then, do the inspired writers de- 
clare, that “in Him we live, and move, and have 
our being;’? and that “in His hand is the soul 





* The necessity of atmospherical air for the support of life 
was strikingly exemplified in the fate of the unhappy men 
who died in the Black-hole of Calcutta. On the 20th of 
June, 1756, about eight o’clock in the evening, 146 mén were 
forced, at the point of the bayonet, into a dungeon only 18 
feet square. They had been but a few minutes confined in 
this infernal prison, before every one fell into a perspiration 
This brought 
on a raging thirst, the most difficult respiration, and an ont- 
rageous delirium. Such was the horror of their situation, 
that every insult that could be devised against the guard 
without, and all the opprobrious names that the Viceroy and 
his officers could be loaded with, were repeated, to: provoke 
the guard.to fire upon them, and terminate their sufferings. 
Before eleven o’clock the same evening, one-third of the 
men were dead: and before six next morning, only 23 came 
out alive; but most of them ina high putrid fever, All these 
dreadful effects were occasioned by the want of atmospheric 
air, and by their breathing a superabundant quantity of the 
nitrogen emitted from their lungs. 
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of every living thing, and the breath of all man- 
kind.” ‘ ; ; 

A great variety of other admirable propesties is 
possessed by the atmosphere, ~of which I shall 
briefly notice ‘only the following :—It is the vehi- 
cle of smells, by which we become acquainted 
with the qualities of the food which is set before 
us, and learn to avoid, those places which are 
damp, ‘unwholesome, and dangerous. It -is the 
medium of sounds, by means of which knowledge 
is conveyed to our minds. Its undulations, like 
sO many couriers, run forever backward and for- 
ward, to conyey our thoughits to others, and theirs 
to us; and to bring news of transactions which 
frequently occur at a considerable distance. A 
few strokes on a large bell, through the ministra- 
tion of the air, will convey signals of distress, or 
of joy, in'a quarter of a minute, to the popula- 
tion of a city containing a hundred thousand 
inhabitants. .So that the air may be considered as 
the conveyer of the thoughts of mankind, which 
are the cement’ of society. It transmits to our 
ears all the harmonies of music, and’ expresses 
every passion of the soul; it swells the’ notes of 
the nightingale, and distributes alike to every ear 
the pleasures which arise from the harmonious 
sounds of a concert. It produces the blue color 
of the sky, and is the cause of the morning and 
evening twilight, by its property of bending the 


rays of light, and ‘reflecting them in all direc-, 


tions., It forms an essential requisite for carrying 
on al] the processes of’ the vegetable kingdom, 
and serves for the production of ‘clouds, rain, and 
dew, which nourish and fertilize the earth. In 
short, it would be impossible to enumerate all the 
advantages we’ derive from this noble appendage 
to our world: Were the earth divested of its 
atmosphere, or were only two or threé of its pro- 
perties changed: or destroyed, it would be left 
altogether unfit@for the habitation of sentient 
beings. Were it divested of its undulating’ quali- 
ty, we should be deprived of all the advantages 
of. speech and conversation—of all the melody of 
the feathered songsters, and of all the pleasures of 
music: and, like the deaf and dumb, we could 
have no power of communicating our thoughts 
but by visible signs. Were it deprived of its re- 
flective powers, the sun would appear in one part 
of the sky in dazzling brightness, while all around 
would appear as dark as midnight, and the stars 
would be visible at. noon-day. Were it deprived 
of its refractive powers, instead of the gradual 
upproach of the day and the night, which we now 
experience—at sunrise, we should be transported 
all at once from midnight darkness to the splendor 
of noon-day: and, at sunset, should make as sud- 
den a transition from the splendors of day to all 
the horrors of midnight, which would bewilder 
the travelerin his journey, and strike the creation 
with amazement. In fine, were the exygen of’ 
the atmosphere completely extracted, destruction 
would seize on all the tribes of the living world 
throughout every region of earth, air, and sea. 
Omitting, at present, the consideration of an 
indefinite variety of other particulars, which sug- 
gest themselves on’ this subject, I shall just notice 
one circumstance more, which has a relation both 
to the waters and to the atmosphere. It is a well 
known law of nature, that all bodies are expanded 
by heat, and contracted by cold.. There is only 
one exception to this law: which exists in the 
economy of our globe, and that is, the expansion 
of water in the act of freezing. While the parts 
of every other body are reduced in bulk, and their 
specific gravity increased by the application of 
cold; water, on the contrary, when congealed 
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into ice, is increased in bulk, and becomes’ of 3 
less specific gravity than the, surrounding water 
and, therefore, swims upon its surface. Now 
had the case been otherwise; had water,’ when 
deprived of ortion of its heat, followed the 
general law of nature, and, like all’ other bodies, 
become spoeitically heavier than it was beforaphe 
present constitution of nature would have been ma- 
terially deranged, and many of our present com- 
forts and even our very existence, would have 
been endangered. At whatever time the tempera- 
ture of the atmosphere became reduced to 32° of 
the common thermometer, or to what is called 
the freezing point, the water on the surface of 
our rivers and lakes would have been Converted 
into a layer of ice; this layer would have sunk to 
the bottom as it froze; another layer of ice would 


have been immediately produced, which would 


also have sunk’ to the former layer, and so on in 
succession, until in the course of time all our 
rivers from the surface to the bottom, and every 
other portion of water capable of being frozen, 
would have been converted into solid masses of 
ice, which all the heat of summer could never 
have melted. We should have been deprived of 
most of the advantages we now derive from the 
liquid element, and in: a short time, the face of 
nature would have been transformed into a frozen 
chaos. But in the existing constitution of things, 
all such dismal ‘effects are prevented, in’ conse- 
quence of the Creator having subjected the waters 
toa law contrary to that of other fluids, by means 
of which the frozen water swims upon the sur- 
face, and preserves the cold from’ penetrating to 
any great depth in the subjacent fluid; and when 
the heat of the atmosphere is: increased, it is 
exposed to its genial influence, and is ‘quickly 
changed into its former liquid state. How ad- 
mirably, then, does this exception to the. general 
law of nature display the infinite intelligence of 
the Great Contriver of all things, and his provi-- 
dential care for the comfort of his creatures, when 
he arranged and established the economy of nature.. 


VARIETY OF NATURE. 


As a striking evidence of Divine Intelligence, 
we may next consider the immense variety which 
the Creator has introduced into every department v 
the material world. eyes. nen ait 

In every region on the surface of the globe, an 
endless multiplicity of objects, all differing from 
one another in shape, color, and motion, present 
themselves to the view of the beholder. Moun- 
tains covered with’ forests,’ hills clothed with 
verdure, spacious plains adorned with vineyards, 
orchards, and waving grain; naked rocks, abrupt 
precipices, extended vales, deep dells, meandering 
rivers, roaring cataracts, brooks and rills, lakes 
and gulfs, bays and promontoriés, seas and oceans, 
caverns and grottoes—meet the eye of the student 
of Nature, in every country, with a variety which 
is at, once beautiful and majestic. Nothing can 
exceed the variety of the vegetable kingdom, which 
pervades all climates, and almost every portion of 
the dry land, and of the bed of the ocean. The 
immensé collections of Natural’ History which 
are to be séen in the Museum at Paris show, that 
botanists are already acquainted with nearly fifty- 
six thousand different species of plants.* And 
yet, it is probable, that these form but a very 
small portion of what actually exists, and that 
several hundreds of thousands of species remain 
to be explored by the industry of future ages: for 





* Edinburgh Philosophical Journal, July, 1822, p. 48. 
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by far the greater part of the vegetable world still 
remains to be surveyed by the scientific botanist. 
Of the numerous tribes of vegetable nature which 
flourish in the interior of Africa and America, 
in the immense islands of New Holland, New 
Guinea, Borneo, Sumatra, Java, Ceylon, Mada- 
gascar, and Japan; in the vast regions of ‘Tartary, 
Thibet, Siberia, and the Birman empire, in the 
Philippines, the Moluccas, the Ladrones, the Ca- 
rolinas, the Marquesas, the Society, the Geer- 
gian, andin thousands of other islands which are 
scattered over the Indian and Pacific oceans— 
little or nothing is known by the Naturalists of 
Hurope; and yet it is a fact which admits of no 
dispute that every country hitherto explored pro- 
duces a variety of species of plants peculiar to 
itself; and those districts in Europe which have 
been. frequently surveyed, present. to every suc- 
ceeding explorer a new field of investigation, and 
reward his industry with new discoveries of the 
beauties and varieties of the vegetable kingdom. 
It has been conjectured by some Naturalists, on 
the ground ‘of a multitude of observations, that 
“there is not a square league of earth, but what 
presents some one plant peculiar to itself, or, at 
least, which thrives there better, or appears more 
beautiful, than in any other part of the world.’ 
This would make the number of species of vege- 
tables to amount to as many millions as there are 
of square leagues on the surface of the earth— 
that is, to more than twenty-one millions. 

Now every one of these species of plants differs 
from another, in its size, structure, form, flowers, 
leaves, fruits, mode of propagation, color, medici- 
nal virtues; nutritious qualities, internal vessels, 
and the odors it exnales. They are of all sizes, 
from the microscopic niushroom, invisible to the 
naked eye, to the sturdy oak and the cedar of Le- 
banon,,and from the slender willow to the Banian 
tree, under whose shade 7000 ay find 
ample room to repose. A thousand different 
shades of color distinguish the different species. 
Every one wears its peculiar livery, and is dis- 
tinguished by its own native hues; aud many of 
their inherent beauties can be distinguished only 
by the help of the microscope. Some grow up- 
right, others creep along in a serpentine form. 
Some flourish for ages, others wither and decay 
ima few months; some spring up in moist, others 
in dry soils; some turn toward the san, others 
shrink and contract when we approach to touch 
them. Not only are the different species of plants 
and flowers distinguished from each other by their 
different forms, but even the different individuals 
of the same species. Ina bed of tulips or carna- 
tions, for example, there is scarcely a flower in 
which some difference may not be observed in its 
structure, size, or assemblage of colors; nor can 







any two flowers be found in which the shape and | 


shades are exactly similar. Of all. the hundred 
thousand millions of plants, trees, herbs, and 
flowers, with which our globe is variegated, there 
are not, perhaps, two individuals precisely alike, 
in every point of view in which they may be 
contemplated; yea, there is not, perhaps, a single 
leaf in the forest, when minutely examined, that 
will not be found to differ, in certain aspects, 
from its fellows. Such, is the. wonderful and 
infinite diversity with which the Creator has 
adorned the vegetable kingdom. 

His wisdom is also evidently displayed in this 
vast profusion of vegetable nature—in adapting 
each plant to the soil and situation in which it.is 
destined to flourish—in furnishing it with those 
vessels by which it absorbs the air and moisture 
on which it feeds—and in adapting it to the na- 
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ture and necessities of animated beings. As the 
earth teems with animated existence, and as the 
different tribes of animals depend chiefly on the 
productions of the vegetable kingdom for their 
subsistence, so there is an abutliince and a va- 
riety of plants adapted to the peculiar constitu- 
tion of every individual species. This circum- 
stance demonstrates, that there is a precontrived 
relation and fitness between the internal constitu- 
tion of the animal, and the nature of the plants 
which afford it nourishment; and shows us that 
the animal and the vegetable kingdoms are the 
workmanship of one and the same Almighty Be- 
ing, and that, in his arrangements with regard to 
the one, he had in view the necessities of the other, 

When we direct our attention to the tribes of 
animated nature, we behold a scene no less varie- 
gated and astonishing. Above fifty thousand spe- 
cies of animals have been detected and described 
by Naturalists, beside several thousands of spe- 
cies which the naked eye cannot discern, and 
which people the invisible regions of the waters 
and the air. And as the greater part of the globe 
has never yet been thoroughly explored, several 
hundreds, if not thousands, of species unknown 
to the scientific world, may exist in the depths of 
the ocean, and in the unexplored regions of the 
land. All these species differ from one another 
in color, size, and shape; in the internal structure 


of their bodies, in the number of their sensitive 


organs, limbs, feet, joints, claws, wings, and fins; 
in their dispositions, faculties, movements, and 
modes of subsistence, They 2 e of all sizes, from 
the mite and the gnat up to the elephant and the 
whale, and from the mite downward to those in- 
visible animalcules, a hundred thousand of which 
would not equal a grain of sand. Some fly 
through the atmosphere, some glide through the 
waters, others traverse the solid land. Some 
walk on two, some on four, some on twenty, and 
some on a hundred feet. Some haye eyes furnish- 
ed with two, some with eight, some with a hun- 
dred, and some with eight thousand distinct tran- 
sparent globes, for the purposes of vision.* 
Our astonishment at the variety which appears 
in the animal kingdom is still further increased, 
when we consider not only the diversities which 












* The cycs of beetles, silk-worms, flies, and several other 
kinds of insects, are among the most curious and wonderful 
productions of the God of nature. On the head of a fly are 
two large protuberances, one on each side; these constitute 
its organs of vision. ‘The whole surface of these protube- 
rances is covered with a multitude of small hemispheres, 
placed with the utmost regularity in rows, crossing each 
other in a kindof lattice-work. These little hemispheres 
have each of them a minute transparent convex lens in the 
middle, each of which has a distinct branch of the optie 
nerve ministering to it; so that the different lenses may be 
considered as so many distinet eyes. Mr. Leeuwenhoek 
counted 6236 in the two eyes of a 'silk-worm, when in its 
fly state; 3180 in each eye of a beetle; and 8000'in the two 
eyes of the common fly. Mr. Hooke reckoned 14,000 in the 
eyes of a drone fly; and, in one of the eyes of a dragon fly, 
there have been reckoned 13,500 of these lenses, and conse- 
quently, in both eyes 27,000, every one of which is capable 
of forming a distinct image of any object, in the same man- 
ner as & common convex glass; so that there are twenty: 
seven thousand images formed on the retina of this little 
animal. Mr, Leeuwenhoek having prepared the eye of a 
fly for that purpose, placed it a little farther from his micro. 
scope than when he would examine an object, so as to leave 
a proper focal distance between it and the lens of his mi- 
croscope; and then looked through both, in the manner of a 
telescope, at thesteeple of a church, which was 299 feet 
high, and 750 feet distant, and could plainly see, through 
every little lens, the whole steeple inverted, though not larger 
than the point of a, fine needle; and then directing it toa 
neighboring hoase, saw through many of these little hemi- 
spheres, not only the front of the house, but also the doors 
and windows, and could discern distinetly whether the win- 
dows; were open or shut—such an exquisite piece of Divine 
mechanism transcends all human comprehension, : 


VARIETY OF NATURE. 


ave apparent in their external aspect, but also in 
their internal structure and organization. When 
we reflect on the thousands of movements, ad- 
justments, adaptations, and compensations, which 
are requisite in order to the construction of an 
animal system, for enabling it to perform its in- 
tended functions;—when we consider, that every 
species of animals has a system of. organization 
peculiar to itself, consisting of bones, joints, blood- 
vessels, and muscular motions, differing in a va- 
riety of respects from those of any other spe~ 
cies, and exactly adapted to its various necessities 
and modes of existence;—and when we consider 
still further, the incomprehensibly delicate con- 
trivances, and exquisite borings, polishings, clasp- 
ings, and adaptations, which enter into the or- 
ganization of an animated being ten thousand 
times less than a mite; and that the different spe- 
cies of these animals are likewise all differently 
organized from one another,—we cannot but be 
struck with reverence and ‘astonishment at the 
Intelligence of that Incomprehensible Being who 
afranged the organs of all the tribes of animated 
nature, “who breathed into them the breath of 
life,’ and who continually upholds them in all 
their movements! 

Could we descend into the subterraneous apart- 
ments of the globe, and penetrate into those un- 
known recesses’ which lie toward its center, we 
should doubtless behold a variegated scene of 
wonders, even in those dark and impenetrable re- 
gions. But all the labor and industry of man 
have not hitherto enabled him to penetrate far- 
ther into the be ywels of the earth than the six- 
thousandth part of its diameter, or, about a mile 
and a quarter; so that we must remain forever 
ignorant of the immense caverns and masses of 
matter that may exist, and of the processes that 
may be going on, about ifs central regions. In 
those regions, however, near the surface, which 
lie within the sphere of human inspection, we 
perceive a variety analogous to that which is dis- 
played in the other departments of nature. Here 
we find substances of various kinds formed into 
strata, or layers of different depths—earths, sand, 
gravel, marl, clay, sandstone, freestone, marble, 
limestone, coals, peat, and similar materials. In 
these stratra are found metals and minerals of 
various descriptions—salt, nitrate of potash, am- 
monia, sulphur, bitumen, platina, gold, silver, 
mercury, iron, lead, tin, copper, zinc, nickel, 
manganese, cobalt, antimony, the diamond, ru- 
bies, sapphires, jaspers, emeralds, and a countless 
variety of other substances, of incalculable benefit 
to mankind. Some of these substances are so 
essentially requisite for the comfort of man, that 
without them he would soon degenerate into the 
savage state, and be deprived of all those arts 
which extend his knowledge, and which cheer 
and embellish the abodes of civilized life. ; 

If we turn our eyes upward to the regions of 
the atmosphere, we may also behold a spectacle 
of variegated magnificence. Sometimes the sky 
is covered with sable clouds, or obscured with 
mists; at other times it is tinged with a variety of 
hues, by the rays of the rising or the setting sun. 
Sometimes it presents a pure azure, at other times 
it is diversified with strata of dappled clouds. At 
one time we behold the rainbow rearing its ma- 
jestic arch, adorned with all the colors of light; 
at another, the Aurora Borealis illuminating the 
sky with its fantastic coruscations. At one time 
we behold the fiery meteor sweeping through the 
air, diffusing a sparkling and brilliant light; at 
another, we perceive the forked lightning darting 
from the clouds, and hear the thunders rolling 
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through the sky. Sometimes the vault of heaven 
appears like a boundless desert, particularly about 
the time of the tising and setting of the sun in a 
clear sky; and at other times adorned with an in- 
numerable host of stars, the blazing comet, the 
planets in their courses, and with the moon 
“walking in brightness.” In short, whether we 
direct our view to the vegetable or the animal 
tribes—to the atmosphere, the ocean, the moun- 
tains, the plains, or the subterranean recesses of 
the globe, we behold a scene of beauty, order, and 
variety, which astonishes and enraptures the con- 
templative mind, and constrains us to join in the 
devout exclamations of the Psalmist, “How mani- 
fold are thy works,O Lord! Ih wisdom hast thou 
made them all: the earth ‘is full of thy riches; so 
is the great and wide sea, wherein are things creep- 


‘ing innumerable, both small and great beasts.’ 


This countless variety of objects which appears 


|throughout every department of our sublunary 


system, not only displays the depths of Divine 
Wisdom, but also presents us with a faint idea of 
the infinity of the Creator, and of the immense 
multiplicity of ideas and conceptions which must 
have existed in the Eternal Mind, when the fabric, 
of our globe, and its numerous tribes of inhabit- 
ants, were arranged‘ and brought into existence. 
And if every other world which floats in the im- 
mensity of space, be’ diversified with a similar 
variety of existences, altogether different from 
ours (ds we have reason to believe, from the va- 
riety we already perceive, and from the boundless 
plans and conceptions of the Creator), the human 
mind is lost and confounded, when it attempts to 
form an idea of those endlessly diversified plans, 
conceptions, and views, which must have existed 
during an eternity past in the Divine Mind. When 
we would attempt to enter into the conception of 
so vast and varied operations, we feel our own lit- 
tleness, and the narrow limits of our feeble pow- 
ers, and can exclaim, with the apostle Paul, 
“O the depth of the riches both of the wisdom 
and knowledge of God! how unsearchable are his 
counsels, and his ways (of creation and provi- 
dence) past finding out!” 

This characteristic of variety, which is stamped 
on all the works of Omnipotence, is doubtless in- 
tended to gratify the principle of curiosity, and 
the love of novelty, which are implanted in the 
human breast; and thus to excite rational beings 
to the study and investigation of the works:of the 
Creator; that therein they may behold the glory 
of the Divine character, and be stimulated to the 
exercise of love, admiration, and reverence. Tor, 
as the records of Revelation, and the dispensations 
of Providence, display to us the various aspects of 
the moral character of Deity, so the diversified 
phenomena, and the multiplicity of objects and 
operations which the scenery of nature exhibits, 
present to us a specimen of the ideas, as it were, 
of the Eternal Mind, in so far as they can be 
adumbrated by material objects, and exhibited to 
mortals, through the medium of corporeal organs. 

To convey an adequate conception of the num- 
ber of these ideas, as exhibited on the globe on 
which we live, would baffle the arithmetician’s 
skill, and set his numbers at defiance. We may, 
however, assist our conceptions a little by con- 
fining our attention to one department of nature; 
for example, the AnimaL Kinepom. The number 
of the different species of animals, taking into 
account those which are hitherto undiscovered, 
and those which are invisible to the naked eye, 
cannot be estimated at less than 300,000. In a 
human body there are reckoned about 446 muscles, 
in each of which, according to anatomists, there 
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are at least ten several intentions or due qualifica- 
tions to be observed—its proper figure, its just 
magnitude, the right disposition of its several 


ends, upper and lower, the position of the whole,’ 


the insertion of its proper nerves, veins, arteries, 
etc., so that, in.the muscular system alone, there 
are 4460 several ends or aims to be attended to.— 
The bones are reckoned to be in number about 
245, and the distinet scopes or intentions of each 
of these are above 40; in all, about 9800; so that 
the system of bones and muscles alone, without 
taking any other parts into consideration, amounts 
to above 14,000 different intentions or adaptations. 
If now we suppose, that.all the species of animals 
above stated are differently constructed, and, taken 
one with another, contain, at an average,a system 
of bones and muscles as numerous as in the hu- 
man body—the number of species must be mul- 
tiplied by the number of different aims ‘and. 
adaptations, and the product will amount to 
4,200,000,000. If we were next to attend to the 
many thousands of blood vessels in an animal 
dy, and the numerous ligaments, membranes, 
umors, and fluids of various descriptions, the 
skin with. its millions’ of pores, and every other 
part of an organical system, with the aims and 
intentions of each, we should have another sum 
of many hundreds of millions to be multiplied by 
the former product, in order to express the diver- 
sified ideas which enter into the construction of 
the animal world. And if we still further consider 
that, of the hundreds of millions of. individuals 
belonging to each species, no two individuals ex- 
actly resemble each other—that all the myriads of 
yegetables with which the earth is covered are 
distinguished from each other by some one cha- 
racteristic or another, and that ¢very grain of 
sand contained in the mountains, and in the bed 
of the ocean, as shown. by the icroscope, dis- 
covers a different form and ¢ tion from an- 
other—we are here present an image of 
the infinity of the conceptions of Him in whose 
incomprehensible mind they all existed, during 
countless ages, before the universe was formed. 
To overlook this amazing scene of Divine in- 
telligence, or te consider it as beneath our notice, 
as some have done—if it be not the characteristic 
of impiety, is, at least, the mark of a weak and 







undiscriminating mind. That man who disregards, 


the visible displays of Infinite Wisdom, or who 
neglects to investigate them when opportunity 
offers, acts as if he considered himself already 
possessed of a sufficient portion of intelligence, 
and stood in no need of such sensible assistance 
to direct his conceptions of the Creator, Pride, 
and false conceptions of the naturé and design of 
true religion, frequently lie at the foundation of 
all that indifference and neglect with which the 
visible works of God aré treated by those who 
make pretensions to a high degree of spiritual 
attainments. The truly pious man will trace, 
. with wonder and delight, the footsteps of his Fa- 
ther and his God, wherever they appear in the 
variegated scene of creation around him, and will 
be filled with sorrow and contrition of heart, that, 
amidst his excursions and solitary walks, he has 
so often disregarded «the works of the Lord, and 
the operation of his hands.” 

In fine, the variety which appears on the face 
of nature not only enlarges our conceptions of 
Infinite Wisdom, but is also the foundation of all 
our discriminations and judgments as rational 
beings, and is of the most essential utility in the 
affairs of human society. Such is the variety of 
which the features of the human countenanee are 
susceptible, that it is probable, that no two indi- 
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ar of all the. millions of the race of Adam 


‘that have existed since the beginning of time, 


would be found to resemble each other.. We 
know no two human beings presently existing, 
however similar to each other, bat may be distin- 
guishedjeither by their stature, their forms, or the 
features of their faces; and on the ground of this 
dissimilarity, the various wheels of the machine 
of society move onward, without.clashing or con- 
fusion. Had it been otherwise—had the faces of, 
men, and their organs of speech, been cast exactly 
in the same mold, as would have been the case 
had. the world been framed according to the Epi- 
curean system, by blind chance directing a con- 
course of, atoms, it might have been as difficult to 
distinguish one humian countenance from another, 
as to distinguish the eggs laid by the same hen, or 
the drops of water whieh trickle from the'same ori- 
fice; and consequéntly, society would have been 
thrown into a state of universal anarchy and con- 
fusion. Friends would not have been distinguished 
from enemies, villains from the good and honest, 
fathers from sons, the culprit from the innocent 
person, nor the branches of jthe same family from 
one another, And what a scene of perpetual con- 
fusion and disturbance would thus have been ere- 
ated. Frauds, thefts, robberies, murders, assassi- 
nations, forgeries, and injustice of all kinds, might 
have been daily committed without the least pos- 
sibility of detection. Nay, were even the variety 
of tones in the human. voice, peculiar to each per- 
son, to cease, and the handwriting of all men to 
become, perfectly uniform, a’ itude of distress- 
ing deceptions and perplex ‘be produced 
in the domestic, civil, and ¢ 1 transactions 
of mankind. But the. All-wise and Beneficent 
Creator has prevented all such evils and inconve- 
niences by the character of variety which he- has 
impressed on the human species, and on all his 
works. By the peculiar features of his counte- 
nance, every man may be distinguished in the 
light; by the tones of his voice he may be recog- 
nized in the dark, or when he is separated from 
his, fellows by an impenetrable partition; and his 
handwriting can’ attest his existence and individ- 
uality, when continents and oceans interpose be- 
tween him and his relations, and be a witness of 
his sentiments and purposes to future generations. 







Thus Thave taken a very cursory view of some 
evidences of Divine Wisdom, which appear in the 
general constitution of the earth, the waters, and 
the atmosphere, and in the characteristic of variety, 
which is impressed on all the.objects of the visible 
creation. When these, and other admirable ar- 
rangements in our sublunary system, are seriously. 
contemplated, every rational and pious mind will 
be disposed to exclaim with the Psalmist—* There 
is none like unto thee, O Lord, neither are ther 
any works like unto thy works.’—*Thou art 
great, and dost wondrous things: thou art God 
alone.”—*O that men would praise the Lord for 
his goodness, and for his wonderful works toward 
the children of men!?* 

When we consider not only the utility, but the 
beauty and grandeur of the wise arrangements of 
nature, what reason have we to admire and adore 
the goodnéss of the great Author of our existence? 
Were all the diversities of shape and color, of 
mountains and vales, of rivers and lakes, of light 
and shade, which now embellish the various land- 
scapes of the world, to disappear, and were ono 
unvaried scene perpetually to present itself to the 
eye, how dull, and wearisome, and uninteresting 
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would the aspect of the universe appear'to an in- 
telligent mind! Although the variegated beauties 
which adorn the surface of our globe, and the 
vault of heaven, are not'essential to our existence 
as sensitive beings yet were. they completely 
withdrawn, and nothing presented to the eye but 
a boundless expanse of barren sands, the mind 
‘would recoil upon itself, its activity would be de- 
stroyed, its powers would be confined, as it were, 
to a prison, and it would roam in vain amidst the 
surrounding waste in search of enjoyment. Hven 
the luxuries of a palace, were it possible to pro- 
cure them amidst such a scene of desolation, 
would become stale and insipid, and would leave 
the rational soul almost destitute of ideas and of 
mental energy, to the tiresome round of a cheer- 
Jess existence. But, in the actual state of the 
world we live in, there is no landscape in nature, 
from the icebergs of Greenland to the verdant 
scenes of the Torrid Zone, in which objects, either 
of ‘sublimity or of beauty, in boundless variety, 
are not presented to the view, in ofder to stimulate 
the mind to activity, to gratify its desire of nov- 
elty, and to elevate its conceptions of the Benefi- 
cent Creator. ; 

And if the present constitution of our world 
displays so evident marks of beauty and benevo- 
lent design, now that it is inhabited by an assem- 
blage of depraved intelligences, and its physical 
aspect deformed, in consequence of “ the wicked- 
ness of man,’ what transporting beauties and 
sublimities must it have presented, whem it ap- 
peared fresh from the hand of its Almighty Ma- 
ker, and when ings were pronounced by him 
to be very good! After a deluge of waters has 
swept away many of its primeval beauties; and’ 
has* broken and deranged even its subterranecous 
strata, this terrestrial world still presents to the 
eye a striking scene of beauty, order, and benefi- 
cence. But we have the strongest reason ‘to be- 
lieve, that, before sin had disfigured the aspect of 
this lower world, all was “beauty to the eye, and 
music to the ear’—that “immortality breathed 
in the winds, flowed in the rivers,’ and exhaled 
from every plant and flower. No storms disturbed 
the tranquillity of nature, nor created the least 
alarm in the breasts of its holy inhabitants. No 
earthquakes shook the ground, nor rent the foun- 
dations of nature. No volcanoes vomited their 
rivers of lava, nor overwhelmed the plains with 
deluges of fire. No barren deserts of heath and 
sand disfigured the rich landscape of the world— 
no tempests nor hurricanes tossed the ocean, nor 
scorching heats nor piercing colds, nor pestilence 
nor disease, annoyed the human frame. In the 
paradisaical state of the world, we may reason- 
ably suppose, tliat all the elements of nature con- 
tributed directly to the pleasure and enjoyment 
of man, and of the other tribes of animated na- 
ture; and that they were not subjected as they 
now are, to the operation of those natural agents 
which so frequently spread destruction and ruin 
among the abodes of men. ‘To suppose the con- 
trary to have happened would be inconsistent with 
the state of pure and happy intelligences, and with 
the benignity of the Creator; and would imply, 
that God was either unwilling or unable to re- 
move such physical evils. But we cannot sup- 
pose it beyond the limits of Infinite Wisdom and 
Omnipotence, to create and arrange a world en- 
tirely free from those evils and inconveniences 
which now flow from the operation of certain 
physical agents, without, at the same time, sup- 
posing that his power and intelligence are con- 
fined within certain bounds, beyond which they 
cannot pass. And,, therefore, if, in the existing 
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constitution of things, the harmony of nature is 
occasionally disturbed, and its beauty defaced, by 
earthquakes, storms, and tempests—we must. re- 
member, that the inhabitants of the earth are now 
a depraved race of mortals, no longer dain 
with primeval purity and innocence; and that the 
physical economy of ourglobe has undergone a 
certain derangement, corresponding to the moral 
state of its present occupants.—But since this 
earth, even in its present state of degradation and 
derangement, presents to the view of every be- 
holder so many objects of beauty and magnifi- 
cence, and so numerous traces of Divine Benefi- 
cence—we may reasonably conclude, that scenes 
of Divine Wisdom and Goodness, far more glori- 
ous and transporting, must be displayed in those 
worlds where moral evil has never shed its malign 
influence, and where the inhabitants—superior to 
disease and death—bask forever in the regions of 
immortality. And therefore, however admirable 
the displays of Divine Wisdom may appear in the 
sublunary scene around us, they must be consid- 
ered as inferior to those which are, exhibited - 
many other provinces of Jehovah’s empire, in so. 
far as they are blended with those physical de- 
rangements which indicate his displeasure against 
the sins’ of men. 


Were we now to direct our attention to the 
mechanism of animated beings; and to consider 
the numberless' contrivances and adaptations ‘in 
their organical structure and functions, a thousand 
instances of exquisite wisdom ‘and design, still 
more striking and admirable, would crowd upon 
our view. For, although the general fabric of ‘the 
world, and the immense variety of objects it con- 
tains, are evident proofs of a Wise and Intelligent 
Contriver, yet it is chiefly in the minute and deli- 
cate contriv sof organical structures, their 
adaptation to ‘purposes of life, motion, and 
enjoyment, ar ir relation and correspondence 
to the surrounding elements, that the consummate 
skill of the Great Architect of nature is most 
strikingly perceived. But as it forms no part of 
my present plan to enter on so extensive a field 
of illustration, on which volumes might be writ- 
ten, I shall content myself with merely stating 
an example or two. My first example shall be 
taken from 






THE STRUCTURE OF THE HUMAN EYE. 


The eye is one of the nicest pieces of mechan- 
ism which the human understanding can contem- 
plate; but as it requires a knowledge of its ana- 


tomical structure, and of the principles of optics, 


to enable us to appreciate its admirable functions, 
I shall confine myself to a few general descrip- 
tions and remarks. 

The eye is nearly of a globular form. It con- 
sists chiefly of three coats and three humors. "The 
first or outer coat is termed sclerotica; it is every- 
where white and opaque, and is joined, at its ante- 
rior edge, to another which has more convexity 
than any other part of the globe of the eye, and, 
being exceedingly transparent, is called the cornea. 
These two parts are perfectly different in their 
structure, and are supposed, by some anatomists, 
to be as distinct from each other as the glass of a 
watch is from the case into which it is affixed — 
Next within this coat is that called the choroides, 
on account of its being furnished with a great 
number of vessels. It serves, as it were, for a 
lining to the other, and is joined with that part 
of the eye termed the iris. The iris is an opaque 
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membrane. like the choroides, but of different 
colors in different eyes, as gray, black, or hazel. 
It is composed of two sets of muscular fibers, the 
one of a circular form, which contracts the hole 
in the middle, called the pupil, when the light is 
too strong for the eye; and the other of radial 
fibers, tending everywhere from the circumfe- 
rence of the iris toward the middle of the pupil; 
which fibers, by their contractions, dilate and 
enlarge the pupil, when the light is weak, in order 
to let in more of its rays——The third coat is-called 
the retina, upon which are painted the images of 
all visible objects, by the rays of light which flow 
from them. It spreads like network all over the 
inside of the choroides, and is nothing more than 
a fine expansion of the optic nerve; by which 
nerve the impressions of visible objects are con- 
veyed to the brain. 

The inside of the globe of the eye, within these 
tunics or coats, is filled with three humors called 
the aqueous, the crystalline, and the vitreous. 

e aqueous humor lies at the forepart of the 

, and occupies all the space between the crys- 

ine and the prominent cornea. It has the 
same specific gravity and refractive power as 
water, and seems chiefly of use to prevent the 
crystalliné from being easily bruised by rubbing, 
or by a blow—and perhaps it serves for the 
crystalline humor to move forward in while we 
view near objects; and backward, for remoter 
objects; without which, or some other mechanism 
effecting the same purpose, we could not, accord- 
ing to the law of optics, perceive objects dis- 
tinctly when placed at different distances.—Be- 
hind the aqueous lies the crystalline humor, which 
is shaped like a double convex glass, and is a little 
more convex on the back than on the forepart. 
This humor is transparent like crystal, is nearly 
of the consistence of hard jelly, and converges 
the rays which pass through i 
objects, to its focus at the botte 
the eye—The vitreous ‘humor 
crystalline, and fills up the greater part of the orb 
of the eye, giving it a globular shape. It is nearly 
of the consistence of the white of an egg, and 
very transparent; its forepart is concave, for the 
erystalline humor to lodge, and its: back part 
being convex,.the retina is spread over it. It 
serves as a medium to keep the crystalline hamor 
and the retina at a due distance. From what has 
been now stated, it is obvious,.that the images of 
external objects are depicted on the retina, in an 
inverted position, in the: same manner as the 
images formed by a common convex lens; but 
how the mind,.in this case, perceives objects erect, 
is a question, about which the learned have been 
divided in their opinions.* 

The ball of the eye, as now described, is situ- 
ated in a bony cavity, called its orbit, composed 
by the junction of seven different bones, hollowed 
out at their edges. This cavity is, in all the va- 
cant spaces, filled with a loose fat, which serves 
as a proper medium for the eye to rest in, and as 
a socket in which it may move. It is sheltered 
by the eyebrows, which are provided with hair, 
to prevent the descending sweat of the forehead 
from ‘running down into it. As a still further 
protection to this delicate organ, it is furnished 
with the eyelid, which, like a curtain, is drawn 
over it with inconceivable swiftness, for its secu- 
rity on the approach of danger. It also serves to 









* An idea of the relative positions of the coats and Jnwmors 
described above, may be obtained by a simple inspection of 
the Frontispiece, Fig. 6.—Fig. 5 represents a front view of 
the human eye, as it appears in its natural state, and exhi- 
bits the relative positions of the Cornea, Iris, and Pupil. 
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wipe from it superfluous moisture, and to cover it 
during sleep. In the upper part of its orbit it is 
furnished with a gland,-to supply it with water 
sufficient to wash off dust, and eep its outer 
surface moist;-without which the cornea would 
be less eet and the rays of light would 
be disturbed in their passage; and the superfluous 
.water‘is conveyed to the nose through a perfora- 
tion in the bone. 

For the purpose of enabling the eye to move in 
its socket, six muscles are provided. These are 
admirably contrived to move it in every direction, 
upward. or downward, to the right or to the left, 
or in whatever direction the occasion may require; 
and thus we are spared the trouble of turning our 
heads continually toward the objects we wish to 
inspect. If we want to look upward, one of these 
muscles lifts up the orb of the eye; if we would 
cast our eyes to the ground, another muscle pulls 
them down.. A third muscle moves the globe 
outward toward the temples, and a fourth draws 
it. toward the nose. A fifth, which slides within 
a cartilaginous ring, like a cord over a pulley, and 
is fastened to the globe of the eye in two points, 
makes it roll about at pleasure A sixth lies 
under the eye, and is designed to temper and 
restrain within proper bounds the’ action of the 
rest, to keep it steadily fixed on the object it be- 
holds, and to prevent those frightful contortions 
which otherwise might take place.* By these, 
and a multitude of other mechanical contrivances, 
all acting in harmonious combination, the eye, as 
a natural telescope and mic pe, is made to 
advance, to recede, to move t right, and to 
the left, and in every other dire 3 and to view 
near and distant objects with equal distinctness; 
so that a single eye, by the variety of positions it 
may assume, performs the office of a thousand. 

The utility of these several movements, and the 
pain and inconvenience which would be suffered 
were any of them wanting, can scarcely be 
conceived by anyone whose eyes have always 
remained in a sound state. We are so much 
accustomed to the regular, exercise of our visual 
organs, that we seldom reflect onthe numerous 
delicate springs which must be set in action, 
before the functions of vision can with éase be 
performed. But were any one of the muscular 
organs, now described, to fail in its functions, we 
should soon experience so many inconveniences, 
as would throw a gloom on all the other comforts 
of life; and ‘convince us how much we are in- 
debted, every moment, to the provident. care and 
goodness of our beneficent Creator, for thousands 
of enjoyments which we seldom think of, and for 
which we are never sufficiently grateful. “With 
much compassion, as well as astonishment, at the 
goodness of our loving Creator,’ says Dr. Nieu- 
wentyt, “have I considered the sad state of a cer- 
tain gentleman, who, as to the rest, was in pretty 
good health, but. only wanted the use of those 
two little muscles that serve to lift up the eyelid, 
and so had almost lost the use of his sight—being 
forced, as long as this defect lasted, to shove 
up his eyelids every moment with his own 
hands.”’ + 

How admirable, then, is the formation of the 
eye, and how grateful ought we to feel at the 









A more particular description of the muscles of the eye, 
illustrated by two engravings, will be found in the author’s 
volume, entitled, «The Improvement of Society by the Dif 
fusion of Knowledge,” p. 72, 

t Flies and other insects, whose eyes aré immovable 
have several thousands of distinct globes in each eye, See 





Note, p. 34, 
t Nieuwentyt’s Religious Philosopher, vol. i, p, 232, 
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consideration, that we are permitwd to enjoy all 
the transporting pleasures of vision, without the 
least perplexity or effort on our part! If the loss 
of action in a single muscle’ produces so many 
distressing stations and efforts, what would be 
the consequence if all the muscles of the eye 
were wanting or deranged? And is it man 
that governs these nice and intricate movements, 
—or is it the eye itself, as a self-directing ma- 
chine, that thus turns round, seasonahly and sig- 
nificantly, toward every visible object? Man 
knows neither the whole structure of the organs 


of vision, nor the functions they ought to per- | 


form. The eye is only an unconscious machine 


in the hands of a Superior Intelligence, as a} 


watch or a steam-engine is in the hands of a me- 
chanic. It is God alone who constantly performs 
its movements, according to certain laws, which 
he has submitted to our inclinations and desires; 
« for in him we live and move.?? We are desirous 
to see certain objects around us: this is all the 
share we have in the operations of our eyes; and 
without perplexing our understanding, without 
the least care or management in regard to any of 
the functions, we can, in a few moments, take 
a survey of the beauties and sublimities of an 
extensiye landscape, and of the glories of the 
vault of heaven. Thus the Divine Being ope- 
rates, not only in this, but ina thousand different 
ways, in the various senses and contrivances 
which belong to animal system; and yet 
thoughtless and en oeeorsT waa often inquires, in 
the language of doubt and hesitation, “ Where is 
God my Maker??”- eis in us and around us, 
directing every movement in our animal frame to 
act in harmony with the surrounding elements, 
and to minister to our enjoyment; and it is only 
when his exquisite operations are deranged by 
external violence, or by vicious or imprudent 
habits, that we feel inconvenience or pain. _ 
Such are only a few general outlines of the 
structure of the eye; for no notice has been taken 
of the numerous minute veins, arteries, nerves, 
lymphatics, glands, and many other particulars 
which are connected with this organ. But all 
this delicate and complicated apparatus in the 
structure of the eye would have been of no use 
whatever fer the purpose of vision, had not a dis- 
tinct substance been created to act upon it, exactly 
adapted to its nature and functions. In order 
that the eye might serve as the medium of our 
pereeptions of visible objects, light was formed, 
and made to travel from its source at the rate of 
192,000 miles in a second of time. 'This prodi- 
gious velocity of light is doubtless essential to the 
nature of yision; since it actually exists, and since 
we find that it radiates with the same swiftness 
from the most distant visible star, as from the sun 
which enlightens our system. ‘lo abate the force 
of this amazing velocity, its particles have been 
formed almost. infinitely small—a circumstance 
which alone prevents this delightful visitant from 
becoming the most tremendous and destructive 
element in nature. Dr. Nieuwentyt has com- 
uted that, in one second of time, there flows 


418,660,090,000,000,000,000,000,000,000,090,000,- 


000,000,000 * particles of light out of a burning | 
P é g g 


candle, which number contains at least 6,337,- 
242,000,000 times the number of grains of sand 
in the whole earth, supposing every cubie inch 


of the earth to contain a million of grain’ It) 


has been justly remarked by Mr. Ferguson, and 
other authors, that “if the particles of light were 





* That is, four hundred and eighteen septillions, six hun- 
dred and sixty sextillions.—See Appendix, Note IL{. 
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so large, that a million of them. were equal in 
bulk to an ordinary grain of sand, we durst no 
more open our eyes to the light, than suffer sand 
to be shot point-blank against them from the © 
mouth of acannon.” It may also be remarked, 
that the property which all bodies possess of 7e- 
Jflecting light, is essential to the purpose of vision, 
without which the splendid and variegated scene 
of nature would be changed into a dreadful 
gloom; and were the rays of light of one uni- 


form coldr, and not compounded of vatious hues, 


one object could not be distinguished’ from an- 
other, and the beautiful aspect of our globe would 
instantly disappear. 
Thus we see that the eye.is adapted to light, and 
light-to the eye; and in this admirable adaptation 
the wisdom of the Creator is strikingly displayed. 
For light has no effect upon the ear, or upon any 
other organ of sensation, so as to produce a per- 
ception of visible objects; as, on the other hand, 
the undulations of the air have no effect upon the 
eye, so as to produce the sensation of sound. The 
eye did not produce the light, nor did the light 
form the eye; they are perfectly distinct from 
each other, yet so nicely adapted in every paitic- 
ular, that had any one quality or circumstance 
been wanting in either, the functions of vision 
could not have been performed in the manner in 
which they now operate; which strikingly de- 
monstrates, that one and the same Intelligent Be- 
ing, possessed of a wisdom beyond our compre- 
hension, formed the curious structure of the eye, 
and indued the rays of light with those properties 
of color, motion, and minuteness, which are cal- 
culated, through the medium of this organ, to 
produce, in sentient béings, the ideas of visible 
objects, And, surely, he never intended that 
such exquisite skill and contrivance should be al- 
together overlooked by rational beings, for whose 
pleasure and enjoyment all this benevolent care is 
exercised. - : a 


MANNER IN WHICH VISION IS PERFORMED. 


Let us now attend a little to the manner in 
which vision is performed, by the medium of 
light acting on the organs of sight. If we take 
a common convex glass—a reading-glass, for ex- 
ample—and hold it at some distance from a candle 
or a window-sash, placing a piece of white paper 
behind the glass, at the distance of its focus, the 
image of the candle or sash will be painted on the 
paper, in an inverted position. This experiment 
may be performed with a better effect, by darken- 
ing a room, and placing the convex glass in a hole 
cut oul of the window-shutter, when the rays of 
light, flowing from the objects without, and passing 
through the glass, will form a picture of the ob- 
jects opposite the window, on the white paper, 
adorned with the most beautiful colors. In a 
manner similar to this are the images of external 
objects depicted on the back part of the inner 
coat or membrane of the eye. The rays of light, 
proceeding in all directions from surrounding ob- 
jects, and falling on the eye, are transmitted 
through the pupil; and being refracted by the dif- 
ferent humors (particularly by the crystalline hu- 
mor, which acts the part of a convex lens), they 
converge to a focus.on the retina, where the im- 
ages of visible objects are painted in an inverted 
position; and, by means of the optic nerve, these 
images are conveyed to the mind. ’ 

The following figure will perhaps more dis- 
tinctiy illustrate this point. Let a bc xy repre- 
sent the globe of the eye, and a Bc an object at 
a certain distance from it. Now, it is well known 
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that every point of a visible object sends out rays 
of light in all directions; and therefore, a certain 
portion of the rays which flow from the object 
AB, will fall upon the cornea between x and y, 





and passing through the agucous humar, mn, and 
the crystalline humor, 0 pyand the vitreous humor, 
DE, will be converted to a focus.on the rétina, 
and paint a distinct picture, a bc, of the object 
A BC, in an inverted position. The rays from the 
point a of the object, after being refracted by the 

_ different humors, will be brought to a point at aj 

er from B will be converged at b; and those 

_ from c at c; and of course the intermediate rays 
between a zB and 2c will be formed between a b 
and 6 c, and the object will become visible by 
means of its image or representation being paint- 
ed on the retina, in all the colors and propor- 
tions which belong to it. If we take a bullock’s 
eye, and cut off the three coats from the: back 
part, and put a piece of thin white. paper over 
that part, and hold the eye toward the window, or 
any, bright object, we shall see the image of the 
object depicted upon the paper, and in an inverted 
position, as stated.above. 

In order that we may more distinctly perceive 
the wonders of vision, and the numerous circum- 
stances on which it depends, let us suppose our- 
selves placed on an eminence, which commands a 
view of a variegated and exensie landscape.— 
Let us suppose ourselves stationed on Arthur’s 
Seat, or on the top of Salisbury Crags, in the vi- 
cinity of Edinburgh. Turning our face to the 
north-west, the city, with its castles, spires, and 

_ stately edifices, presents itself to our yiew. Be- 
yond it, on the north and west, a beautiful coun- 
try, adorned with villas, plantations, and fertile 
fields, stretches as far as the eye can reach, until 
the view is bounded by the castle of Stirling, at 
a distance of more than thirty miles. On the 
right hand, we behold the port. of Leith, the ship- 
ping in the roads, the coast of Fife, the isles of 
Inchkeith and of May, and the frith of Forth 
gradually losihg itself in the German ocean. If 
we suppose the length of this landscape to be 
forty miles, and its breadth twenty-five, it will, 
of course, comprehend an area of a thcusand 
square miles. 

The first circumstance which strikes the mind, 
is the immense multitude of rays of reflected light 
which flow in all directions, from the myriads of 
objects which compose the surrounding scene.— 
In order to form a rude idea of this infinity of ra- 
diations I fix my attention on a single object. I 
direct my eye to Nelson’s monument, on the Cal- 
ton Hill. From the parapet at the top, a thousand 
different points send forth “a thousand different 
cones of rays, which, entering my eye, render 
the different parts of it distinctly Visible, beside 
myriads of rays from the same points, which flow 
in every other direction Hrowen the open spaces 
of the atmosphere which surround them. Tots 
many thousands of millions, then, of different ra- 
diations must be issuing forth every moment from 
the whole mass of the monument! And if one 
object pours forth such a flood of rays, how im- 
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mense must be the numberof radiations: which 
are issuing from all the objects which compose 
this extensive landscape! Myriads of rays, from 
myriads of objects, must’ be crossing each other 
mm an infinity of directions, so that ‘the mind is 
confounded at the apparent confusion which seems 
to exist in this immensity of radiations; yet every 
ray passes forward in the crowd, in the most per- 
fect order, and, without being blended or confused 
with any other ray, produces its specific effect on 
every eye that is open to receive it. But this is 
not all: these millions: of rays, which flow from 
the minutest points of the surrounding scene, be- ° 
fore they can produce the sensation of vision, and 
form a picture of the landscape on the retina, 
must be compressed into a space little more than 
one-eighth of an inch in diameter, before they 
can enter the pupil of the eye; yet they all 
pass through this small aperture without the least 
confusion, and paint the images of their respec- 
tive objects in exactly the same order in which 
these objects are arranged:— Another circum- 
stance demands attention. ‘The rays which pro- 
ceed from the objects before me, are not all di- 
rected to the spot where J stand, but are diffused 
throughout every point of the surrounding space, 
ready to produce the same effect, wherever sen- 
tient beings are present to receive them. Were 
the whole inhabitants of Edinburgh placed on the 
sloping declivity of Arthur’s Seat, and along the 
top of Salisbury Crags, and were millions of 
other spectators suspended in the surrounding at- 
mosphere, similar sensations would be. produced, 
anda scene similar to that which I now behold 
would be depicted in every eye. Amidst the in- 
finity of cones of light, crossing each other in an 
infinity of directions, no confusion would ensue, 
but every spectator, whose eyes were in a sound 
state, would obtain a correct view of the svene 
before him; and hence it happens, that, whenever 
I shift my position to the right hand or to the 
left, other streams of light enter my eye, and pro- 
duce the same effect. 

Let me now attend to another circumstance, no 
less admirable than the preceding, and that is, the 
distinct impression which I have of the shape, co- 
lor, and motion, of the multiplicity of objects I 
am now contemplating, and the small space with- 
in which their images are depicted at the bottom 
of my eye. Coulda painter, after a long series 
of ingenious efforts, delineate the extensive land- 
scape now before me on a piece of paper not ex- 
ceeding the size of a silver sixpence, so that every 
object might be as distinctly seen, in its proper 
shape and color, as it now appears when I sur- 
vey the scene around me, he would be. incompa- 
rably superior to all the masters of his art that 
ever went before him. » This effect, which far 
transcends the utmost efforts of human genius, is 
accomplished in a moment, in millions of in- 
stances, by the hand of Nature, or, in other 
words, by “ the finger of God.’? All the objects 
I am now surveying, comprehending an extent of 
a thousand square miles, are accurately delineated 
in the bottom of my eye, on a space less than half 
an inch in diameter. How delicate, then, must 
be the strokes of that divine pencil which has 
formed such a picture! I turn my eyes to the 
castle of Edinburgh, which appears one of the 
most conspicuous objects in my field of view.— 
Supposing that portion of it which strikes my eye 
to be°500 feet long, and 90 in hight, I find, by 
calculation, that it occupies only the six-hundred- 
thousandth part of the whole landscape, and, 
consequently, fillsin my eye no more than the 
twelve-hundred-thousandth part of an inch. I 
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next direct my eye toward the Frith of Forth, and 
perceive a steamboat sailing between Queensferry 
and Newhaven. I distinctly trace its motion for 
the space of 40 minutes, at the end of which it 
reaches the chainpier at Newhaven, having passed 
over a space of five miles in length, which is but 
the eighth part of the lineal‘extent of the land- 
scape in that direction; and, consequently, occu- 
pies, in the picture formed on my retina, a lineal 
space of only one-sixteenth of an inch in extent. 
And, if the boat be reckoned about 88 feet in 
length, its image is only the three-hundredth part 
of this extent; and, of course fills a space ‘in the 
eye of only the four-thousend-eight-hundredth 
part of a lineal inch. Yet, my perception of the 
motion of the vessel could be produced by only a 
corresponding motion of its image in’ my eye; 
that ts, by the gradual motion of a point. one- 
four-thousand-eight-hundredth part of an inch in 
diameter, over a space one-sixteenth of an inch in 
length. How inconceivably fine and accurate, 
then, must be the impression of those strokes 
which the rays of light, from visible objects, pro- 
duce on the retina of the eye! The mind is lost 
in wonder when it attempts to trace so exquisite 
and admirable an effect. . 

T take a reflecting telescope, and ‘through it 
view some of the distant parts of the landscape. 
My wonder is still increased when I consider the 
new directions into which the rays of light are 
bent—the crossings and recrossings, the refrac- 
tions and reflections, that take place between the 
mirrors and the lenses: of the instrument, and the 
successive images’ that are formed——so ‘that, in- 
stead of a scene of confusion, which previous to 
experience, might have been expected from the 
numerous additional bendings and intersections 
of the rays—l! now perceive hundreds of’ objects, 
with the most perféct distinctness, which were 
before invisible. Rays of light from distant and 
minute objects, which a moment before made no 
sensible impression on my eye, being collected 
and variously modified by the telescope, now 
paint a vivid representation of their objects in 
their true figures, colors, and positions. 

From a consideration of the innumerable modi- 
fications of the rays of light, end of the immense 
variety of effects they produce in every region of 
the earth—I ain led to investigate what proportion 
of the solar light falls upon our glohe,in order to 
produce so diversified a scene of sublimity and 
beauty. Supposing the sun’s rays to be chiefly 
eonfined, in their effects, within the limits of the 
planetary system, since they diverge in every di- 
rection, they must fill a cubical space 3,600,000,000 
miles in diameter; which consequently will contain 
about 24,000,000,000,000,000,000,000,000,000 of 
cubical miles, so that an eye, placed in any point 
of this vast space, would receive a distinct impres- 
sion from the solar rays. ‘he solidity of the earth 
is about 264,000,000,000 cubical miles, and, there- 
fore it receives only the 9000000 mn TO00000 
part of the light which fills the sphere of the so- 
lar system. ‘So that the light which cheers all the 
inhabitants of the world, and unvails such a varie- 
ty of beautiful and magnificent objects, is nothing 
more than a single stream of celestial radiance out 
of ninety thousand billions of similar streams, 
whith the great source of. light is every moment 
diffusing throughout surrounding worlds. But 
the solar rays are not confined within the bounds 
of the planetary system; their influence extends, 
in every direction, as far as the nearest stars, fill- 
ing a cubical space at least 40,000,000,000,000 
miles in diameter, and which contains 33,500,000, 











OF VISION. At 


000,000,000,000,090,000,000,000,000,000,600, or, 
thirty-three thousand five hundred sextillions of. 
cubical miles. ; And were we to institute compa- 
risons and caleulations with respect to the possi- 
ble variety of effects they might produce through- 
out this immense region, whole pagés might be 
filled with figures, ciphers, and computations. We 
might compute how many globes similar to the 
earth, or any of the larger planets, might be con- 
tained within this vast space, allowing several 
hundreds of cubical miles of empty space around 
each globe —how many myriads of refractions 
and reflections the rays of light would suffer, in 
regard to the peculiar objects connected with every 
one of these globes—how many eyes of ‘sentient 
beings might be affected by the diversities of color, 
shape, and motion which would thus-be produced 
--and what'a variety of shades of light and color, 
and what a/diversity of scenery would be pro- 
duced, according to the distances of the respective 
globes from the central luminary. After what we 
have just now stated, however, we may rest satis- 
fied with joining in the pious exclamation of one 
who had just finished a devout suryey of the 
structure of the human frame: “ Marvelous are 
thy works, and that my soul knoweth right well. 
How precious are thy thoughts unto me, O God!” 
(or, as the words night be rendered), *‘ How pre- 
cious are thy wonderful contrivances concerning 
me, O God! how great isthe sum of them? If I 
should, count them they are more in number than 
the sand.” In what direction soever I turn mine 
eyes, whatever portion of thy works I investi- 
gate, “fam still with thee’’* Thine infinity and 
unsearchablé wisdom are impressed on every ob- 
ject, so that I feel myself every moment encom- 
passed by thine immensity, and am irresistibly led 
to wonder and adore. ( ; 

T shall now conelude these reflections on vision, 
with two or three additional remarks. It is’wor-~* 
thy of notice, in the first place, that the eye has 
the power of adapting itself to objects placed at 
different ‘distances. By means of some delicate 
pieces of mechanism, ‘not hitherto satisfactorily 
explained, it can perceive, with distinctness, a 
large object at the distance of six miles, and the 
next moment it can adjust itself to the distinet 
perception of an object at the distance of six 
inches; so that it acts the part both ofa telescope 
and a microscope, and can be imstantaneously ad- 
justed to perform either as the one instrument or 
as the other. This necessarily supposes a corres- 
ponding alteration in the state of the organ, every 
time we lift our eye from a near to look at a dis- 
tant object. Hither the cornea is somewhat flat- 
tened, or the crystalline humor is pushed back- 
ward, or both these changes, in combination with 
others, may concur in causing the rays from dis- 
tant objects to unite exactly.on the retina, with- 
out which, distant vision cannot be produced.— 
This contrivance, in whatever kind of mechan- 
ism it may consist, is one which art would vainly 
attempt to imitate. We can see objects that are 
near us with a microscope; and those that are dis- 
tant with a telescope; but we should in vain at- 
tempt to see distant objects with the former, or 
{hose that are only a few inches from us with the 
latter, without a variety of changes being made 
in the apertures and positions of the glasses be- 
longing to the respective instruments. In this 
respect therefore, as well as in every other, the 
eye is an optical instrument, incomparably supe- 


‘rior to any instrument or imitation that art can 


produce; aud were it not for the peculiar property 
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now described, it would be almost unfit for the 
purpose of vision, notwithstanding all the other 
delicate contrivances which enter into its con- 
struction. If it were adjusted only for the dis- 
tinct perception of distant objects, every object 
within the limits of an ordinary apartment would 
appear a mass of confusion; and were it adjusted 
solely for viewing objects within the limits of q 
few feet or\inches, the glories of the heavens, and 
the beautiful landscape of the earth, would: be 
vailed from our sight, as if they were enveloped 
in a mist. : 

Another circumstance worthy of attention, is 
the power which the pupil of the eye possesses of 
contracting or enlarging the aperture or hole 
through which the light is admitted. When the 
light is too weak, the pupil is enlarged; when it 
is too strong, it is again contracted. Accordingly 
we find, that when we enter a darksome apart- 
ment, though, at fitst, nothing can be accurately 
distinguished, yet, in the course of a minute or 
two, when the pupil has had time to dilate, we 
ean perceive most objects with considerable dis- 
tinctness. And, on the other hand, when we pass 
from a dark room to an apartment lighted vp with 
a number of lusters, we feel uneasy at the sudden 
glare, until the pupil has contracted itself, and ex- 
cluded a portion of the superfluous rays. Were 
it not for this property, we should, for the most 
part, either be surrounded with a disagreeuble 
gloom, or oppressed with an excessive splendor.— 
It is for this reason that we are unable to look 
upon the sun without being dazzled, and are un- 
der the necessity of closing the eyelids, or of turn- 
ing away the head, when a strong light suddenly 
succeeds to darkness. 

Again, it may not be improper to. observe, how 


wisely the Author of Nature has fixed the dis- | 


tance at which we ordinarily see near objects most 
distinctly. This distance is generally from five to 
eight inches from the eye. But, had the eye been 
formed for distinct vision, at the distance of onl 
one inch, the object would have obstructed the 
light, and room would have been wanting for the 
performance of many necessary operations, which 
require the hand to intervene between the eye 
and the object. And had the limits of distinct 
vision for near objects been beyond two or three 
feet, sufficient light would not have been afforded 
for the inspection of minute objects, and we could 
neither have written a letter nor have read a book 
with the same convenience and ease we are now 
enabled to do. 

‘From the preceding descriptions and remarks, 
it will evidently appear, with what admirable skill 
the different parts of the organs of vision are con- 
structed, and how nicely they are adapted to the 
several ends they were intended to subserve.— 
Were any one of these parts deficient, or ob- 
structed in its functions, vision would either be 
impeded, or rendered painful and distressing, or 
completely destroyed. If any of the humors of 
the eye were wanting—if they were less transpa- 
rent—if they were of a different refractive power 
—or if they were of a greater or less convexity 
than they now are, however minute the alteration 
might be, vision would inevitably be obstructed, 
and every object would appear confused’ and in- 
distinct. If the retina, on which the images of 
objects are painted, were flat, instead: of being 
concave, while objects in the middle of the view 
appeared distinct, every object toward the sides 
would appear dim and confused. If the cornea 
were as opaque as the sclerotica, to which it is 
joined, or if the retina were not connected with 


the optic nerve, no visible object could possibly be | ing facts, 
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perceived. If one of the six muscles of the eye 
were wanting, or impeded in its functions, we 
could mot turn it to the right; if a second were 
deficient, we could not turn it to the left; if a 
third, we could not lift it upward; if a fourth, we 
could not move it downward; and if it were de- 
prived of the other two muscles, it would be apt: 
to roll about in frightful contortions. If the eyes 
were placed in any other part of the body than 
the head— if they were. much more prominent 
than they now are—if they were not surrounded 
by the bony socket in which they are lodged— 
—and if they were not frequently covered by the 
eyelid—they would be exposed to a thousand ac- 
cidents from which they are now protected. If 
they wanted moisture, and if they were not fre- 
quently wiped by the eyelids, they would become 
less transparent, and more liable to be inflamed; 
and if they were not sheltered by the eyebrows, 
the sweat and moisture of the forehead would 
frequently annoy them. Were the light which 
acts upon them devoid of color—were it not re- 
flected from objects in every direction—were its 
motion less swift, or its particles much larger 
than. they now are—in short, were any one cir- 
cumstance. connected with the- structure of this 
organ, and with the modification of the rays of 
light, materially different from its present ar- 
rangement, we should either be subjected to the 
hourly recurrence of a thousand painful sensa- 
tions, or be altogether deprived of the entertain- 
ments of vision. 

How admirable an organ, then, is the eye, and 
how nicely adapted to unvail to our view the glo- 
ries of the universe! Without the application of 
any skill or laborious-efforts on our part, it turns 
in every direction, transports us to every sur- 
rounding object, depicts the nicest shades and 
colors on its delicate membranes, and 
“ Takes in, at once, the landscape of the world 

At asmall inlet, which a grain might close, 

And half creates the wondrous world we see.”—Youna; 
—How strikingly does it display, in every part of 
its structure and adaptations, the marks of be- 
nevolent design, and of Infinite Intelligence!— 
However common it is to open our eyes, and to 
behold, in an instant, the beauties of an extensive 
landscape, and however little we may be accus- 
tomed to admire this wonderful effect—there is 
not a doctrine in religion, nor a fact recorded. in 
Revelation, more mysterious and incomprehensi- 
ble. An excellent French writer. has well ob- 
served—* The sight of a tree and of the sun, 
which God shows me, is as real and as immediate 
a Revelation as that which led Moses toward the 
burning bush. The only difference between both 
these actions. of God on Moses and me is, that 
tlie first is out of the common order and economy; 
whereas the other is occasioned by the sequel 
and connection of those laws which God has 
established for the regulation both of man and 
nature.” 

If then, the eye of man (who isa depraved in- 
habitant of a world lying partly in ruins), is an 
organ so admirably fitted for extending-our pros- 
pects of the visible creation—we may reasonably 
conclude, that organized beings of superior intel- 
ligence and moral purity, possess the sense of vi- 
sion in a much greater degree of perfection than 
man in his present state of degradation—and that 
they may be enabled, by their natural organs, to 
penetrate into regions of the universe far beyond 
what man, by the aid of artificial helps, will ever 
be able to desery. It may not be altogether ex- 
travagant, nor even beyond the reality of exist- 
to suppose, that there are intelligences 
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in the regions of Jupiter or Saturn, whose visual 
organs are in so perfect a state, that they can de- 
sery the mountains of our moon, and the conti- 
nents, islands, and oceans which diversify our 
globe, and are able to delineate a map of its sur- 
face, to mark the period of its diurnal rotation, 
and even to distinguish its cities, rivers, and vol- 
canoes. It is quite evident, that it must be equal- 
ly easy to Divine Wisdom and Omnipotence, to 
form organs with powers of- vision far surpassing 
what I have now supposed, as to form an organ in 
which the magnificent scene of heaven and earth 
is depicted, in a moment, within the compass of 
half an inch. There are animals whose range of 
vision is circumscribed within the limits of a, few 
feet or inches; and, had we never perceived ob- 
jects through an organ in the same state of per- 
fection as that with which we are furnished, we 
could have formed as little conception of the sub- 
limity and extent of our present range of sight, 
as we can now do of those powers of vision which 
would enable us to descry the inhabitants of dis- 
tant worlds. The invention ,of the telescope 
shows, that the penetrating power of the eye may 
be indefinitely increased; and, since the art of 
man can extend the limits of natural vision, it is 
easy to conceive, that, in the hand of Omnipo- 
tence, a slight modification of the human eye 
might enable it, with the utmost distinctness, to 
penetrate into regions to which the imagination 
can set no bounds. And therefore it is not un- 
reasonable to believe, that, in the future world, 
this will be.one property, among others, of the 
resurrection-body, that it will be furnished with 
organs of vision far superior to the ‘present, in 
order to qualify its intelligent inhabitant for tak- 
ing an ample survey of the “riches and glory” 
of the empire of God. 

I have dwelt. somewhat particularly on the 
functions of the eye,in order to show, thal itis 
only when we take a minute inspection of the 
operations of the Creator, that his Infinite Wis- 
dom and Intelligence are most distinctly perceiv- 
ed. The greater part of Christians will readily 
admit, that the Wisdom of God is manifested in 
every object; but few of them take the trouble to 
inquire, in what particular contrivances and ad- 
aptations this wisdom is displayed; and, there- 
fore, rest satisfied with vague aud general views, 
which seldom produce any deep impression on 
the mind. ‘ The works of the Lord,’’? which are 
“great”? and admirable, “must be sought out by 
all those who have pleasure therein;’’? and the 
more minutely they are inspected, the more ex- 
quisite and admirable do all his arrangements 
appear. 

Were we to enter into an investigation of the 
visual organs of the lower animals, and to consider 
the numerous varieties which occur in their struc- 
ture, position, and movements, and how nicely the 
peculiar organization of the eye is adapted to the 
general structure of the animal, and to its various 
necessities and modes of existence—the operation 
of the same inscrutable Wisdom and Intelligence 
would meet our eye atevery step. Birds, for ex- 
ample, which procure their food by their beak, 
have the power of seeing distinctly at a very 
small distance; and, as their rapid motions through 
the air renders it necessary that they shoud descry 
objects at a considerable distance, they have two 
peculiar méchanical contrivances, connected with 
their organs of vision, for producing both these 
effects. One of these contrivances consists in a 
flexible rim, formed of bone, which surrounds the 


broadest part of the eye; and, by occasionally | 


pressing upon its orb, shortens its focal distance, 
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and thus enables it to inspect very near objects. 


The other consists of a peculiar muscle, which 4 


draws back, as occasion requires, the crystalline 
humor, by which means it can take a distinct 
view of a distant landscape, and can pass-from 
the sight of a very near to the sight of a distant 
object, with rapidity and ease. In fishes, which 
live in a medium of a different refractive power 
from that of air, the crystalline humor has a 
greater degree of convexity, and more nearly ap- 
proaches to a globular form than that of land ani- 
mals—which conformation is essentially requisite 
to distinctness of vision in the watery element. 
A fish, of course, cannot see distinctly in air, nor 
a quadruped under water; and every person who 
has dived into the water with his eyes open, knows 
that though he may perceive the general forms 
and colors of objects, his vision is obscure and in- 
distinct.—In hares and rabbits, the eyes are very 
convex and prominent, so that they can see nearly 
quite round them; whereas, in dogs, which pur- 
sue these animals, the visual organs are, placed 
more in the front of the head, to look rather be- 
fore than behind them.—Some. animals, as cats 
and owls, which pursue their prey in the dark, 
have the pupil of their eye so formed as to be ea- 
pable of great expansion, so that a few rays of 
light may make a lively impression on their 
retina; while the eagle, which is able to look 
directly at the sun, has its pupil capable of being 
contracted almost to a point.—Insects, such as the 
beetle, the fly, and the butterfly, whose eyes are 
incapable of motion, have several thousands of 
small transparent globes, set in a convex hemi- 
sphere, every one of which is capable of forming 
an image of an object; so that they are enabled to 
view the objects around them without moving 
their heads.—But it would be beyond the limits 
of my plan to prosecute this subject any further: 
enough has already been stated, to show that the 
eyes of men and of other animals are master- 
pieces of art, which far transcend. the human 
understanding; and that they demonstrate the 
consummate wisdom of Him who planned and 
constructed the organical functions of the vari- 
ous tribes of animated existence. 

J shall conclude this branch of my subject, by 
presenting an instance or two of the mechanism of 
the bones, and the movements it is fitted to pro- 
duce. 

The bones of the human frame are articulated, 
or connected together in different ways, but most 
frequently in the following manner:—Lither, first, 
a bone with a round head is articulated with a 
cavity, and plays with it as a ball in the socket; 
or, second, they are connected together by a hinge- 
like articulation, which enables a bone to move up 
or down, backward or forward, like a door upon 
its hinges. An idea of these two motions, and 
the purposes they serve, may be obtained, by con- 
sidering the construction of the pedestal of a tele- 
scope, and the joints on which it moves. One of 
the joints is of the nature of a hinge, by which a 
vertical motion, or a motion upward and down- 
ward, is produced, A horizontal motion, or a 
motion toward the right hand or the left, is pro- 
duced by a pivot moving in a socket; so that, by 
these two motions, the telescope can be made to 
point in any direction. Such is the nature of the 
articulations in the bones, and the movements 
they produce; and whenever one or other of these 
motions, or both of them combined, is requisite 
for the comfort and convenience of the individual, 
such a power of motion is uniformly found to 
exist. If the movement of a joint in every direc- 
tion would in any particular case be found incon- 
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venient, the hinge-like articulation is fixed upon: | 


nvenient use of particular members, and 
for the variety of evolutions which a sentient 
being may have occasion to make, the ball and 
‘socket articulation is combined with the former. 
- For example, let any person for a'moment con- 
sider the joints of his fingers, and compare them 
with the joint at his wrist, where the hand is con- 
nected with the fore-arm. If he hold the back of 
his hand upward, he will find that he can move 
his fingers upward or downward; but he cannot 
turn them to the right hand or to the left,'so-as to 
make them describe a circular motion. He will 
also) find that his wrist is capable of a similar 
movement, so that the hand may be bent in a ver- 
tical direction. But, in addition to this motion, 
it is also capable of being turned in a horizontal 
direction, or from one side to another. In the 
former case, we have an example of. the hinge 
articulation; in the latter, it is combined with an 
articulation which produces nearly the same effect 
as a pivot moving in a socket. Now, had the 
joints of the fingers been capable of the same 
motions as the wrist, the hand would have lost its 
firmness, and been incapable of performing a varie- 
ty of mechanical operations which require objects 
to be held ‘with a steady grasp: On ‘the other 
hand, if the wrist had been confined to-a vertical : 
motion, the hand would have been incapable of 
one out of a hundred varied movements which it | 
can mow perform with the greatest ease.* In| 





*The horizontal motion of the wrist, or that motion by 
which the palm of the hand is alternately turned up and 
down, is produced chiefly by the motions of the two bones 
of the fore-arm, called the radius and the wlwa, one of 
which is articulated to the hwmerus, or bone connected with 
the shoulder—fTn the following representation (fig. 9), C is 
the humerus or shoulder bone; B is the elbow where the two 
bones of the fore-arm are connected with the humerus; D is 
the radius, which joins the wrist, on the side where the | 
thumb is, and E the wlia, which joins the wrist on the side | 
where the little finger is. In fig. 10, G is the radins; fig. 11, 
His the ulna. The wlaa has a hooked process marked e, 
which catches round the lower end of the humerus, forming 
with it a hinge joint.. This bone projects beyond the head 
of the humerus, forming, when the arm is bent, the point of }! 
The radius has a'small round head B, on which | 
it turns, without any motion of the htmerus—bound to the 
ulna by ligaments—and'as the bones of the wrist are attach- 
ed to the lower end of this bone alone, and not to the ulna, 
--when the radius revolves the whole hand turns with it. 
This alternate rolling is what anatomists call pronation and 
supination. Flexion and extension of the arm are perferm- 
ed by means of the ulna, which carries the radius along 
with it in all its movements. While the larger part of the 
ulna js above, the larger part of the ‘radius is below, so that 
while the former presents a large surface for articulation at 
the elbow, the latter does the same at the wrist, and this in- 
verse arrangement, likewise, contributes to the uniform 
diameter of the fore-arm. While the fore-arm is thus at- 
tached to the humerus, the radius is attached to the wrist, 
so that when we turn the palm of' the hand the radius rolls 
on the-ulna by the help of a groove or hollow near each end 
of the bone, carrying the hand with it. So admirable, in: 
deed, is this contrivance, that both motions may be perform- 
ed ut the same time; for while we are bending the arm, we 
may also be rotating or turning it upon its axis. ‘Po facili- 
tate these motions, a tubercle of the radius plays into a 
socket of the ulna, near the elbow,—while near the wrist, 
the radius finds the socket, and the ulna the tnbercle. 

Now, had both bones been joined to the upper arm at the 
elbow, or both to the hand at the wrist, the motions now 
stated could not have been accomplished. The first bone 
wits to be at liberty at one end, and the, second at the other, 
by which means the two motions may be performed together, 
The bone which carries the fore-arm may be swinging upon 
its hinge at the elbow, at the very time that the, other bone 
which carries the hand may be. turning round it in its 
grooves. Had there been only a single bone in the fore- 
arm, with a bal) and socket at the elbow, it might, in a cer- 
tain degree, have accomplished the purpose intended; but 
in this case, the turning of the hand and arm would have 
been effected by a comparatively slow and laborious motion. 
Such is the wonderful care and accuracy with which our 
All-Wise and Benevolent Creator has contrived and adjusted 
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this caseywe could’ not have bored a hole with a 
gimlet, cut down corn witha sickle, digged the 
earth with a spade, sewed clothes with a needle, 
tossed up a ball, or turned up the palm of the 
hand, for any of the useful purposes for which 
that motion was ordained. In short, without the 
rotatory motion of the wrist, the greater part of 
the operations conneeted with gardening, agricul- 
ture, cookery, washing, spinning, weaving, paint- 
ing, carving, engraving, building, and other me- 
chanical arts, could not be performed; and such 
of them as could be effected, would be accom- 
plished only with the greatest inconvenience and 
labor. Any person may convince himself of this, 
by holding his handin a horizontal position, and 
preventing his wrist joint from turning round, 
and then by trying what operations he can easily 
perform without the rotatory motion; and he will 
soon perceive with what exquisite skill the nu- 
merous movements of our animal: frames have 
been contrived by the Gteat Author of our exis- 
tence. In each hand there are 27 bones, all of 
which are essential to the different motions we 
wish to perform. Every finger is composed of 
three bones, connected together by articulations, 
muscles, and ligaments. If, instead of three, each 





every minute part and motion connected with our animal 
frdme to subserve ‘our convenience and pleasure, No one 
who is acquainted with the minute and exqnisite mechanism 
of the human body, willdare to call in question, the skill, 
the design, and the forethought of the Great Artificer of 
that wonderful frame; and he must possess a cold and un- 
feeling heart, who can behold with apathy, and wit.out 
reverence and gratitude, the multitudinous mass of splendid 
and exquisite contrivances of which he every moment feels 


the pleasure and advantage. 
c 





In the human hand, in particular, we perceive an instra- 
ment far superior to that of any similar part connected with 
the structure of the Jower animals. In this hand we per 
ceive the sensibilities to changes of temperature, to touch, 
and to. motion, combined with a facility inthe joints of un- 
folding and moving in every. possible degree and direction, 
and in a manner inimitable by any artifice of joints and 
levers. In all. the movements of human beings, it if the 
hand that guides them in their industry and mental acquisi- 
tions. By its assistance they have drained unwholesome 
marshes—transformed deserts into fruitful fields—turned the 
course of rivers—banked out the headlong sea—cleared the 
thickest forests, and caused cities, temples, and palaces to 
arise where the wild beasts of the forests formerly roamed 
atlarge. In short, by this instrument Men has been ena- 
bled. to prosecute his course along pathless oceans and 
through the region of the clouds—to measure time and 
space--to investigate the wonders of the earth and of the 
heavens, and to promote’ his progress toward intellectual 
perfection,—and, without it, scarcely any science or de- 
partment of human knowledge,could be acquired or cultiva- 
ted—supposing the whole human race to have been desti- 
tute of this instrument, . ? 
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finger were composed of only one boneyit would 
be quite impossible for us to grasp a single object. 

The same admirable contrivance may be per- 
ceived in the:movements of which the head is 
susceptible. It was requisite, in order to our 
convenience and comfort, that we should be ena- 
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bled to move our head backward or forward—to' 


look up toward the heavens, or downward to the 
ground. It was also expedient that it should have 
a power of turning to the right or to the left, so 
as to take in a considerable portion of a circle, 
without being under the necessity of turning 
round the whole body. Accordingly we find that 
both these motions are provided for, in the man- 
ner in which the head is connected with the 
vertebre. ‘The head rests upon the uppermost of 
these bones, to which it is connected by a hinge 
joint, similar to those in the fingers, which 
allows it to move backward and forward; and by 
means of a round, longish process, or projection, 
which moves in a socket, it. is enabled to move 
horizontally, as upon an axis. Had the first mo- 
tion been wanting, we could not have looked up 
to the zenith, without lying flat on our back; nor 
could we have looked to the ground, without 
placing our bodies in a prone position; and, in 
such a case, we could never have seen our own 
feet, unless when they were bent considerably 
forward. Had the second motion been wanting, 
we could have looked to nothing, except the ob- 
jects directly before us, without the trouble of 
turning round the whole hody, either to the right 
‘or to the left. But, in the construction of our 
corporeal system, everything is so arranged and 
adapted to another, as at once to contribute to 
éase and facility of motion, in all the varied 
operations and movements we have occasion to 
perform; which circumstance forcibly demon- 
strates beth the benevolent intentions and the 
admirable wisdom of Him ‘whose hands have 
made and fashioned us,’’ and who “ breathed into 
our nostrils the breath of life.’ 

The above are only two or three out of a hun- 
dred of similar instances, which might be pro- 
duced to show the benevolent care which has been 
exercised in arranging and articulating the system 
of bones of which the propwork of the human 
frame is composed. Were we to enter into an inves- 
tigation of the actions and uses of the various 
muscles, the wonderful system of veins and arte- 
ries, the action of the heart, stomach, and bowels; 
the process of respiration, and insensible perspira- 
tion, and the system of nerves, glands, lymphatics, 
and lacteals—a thousand instances of Divine wis- 
dom and beneficence, would crowd upon our 
view, which could not fail to excite the pious 
and contemplative mind to join in the devotions 
of the “sweet singer of Israel:’’—“I will praise 
thee; for I am fearfully and) wonderfully made: 
marvelous are thy works, and that my soul 
knoweth right well.’’"—But as I intended to pre- 
sent only a few specimens of the Wisdom of God, 
as displayed in the construction of the material 
world, I shall conclude this department of my 
subject with a single reflection.* 

How foolish and ungrateful is it for rational: be- 
ings to. overlook the wise and benevolent. arrange- 





* Those who wish to prosecute this subject, particularly 
that part of it which relates to the contrivances of Divine 
Wisdom which appear in the animal system, will find 
ample gratification in Nieuwentyt’s “ Religious Philoso- 
pher,” Vol. I, Bell’s Bridgewater Treatise on “ The Hand,” 
and Dr, Paley’s * Natural Theology.” A variety of useful re- 
marks on this subject will also be found in “ Ray’s Wisdom 
of God in the Creation,” Derham’s ‘ Physico-Theology,” 
and Bonnet’s “ Conteniplation of Nature.” 
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ments of the Creator, in the material. univers?! 


How many thousands of human beings passes “a 
ie 


existence without once reflecting on the n 

rous evidences of Divine Wisdom and Beneficence 
which appear around them, or feeling the least 
spark of gratitude for their preservation and com> 
forts, to that Being “in whose hand their breath 
is, and whose are all their ways!”’, Yea, how 
many are there who consider themselves as stand- 
ing high in the ranks of the Christian profession, 
who affect tolook down with a certain degree of 
contempt on the study of the material works of 
God, as if it were too gross a subject for their 
spiritual attainments! They profess to trace the 
wisdom of God in the Scriptures, and to feel gra- 
titude for his pardoning mercy; but they seldom 
feel that gratitude which they ought to do for 
those admirable arrangements in their own bodies, 


and in the elements around them, by which their | 


lives are preserved, and their happiness promoted; 
and even seem to insinuate that they hive little 
or nothing to do with the eontrivances of the God 
of Nature. They leave it to the genius of infidel 
philosophers to trace the articulation of the bones, 
the branchings of the veins and arteries, the pro- 
perties of light, and the composition of the atmo- 
sphere, while they profess to feast their minds on 
more sublime and spiritual entertainments. But 
surely such astonishing displays of the wisdom 
and benignity of the Most High, as creation ex- 
hibits, were never intended to be treated by his 
intelligent offspring with apathy or indifference; 
and to do so must indicate a certain degree of 
base ingratitude toward Him whose incessant 
energy sustains. the whole assemblage of sentient 
and: intelligent beings, and who displays himself, 
in their construction and preservation, to be “ won- 
derful in counsel and excellent in working.” 
Shall we imagine, that because God stands in the 
gracious relation of our Redeemer, he has ceased 
to stand in the relation of our Creator and Pre- 
server? Or shall we consider those subjects as 
unworthy of our attention, which are the theme 
of the praises of the heavenly host?* Can we 
suppose that the Almighty displayed his infinite 
wisdom in the.curious organization of the human | 
eye, that man—the only being in this world who 
is endowed with faculties capable of appreciating 
its structure, and for whose use and entertain- 
ment if was intended—should overlook such a 
wonderful piece of Divine workmanship, and feel 
no gratitude for the bestowment of so admirable a 
gift? Shall we extol the ingenuity displayed in a 
clock or a watch, in a chess-player,,or a steam- 
engine, and shall we feel no sentiment of admira- 
tion at the view of millions of instances of Divine 
mechanism, which infinitely transcend the powers 
of the human understanding? ‘To act in this 
manner, as too many are disposed to do, is un- 
worthy of man, both as a Christian and as an 
intelligent agent. Such was not the conduct of 
the inspired writers; their spirituality of views did 
not lead them to neglect the contemplation of 
any of the works of God. “Iwill meditate on all 
thy works,” says the Psalmist, ‘and talk of all 
thy doings; I will utter abundantly the memory 
of thy great goodness, and speak of all thy won- 
Accordingly we find, that the 
wonders of the human frame, the economy of the 
animal and, the vegetable tribes, the scenery of 
the “dry land,” and of the “mighty deep,” and 


the glories of the heavens, were the frequont sub- 


jects of. their devout contemplation. ‘They con- 
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as Revelation iw. ld, 


» ‘displayed in the material creation. 
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oboe: by whom they were formed and arranged, 
and as declaring his Wisdom, Goodness, and 
Omnipotence; and with this view ought all the 
scenes of the visible creation to be investigated by 
his intelligent creatures. | ‘ 
We have reason to believe that it is owing, in 
part, to want of attention to the Divine wisdom 
and beneficence, as exhibited in the construction 
of the visible world, that many professed Chris- 
tians entertain so vague and confused ideas re- 
specting the wisdom and goodness of Deity, as 
displayed in the economy of Redemption. The 
Wisdom, Goodness; and Beneficence, in 
uths, become words almost without mean- 
2 ween no precise or definite ideas are at- 
tached; because they have never considered the 
instances and the evidences of these attributes, as 
And if our 
minds have not been impressed with a sense of the 
wisdom and beneficence of God, in those objects 
which are presented to the external senses, we 
cannot be supposed to have luminous and distinct 
ideas of those spiritual objects and arrangements 
which are removed beyond the sphere of our cor- 
poreal organs. For all our ideas in relation to 
Religion and its objects, are primarily derived 
from the intimations we receive of external ob- 
jects, through the medium of our senses; and, 
consequently, the more clearly we perceive the 
agency of God in his visible operations, the more 
shall we- be qualified to perceive the wisdom and 
harmony of his dispensations, as recorded in the 
volume of inspiration. 
~ We live in a world, all the arranzements of 
which are the effects of infinite wisdom. We are 
surrounded with wonders on every hand; and 
therefore we cease to admire, or to fix our atten- 
tion on any one of the wonders daily performed 
by God. We have never been accustomed to 
contemplate, or to inhabit a world where benevo- 
lence and wisdom are not displayed; and there- 
fore we are apt to imagine that the circumstances 
of our terrestrial existence could not have been 
much otherwise than they actually are. We be- 
hold the sun in the morning ascending from the 
east—a thonsand shining globes are seen in the 
canopy of the sky when he has disappeared in the 
west. We open our eyelids, and the myriads 
of objects which compose an extensive landscape 
are in a moment painted on our retina,—we wish 
to move our bodies, and in an instant the joints 
and muscles of our hands and feet perform their 
several functions. We spread out our wet clothes 
to dry, and in a few hours the moisture is evapo- 
rated. We behold the fields drenched with rain, 
and in a few days it disappears and is dispersed 
through the surrounding atmosphere, to be again 
embodied into clouds. ‘These are all common ope- 
rations, and therefore thoughtless and ungrateful 
man seldom considers the obligations he is under 
to the Author of his existence, for the numerous 
enjoyments which flow from these wise arrange- 
ments. ‘ But were the globe we inhabit, and all 
its appendages, to remain in their present state— 
and were only the principle of evaporation and 
the refractive and reflective properties of the air to 
be destroyed—wo should soon feel, by the univer- 
sal gloom which would ensue, and by a thousand 
other inconveniences we should sutfer, what a 
miserable world was allotted for our abode. We 
should most sensibly perceive the wisdom and good- 
ness we had formerly overlooked, and would most 
ardently implore the restoration of those arrange- 
ments for which we were never sufficiently grate- 















the benevolent contrivances within us and around 
us, in order that grateful emotions may be hourly 


‘arising in our hearts to the Father of our spirits? 


For the essence of true religion consists chiefly 
in gratitude to the God of our life, and the Au- 
thor of our salvation; and every pleasing sensa- 
tion we feel from the harmonies and the beauties 
of nature, ought to inspire us with this sacred 
emotiou.— Hearken unto this, O man! stand still 
and consider the wonderful works of God. Con- 
template the balancings of the clouds, the won- 
drous works of Him who is perfect in knowledge.” 
“He hath made the earth by his power, he hath 
established the world by his wisdom. When he 
uttereth his voice, there is a noise of waters in the 
heavens; he causeth the vapors to ascend from 
the ends of the earth, and bringeth the winds out 
of his treasuries.’ While it is shameful for man 
to be inattentive to the wonders which surround 
him, what can be more pleasing.and congenial to 
arational and devout mind than contemplations on 
the works of the Most High? ‘‘ What can be 
more gratifying,’ says Sturm, “ than to contem- 
plate in the heavens, in the earth, in the water, in 
the night and day, and, indeed, throughout all 
nature, the proofs which they afford of the wis- 
dom and purity, and the goodness of our great 
Creator and Preserver! What can be more de- 
lightful than to recognize; in the whole creation, 
in all the natural world, in everything we see, 
traces of the ever-working providence and tender 
mercy of the great Father of all.” 


SECTION IV. 


ON THE GOODNESS OR BENEVOLENCE OF THE DEITY. 


Tur benevolence of God is that perfection of 
his nature, by which he communicates happiness 
to the various ranks of sensitive and intelligent 
existence. 

~The system of Nature, in all its parts, exhibits 
an unbounded display of this attribute of the 
Divine Mind, both in relation to man; and in 
relation to the subordinate tribes of animated 
existence. In relation to Man—the magnificence 
and glory of the heavens—the variegated coloring 
which is spread over the scene of nature—the 
beautiful flowers, shrubs, and trees, with which 
the earth is adorned, which not only delight the 
eye, but perfume the air with their delicious odors 
—the various. kinds of agreeable sounds that 
charm the ear—the music of the feathered songs- 
ters, which fill the groves with their melody— 
the thousands of pleasant images which delight 
the eye, in the natural embellishments of crea- 
tion—the agreeable feelings produced by the con- 
tact of almost everything we have occasion to 
touch—the pleasure attached to eating, drinking, 
muscular motion, and activity—the luxuriant 
profusion and rich variety of aliments which the 
earth affords—and the interchanges of thought 
and affection—all proclaim the Benevolence of 
our Almighty Maker, and show, that the com- 
munication of happiness is one grand object of all 
his arrangements. For these circumstances are 
not essentially requisite to our existence. We 
might have lived, and breathed, and walked, 
though everything we touched had produced 
pain; though everything we ate and drank had 
been bitter; though every movement of our hands 


ful. And why should we not now—while we cn- | and feet had been accompanied with uneasiness 
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and fatigue; though every sound had been as 
harsh as the saw of the carpenter; though no 
‘ birds had warbled in the groves; though no flow- 
ers had decked the fields, or filled the air with 
their perfumes; though one unvaried scene of dull 
uniformity had prevailed, and beauty and sub- 
limity had been swept from the face of nature; 
though the earth had been covered witha mantle 
of black, and no radiant orbs had appeared in 
our nocturnal sky. But what a miserable world 
should we then have inhabited, compared with 
that which we now possess! Life would’ have 
passed away without enjoyment, and pain would 
have overbalanced the pleasures of existence. 
Whereas, in the existing constitution of things, 
all the objects around us, and every sense of 
which we are possessed, when preserved in its 
natural vigor, have a direct tendency to produce 
pleasing sensations, and to contribute to our en- 
joyment: and it is chiefly when we indulge in 
foolish and depraved passions, and commit im- 
moral actions, that the benevolent intentions of 
the Deity are frustrated, and pain and misery 
produced. 

Had the Creator of the world been a malevo- 
lent being, and possessed of infinite power and 
intelligence, every arrangement of nature would 
have been almost the reverse of what we now find 
it. The production of evil, and of pain in sensi- 
tive beings, would have been the aim of the con- 
triver in all his operations and allotments. All 
design in the frame of the’ universe, and all that 
wisdom and intelligence which we now admire in 
the adaptations of the parts and functions of ani- 
mals to their necessities and to the constitution of 
nature around them—we should have dreaded as 


contrivances to produce painful sensations, and to- 


render them acute and permanent. Instead of 
ease, and enjoyment, and delight, in the exercise 
of our functions and faculties—the ordinary state 
of the lower animals and of human beings would 
have been a state of trouble, ‘disease, dejection, and 
anguish. Every breath of air might have cut us 
like the point of a dagger, or produced a pain like 
that of swallowing aquafortis or sulphuric acid.* 
Every touch might have been felt like the sting 
of a nettle, or like the rubbing of salt upon a fes- 
tering wound. Every taste would have been bit- 
ter as gall and wormwood, and every sound harsh 
and dissonant, or asa hideous scream. All our 
senses, instead of being the sources of pleasure, 
as they now are, would have been the instruments 
of pain and torture. The lower animals, instead 
of ministering to our delight and necessities, 
would have been formed so as to torment, to ha- 
rass, and annoy us.. The cow and the goat would 
have afforded us no milk, nor the bee its honey, 
nor would the birds of the air have charmed us 
with their music. Dismal and haggard objects 
would have been strewed over the whole face of 
creation, and all would have appeared a melan- 
choly gloom, without beauty or variety. The 
fields would have wanted their delightful verdure, 
their diversified aspect, and the beautiful flowers 
with which they are now adorned. The fire might 
have scorched without warming us, and water, 
instead of refreshing us, might have produced in- 
tolerable pain. The light might have been with- 
out color; if. might have dazzled instead of cheer- 
ing us, and prevented distant objects from being 
perceived. Our eye-balls might have wanted the 





* Sulphuric acid consists of 75 parts oxygen, and 25 parts 
nitrogen, which form the constituent parts of the air we 
breathe, only ir. a different proportion. Were this propor- 
tion materially altered, we should feel the most excruciating 
pain in attempting to breathe it in some of its combinations. 
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muscles which now enable them to move with 


ease in every direction, and every ray of light ~~ 


might have affected them with pain. The ground 
might have been formed so soft and yielding, that 
at every step we should have sunk like persons 
walking in a quagmire——In short, our imagina- 
tions, in such a case, would have presented to us 
little else than frightful specters and objects of 
terror and alarm,—and our minds have been filled 
with dismal forebodings and dreadful expectations. 
But, every arrangement in the system of nature, 
as it is now constituted, is directly the reverse of 
what we have now supposed. And this consider- 
ation demonstrates, that the Great Creator. of the 
universe is the God of Love, whose merey and 
benevolence are displayed toward every rank of . 
sensitive and intelligent existence, and these at- 
tributes, we are assured, will never cease in their 
operations, so long as the universe endures. ke 

If we consider, further, that the inexhaustible 
bounty of the Creator, and the numerous pleasures 
we enjoy, are bestowed upon a guilty race of men, 
the Benevolence of the Deity will appear in a still 
more striking point of view. Man has dared to 
rebel against his maker; he is a depraved and un- 
grateful creature. The great majority of our race . 
have banished God from their thoughts, trampled 
upon his laws, neglected to contemplate his works, 
refused to pay him that tribute of reverence and 
adoration which his perfections demand, have been 
ungrateful for his favors, have blasphemed his 
Name, and have transferred to “ four-footed beasts 
and creeping things,’ that homage which is due 
to him alone. It has been the chief part of their 
employment, in all ages, to counteract the effects 
of his Beneficence, by inflicting injustice, op- 
pression, and torture upon each other; by maim- 
ing the human frame, burning cities and villages, 
turning fruitful fields into a wilderness, and, by 
every other act of violence, carrying death and de- 
struction through the world. And if water, air, 
and the light of heaven, had been placed within the 
limits of their control, it is more than probable, 
that whole nations would have been occasionally 
deprived of these elements, so essential to human 
existence. Yet, notwithstanding the prevalence 
of such depraved dispositions, the streams of Di- 
vine benevolence toward our apostate race have 
never yet been interrupted. The earth ha¥'never 
stopped in its career, and thrown nature into a 
scene of confusion; the light of heaven has never 
ceased to illume the world; the springs of water 
have never been dried up, nor has the fertile soil 
ceased to enrich the plains with golden harvests. 
God “hath not left himself without a witness’ to 
his beneficence, in any age, in that he hath un- 
ceasingly bestowed on the inhabitants of the 
world, “rain from heaven, and fruitful seasons, 
filling their hearts with food and gladness.” This 
is one of the characters of Deity which forms the 
most perfect contrast to the selfish and revengeful 
dispositions of man, which as far transcends hn- 
man benevolence as the heavens in extent surpass 
the earth—a character calculated to excite our 
highest love and admiration, and which we are 
called upon, in the Sacred Oracles, to imitate and 
revere: “Be ye merciful, as your Father who is in 
heaven is merciful; for he maketh his sun to rise 
on the evil and on the good, and sendeth rain on 
the just and on the unjust.” O that men would 
praise the Lord for his goodness, and for his won- 
derful works to the children of men!” 

From such considerations we learn, even from 
the system of nature, that mercy is an attribute 
of the Deity; for if mercy consists in bestowing 
favors on those who are unworthy, or who merit 
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unishment, the greatest sinners in all ages have 
Fmd in it, and every individual of the human 
race, now existing, enjoys a certain portion of 
those comforts which flow from the. benevolent 
arrangements which the Creator has established: 
* He maketh the sun to rise on the evil and on the 
good.’ Though the nations in ancient times, as 
well as at present, ‘‘walked in their own ways,’% 
indulging in impiety, falsehood, lewdness, war, 
devastations, akaoe, abominable idolatries, and 
every other violation of his law, he still supported 
the functions of their animal frames, and caused 
the influences of the sun, the rains, and the dews, to 
descend upon their fields, that they might be re- 
freshed with his bounty, and filled ‘ with food 
and gladness.’ If mercy were not an essential 
attribute of the Deity, he would have cut them 
down in the midst of their first transgressions, 
shattered te pieces the globe on which they dwelt, 
and buried them in eternal oblivion. But whether 
Divine mercy will extend to the final forgiveness 
of sin, and the communication of eternal happi- 
ness to such beings, can be learned only from the 

discoveries of revelation. 

In relation to the inferior animals—the immense 
. multitude of living creatures with which the earth 
is replenished is a striking evidence of the vast 
profusion of Divine Beneficence. More than a 
hundred thousand species of animated beings are 
dispersed through the different regions of the air, 
the water, and the earth, beside myriads which 
are invisible to the unassisted eye. To estimate 
the number of individuals belonging to any one 
species is beyond the power of man. What count- 
less myriads of herrings, for example, are con- 
tained in a single shoal, which is frequently more 
than six miles long, and three miles broad! To 
estimate the number of individuals in all the dif- 
ferent species, would therefore be as impossible as 
to count the grains of sand in the Arabian des- 
erts. There is not a single spot in any region of 
the globe but what teems with animated beings. 
Yet all this vast assemblage of sensitive existence 
is amply provided for by the bountiful Creator. 
“These all wait upon him, and he giveth them 
their meat.in due season.” They enjoy not only 
life, but also a happy existence. ‘The sportive mo- 
tions and gesticulations of all the animal tribes— 
the bi@ls skimming through the air, warbling in 
the groves, and perching on the trees—the beasts of 
the. field bounding in the forests and through the 
lawns—the fishes sporting in the waters—the rep- 
tiles wriggling in the dust—and the winged in- 
sects, by a thousand wanton mazes—all declare 
that they are rejoicing in their existence, and in 
the ‘exercise of those powers with which the Cre- 
ator has furnished them. So that wherever we 
turn our eyes, we evidently perceive that “the 
earth is full of the goodness of the Lord,” and 
that “his tender mercies are over all, his works.” 

This subject is boundless; but it would be in- 
consistent with the limited plan of this work to 
enter into any particular details. And it is the 
loss. necessary, when we consider that every in- 
stance of Divine Wisdom, is at the same time, an 
instance of benevolence; for it is the ultimate ob- 
ject of all the wise contrivances in the system of 
Nature, that happiness may be. communicated to 
the various ranks of sensitive and intelligent ex- 
istence. Goodness chooses the end, and wisdom 
selects the most proper means for its accomplish- 
ment; so that these. two attributes must always 
be. considered in simultancous operation. And 
therefore, the instances I have already specified of 
the wisdom and intelligence of the Creator may 
also be considered as exemplifications.of Divine 
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Benevolence. Ishall thorefore conclude this topie 
with the following extract from Dr. Parey:— 

“ Contrivance proves design; and the prominent 
tendency of the.contrivance indicates the disposi- 
tion of the designer. The world abounds with 
contrivances; and all the contrivances we are ac- 
quainted with are directed to beneficial purposes. 
Evil, no doubt, exists; but it is never, that we can 
perceive, the object of contrivance. Teeth are 
‘contrived to eat, not to ache; their aching now 
and then is incidental to the contrivance, perhaps 
inseparable from it; or even, if you will, let it be 
called a defect in the contrivance, but it is not the 
object of it. This is a distinction that well de- 
serves to be attended to. In describing implements 
of husbandry, you would hardly say of a sickle, 
that it was made to cut the reaper’s fingers, though 
from the construction of the instrument, and the 
manner of using it, this mischief often happens, 
i if you had occasion to describe instruments 
of torture or execution,—this, you would say, is 
to extend the sinews; this to dislocate the joints; 
this to break the bones; this to scorch the soles of 
the feet. Here pain and misery are the very ob- 
jects of the contrivance. Now, nothing of this 
sort is to be found in the works of Nature. We 
never discover a train of contrivance to bring 
‘about an evil purpose. No anatomist ever disco- 
vered a system of organization calculated to pro- 
duce pain and disease; or, in explaining the parts 
of the human body, ever said, this is to irritate; 
this to inflame; this duct is to convey the gravel 
to the kidneys; this gland to secrete the humor 
which forms the gout. If, by chance he come at 
a part of which he knows not the use, the most 
he can say is, that it is useless; no one ever sus- 
pects that it is put there to incommode, to annoy, 
or torment. Since, then, God hath called forth 
his consummate wisdom to contrive and provide 
for our happiness, and the world appears to have 
been constituted with this design at first, so long as 
this constitution, is upheld by. him, we must, in 
reason, suppose the same design to continue,’’* 

Thus I have endeavored, in this and the pre- 
ceding section, to exhibit a few specimens of the 
Wisdom and Goodness of God in the system of 
nature. These might have been multiplied to an 
indefinite extent; but the imstances adduced, I 
presume, are sufficient to. show, that the economy 
of the materigl, world is not altogether a barren 
subject to a pious and contemplative mind. Every 
intelligent believer in Revelation will readily ad- 
mit, that it would be a highly desirable object, to 
induce upon the mass. of Christians such a habit 
of devout attention to the visible works of crea- 
tion, as would lead them, in their social and soli- 
tary walks, to recognize the agency of God in 
every object they behold; to raise their thoughts 
to him as the Great, First Cause, and to expand 
their hearts with emotions of gratitude. How 
very different must be the sentiments and the 
piety of the man who looks on the scene of wis- 
dom and magnificence around him with a “ brute 
unconscious gaze,’? as thousands of professed 
Christians do—and the grateful and pious. emo- 
tions of him ,who recognizes the benevolent 
agency of God in the motions of his fingers and 
eyeballs; in the pulsation of his heart; in the pic- 
ture of external objects every moment formed on 
his retina; in the reflection of the rays of light, 
and the diversified colors they produce; in the 
drying of his clothes; in the constitution of the 
atmosphere; in the beauty and magnificence 
of the earth and the heavens; and in every other 





* Paley’s Moral Philosophy, Book II, Chap. v. 
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object that meets his eye in the expanse of nature! 
The numberless astonishing instances of Divine 
agency, which everywhere present themselves to 
our view in the scene around us, seem evidently 
intended to arrest the mind to a consideration of 
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an “ever-present Deity;’? and I envy not the 
sentiments or the feelings of that man, who 
imagines that he stands in no need of such sensi- 
ble mediums, to impress his mind with a sense 
of the benevolent care and omnipresence of God 
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CHAPTER LT. 


CONTAINING A CURSORY VIEW OF SOME OF THE SCIENCES WHICH ARE RE- 
LATED TO RELIGION AND CHRISTIAN THEOLOGY. 


Tueoxoey has generally been viewed as a study 
of a very limited range: and hence, when it has 
been admitted into the circle of the sciences, a 
much smaller space has been allotted for-its dis- 
cussion than has been devoted to almost any other 
department of human knowledge. When consi- 
dered, however, in its most extensive sense—in its 
relations to the Divine Being—to his past and pre- 
sent dispensations toward the human race—to the 
present circumstances and the future destiny of 
man—and to the physical and moral condition 
of all the sentient and intelligent beings of which 
we have any intimation—it ought to be viewed 
as the most varied and comprehensive of all the 
sciences; as embracing, within its extensive grasp, 
all the other departments of useful knowledge 
both human and divine. As it has God for its 
object, it must include a knowledge of the uni- 
verse he has formed—of the movements which 
are continually going on throughout the wide 
extent of his empire, in so far as they lie open to 
our inspection—of the attributes which appear to 
be displayed in all his operations—of the moral 
laws he has framed for the regulation of holy 
intelligences — of the merciful arrangements he 
has made for the restoration of fallen man—of the 
plans by which tie knowledge of his will is to be 
circulated and extended in the world in which we 
live—of the means by which truth, and moral 
purity, and ordengire to be promoted among our 
apostate race, in order to their restoration to the 
happiness they have lost—together with all those 
diversified ramifications of knowledge, which 
have either a more remote or a more immediate 
bearing on the grand objects now specified. Like 
the. lines which proceed from the circumfe- 
rence to the center of an immense circle—all the 
moral* arts and sciences which ‘have been invent- 
ed by men—every department of human know- 
ledge, however far it may, at first sight, appear to 
be removed from religion—may be considered as 
having a direct bearing on Theology, as the grand 
central point, and as having a certain tendency to 
promote its important objects. 

It is much to be regretted, that Theology has 
so seldom been contemplated in this point of view 
—and that the sciences have been considered 
rather as so many independent branches of secu- 
lar knowledge, than as subservient to the elucida- 
tion of the facts and doctrines of religion, and to 
the accomplishment of its benevolent designs. 
Hence it has happened that Philosophy and Reli- 
gion, instead of marching hand in hand to the 





* The epithet moral is here used in its application to arts, 
because there are certain arts which must be considered as 
having an immoral tendency, such as the art of war, the art 
of boxing, of gambling, etc., and which, therefore, cannot 
have a direct tendency to promote the objects of religion. 





portals of immortality, have frequently set them- 
selves in hostile array; and combats have ensued 
equally injurious to the interests of both parties. 
The Philosopher has occasionally been disposed 
to investigate the economy of Nature, without a 
reference to the attributes of that Almighty Being 
who presides over its movements, as if ‘the uni- 
verse were a self-moving and independent ma- 
chine; and has, not unfrequently, taken occasion, 
from certain obscure and, insulated facts, to throw 
out insinuations hostile to the truth and the cha- 
racter of the Christian Revelation. The Theolo- 
gian, on the other hand, in the heat of his intem- — 
perate zeal against the infidel philosopher, has 

unguardedly, been led to declaim against the 

study of science, as if it were unfriendly to reli- 

gion — has, in effect, set the works of God in 

opposition to his word—has confounded the fool- 

ish theories of speculative minds with the rational 

study of the works of Deity—and has thus pre- 

vented the mass of mankind from expanding their 
minds, by the contemplation of the beauties and 

sublimities of nature. 

It is now high time that a complete reconcilia- 
tion were effected between these contending par-. 
ties. Religion ought never to disdain to derive: 
her supports and illustrations from the researches 
of science; for the investigations of philosophy 
into the economy of Nature, from whatever mo-- 
tives they may be undertaken, are nothing else 
than an inquiry into the plans and operations of 
the Eternal Mind. And Philosophy ought always 
to consider it as her highest honor to walk asa 
handmaid in the train of that religion which 
points out the path to the regions of eternal bliss. . 
By their mutual aid, and the subserviency of the 
one to the other, the moral and intellectual im- 
provement of man will be promoted, and the: 
benevolent purposes of God in the kingdom of 
providence, gradually accomplished. But, when 
set in opposition to each other, the human mind 
is bewildered and retarded in its progress, and the 
Deity is apt to be considered as set in opposition 
to himself—as proclaiming one system of doc- 
trines from the etonomy of revelation, and an- 
other, and an opposite system, from the economy 
of nature. But if the Christian Revelation, and 
the system of the material world, derived their 
origin from the same Almighty Being, the most 
complete harmony must subsist between the reve- 
lations they respectfully unfold; and the apparent 
inconsistencies which occur, must be owing 
chiefly to the circumstances of our present station 
in the universe, and to the obscure and limited 
views we are obliged to take of some of the grand. 
and diversified objects they embrace. And there- 
fore we have reason to believe, that! when the: 
system of nature shall be more extensively ex-. 
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plored, and the leading objects of revelation con- 
templated in a clearer light, without being tinged 
with the false coloring of party opinions and,con- 
tracted views, and when rational inquirers shall 
conduct their researches with a greater degree of 
reverence, humility, and Christian temper—the 
beauty and harmony of all the plans and revela- 
tions of the Deity, in reference both to the physi- 
cal and the moral world, will be more distinctly 
perceived and appreciated. 

In the following cursory sketches, it forms no 
part of my plan to trace even an outline of the 
different sciences which are connected with reli- 
gion, much less to enter into any particular de- 
tails in relation to their facts and principles. It 
would be comparatively easy to fill up the remain- 
ing sheets of this volume with skeletons of the 
different sciences; but such meager details as be- 
hoved to be» brought forward, could not be inte- 
resting to the general reader, and would fail in 
accomplishing the objects proposed. My design 
simply is, to select some leading facts, or general 
truths, in relation to some of the physical sci- 
ences, for the purpose of showing their connec- 
tion with the objects of religion, and the interests 
of rational piety. At the same time, such definite 
descriptions will be given as will enable common 
readers to appreciate the objects and bearings of 
the different branches of knowledge which may 
be presented to their view. 

» The first science* IJ shall notice, is that of 


NATURAL HISTORY. 


This science, taken in its most comprehensive 
sense, includes a knowledge and description of all 
the known facts in the material universe. 

It is to be regretted, that most books published 
under the title of Natural History, to which com- 
mon readers have access, contain nothing more 
than a general description of animals, as if this 
science were confined merely to one class of be- 
ings; whereas there is an infinite variety of other 
objects seldom noticed, which would appear no 
less interesting, and, in some instances, much 

‘ more novel and gratifying to the general reader, 
and to the youthful mind. All the diversified 
forms of matter, whether existing on the surface 
or in the bowels of the earth, in thes ocean, the 
atmosphere, or in the heavens, form the legiti- 
mate objects of this department of the science of 
nature. 

Were we, therefore, to sketch a comprehensive 
outline of the subjects of Natural History, wé 
might, in the first place, take a cursory survey 
of the globe we inhabit, in reference to its mag- 
nitude, figure, motions, and general arrangements 
—the form, relations, and extent of its continents 
—the numerous islands which diversify the sur- 
face of the ocean—the magnitude, the direction, 
-and the extent of its rivers, and the quantity of 
water they pour into the ocean—the direction, 
elevation, and extent of the different ranges of 
mountains which rise from its surface—the plains, 
morasses, lakes, forests, dells, and sandy deserts, 
which diversify its aspect—the extent, the mo- 





be The term sevence, in its most general and ‘extensive 
sense, signifies knowledge, particularly that species of know- 
ledge which is acquired by the exertion of the human. facul- 
ties. Ina more restricted sense, it denotes a systematic 
species of knowledge which consists of rule and order, such 
as Mathematics, Astronomy, Natural Philosophy, etc.—In 
the discussions contained in this work, it is used in its most 
general sense, as denoting the various departments of hu- 
man knowledge; in which sense, history, both natural, civil 
and sacred, may be termed science, j : 
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tions, the color, and the different aspects of the 
ocean, and the facts which have been ascertained 
respecting its saltness, its depth, its bottom, and 
its, different currents. We.might next take a. 
more particular view of some of the most re- 
markable objects on its surface, and give a detail 
of the facts which are known respecting the his- 
tory of volcanoes—their number—the countries 
in which they are situated—the awful phenomens 
they exhibit—and the devastations they have pro- 
duced—the history of earthquakes, their pheno- 
mena and effects, and the countries most subject 
to their ravages— basaltic and rocky wonders, 
natural bridges, precipices, cataracts, ice islands, 
icebergs, glaciers, whirlpools, mineral wells, reei 
procating fountains, boiling springs, sulphurie 
mountains, bituminous lakes, volcanic islands— 
the various aspects of nature in the different 
zones, and the contrasts presented between tha 
verdant scenes of tropical climes, and the icy 
cliffs of the polar regions. We would next take 
a survey of the subterraneous wonders which lie 
beneath the surface of the earth—the immense 
chasms and caverns which wind in various direc- 
tions among the interior strata of our globe—such 
as the great Kentucky cavern, and the grotto of 
Antiparos—the mines of salt, coal, copper, lead, 
diamond, iron, quicksilver, tin, gold, and silyer— 
the substances which compose the various strata, 
the fossil bones, shells, and petrifactions which 
are imbedded in the different layers, and the bend- 
ings and disruptions which appear to have taken 
place in the substances which compose the exte- 
rior crust of the earth. We might next survey 
the atmosphere with which the earth is environed, 
and give a detail of the facts which have been 
ascertained respecting its specific gravity and 
pressure, the elementary principles with which it 
is compounded, its refractive and reflective pow- 
ers, and the phenomena which result from its 
various properties and modifications—the meteors 
which appear in its different regions—thunder 
and lightning, winds, hail, rain, clouds, rainbows, 
parhelias or mock-suns, meteoric stones, the au- 
rora borealis, luminous arches, ignes fatui, the 
mirage, the fata morgana, hurricanes, monsoons, 
whirlwinds and waterspouts, sounds and echoes. 
In prosecuting our survey of sublunary nature, 
we would next advert to the various orders of the 
vegetable tribes—their anatomical structure—the 
circulation of their juices—the food by which 
they are nourished —the influence of light and 
air on their growth and motions—their male and 
female organs—their periods of longevity—their 
modes of propagation—their diseases and dissolu- 
tion—their orders, genera, and species—their im- 
mense variety—their influence on the salubrity 
of the atmosphere —the relation which their 
trunks, roots, leaves, and fruits, bear to the wants 
of man and other animals, in supplying food, 
clothing, and materials for constructing habita- 
tions—the gums and resinous substances they 
exude —the odors they exhale —the variety of 
colors they exhibit—the vast diversity of forms 
in which they appear—and the beauty and ya- 
riety which they spread over the whole face of 
nature. : 
The mineral kingdom would next require to be 
surveyed. We would inquire into the facts which 
have been ascertained respecting the earthy, saline, 
imlammable, and metallic substances, which are 
found on the surface and in the bowels of the earth 
—their specific and distinguishing characters—the 
elementary principles, or simple substances, of 
which they are composed—the regions of the 
earth where the respective minerals most fro 
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quently abound—and the ends which they are de- 
signed to accomplish in the constitution of the 
globe. We would consider, more particularly, 
the various metals, such as iron, copper, lead, tin, 
gold silver, bismuth, zinc, etc., in reference to the 
substances with which they are united in their 
native ores—the changes produced upon them by 
the action of oxygen and the different acids— 
their combustibility — their combination with 
phosphorus, sulphur, and carbon — the various 
compounds into which they may be formed— 
their important uses in the arts which minister to 
the comfort and embellishment of human life— 
their relation to the multifarious necessities of 
man—and the wisdom and goodness of the Crea- 
tor, as displayed in their arrangement in the bow- 
els of the earth, and in the admirable properties 
of which they are possessed. In these details, the 
natural history of Zron would hold a prominent 
place. In point of utility, it claims the highest 
rank in the class of metals, and is intrinsically 
more valuable than gold and silver, and all the 
diamonds of the East. There is scarcely a mine- 
ral substance in the whole compass of nature 
which affords a more striking instance of the bene- 
ficial and harmonious adaptation. of things in the 
universal system. We would, therefore, consider 
it in reference to its vast abundance in all parts of 
the world—the numerous substances into which 
it enters into combination—its magnetical pro- 
perty—its capability of being fused and welded— 
the numerous useful utensils it has been the 
means of producing—its agency in carrying for- 
ward improvements in art and science, in the 
civilization of barbarous tribes, and in promoting 
the progress of the human mind; and the aids 
which it affords to the Christian missionary in 
heathen lands. 

Having surveyed the inanimate parts of the ter- 
raqueous globe, and its appendages, we might 
next direct our attention to the animated tribes 
with which it is peopled. Beginning at Man, the 
head of the animal creation, we would detail the 


principal facts which have been ascertained re-, 


specting his structure and.organical functions— 
the muscular movements of the human body, the 
system of bones, nerves, veins, and arteries; the 
process of rep and the organs of vision, 
hearing, smelling, tasting, and feeling, by which 
he holds a correspondence with: the material 


world—the modifications which appear in his cor- 
poreal frame, and in his mental faculties, during: 


the periods of infancy, puberty, manhood, and 
old age—the causes and phenomena of sleep and 
dreaming—the varieties of the human race, in re- 
spect of color, stature, and features—the devia- 
tions from the ordinary course of nature, which 
occasionally occur, in the case of monsters, 
dwarfs, and giants—the moral and intellectual fa- 


culties—and those distinguishing characteristics. 


which prove the superiority of man over the 
other tribes of animated nature. 

The inferior ranks of the animal creation would 
next demand our attention. We would take a 
survey of the numerous tribes of Quadrupeds, 
Birds, Fishes, Serpents, Lizards, and Insects, in 
reference to the characteristic marks by which the 
different species are distinguished, — their food, 
and habitations —the different modes in which 
they display their architective facully, in con- 
structing places of abode for shelter and protec- 
tion—the clothing with which they are furnished 
—their sagacity in finding out the proper means 
for subsistence and self-preservation—their hostili- 
ties—their artifices in catching their prey, and 
escaping their enemies—their modes of propaga- 
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tion—their transformations from one state and 
form to another —their migrations to different 
countries and climates—their various instincts— 
their care in rearing and protecting their young— 
their passions, mental characters, and social dis- 
positions — their language or modes of commu- 
nication with each other-—their capacities for 
instruction and improvement — their different 
powers of locomiotion—the adaptation of all their 
organs to the purposes for which they seem in- 
tended—the indications they give of being pos- 
sessed of moral dispositions and rational powers— 
their different periods of longevity, and the ends 
which they are intended to subserve in the sys- 
tem of nature. Along with these details, certain 
views might be exhibited of the various forms of 
sensitive life, and modes of existence, which ob- 
tain in those numerous species of animals which 
are invisible to the naked eye, and which the mi- 
croscope discovers in almost every department of 
nature. 

Having surveyed the objects which compose 
our sublunary system, we would next direct our 
view to the regions of the sky, and contemplate 
the facts which have been discovered in relation 
to the celestial orbs. We would first attend te the 
apparent motion of the sun, the different points 
of the horizon at which it seems to rise and set, 
and the different degrees of elevation to which it 
arrives, at different seasons of the year,—the dif- 
ferent aspects it presents as viewed from different — 
parts of the earth’s surface, and the different 
lengths of days and nights, in different parts of 
the world. We would next attend to the varied 
phases of the moon—the direct and retrograde 
motions of the planets—the apparent diurnal mo- 
tion of the whole celestial sphere, from east to 
west—and the different clusters of stars which are 
seen in our nocturnal sky, at different seasons of 
the year. We would next consider the deductions 
which science has made, respecting the order and 
arrangement of the planets which compose the 
solar system—their distances from the sun, and 
from the earth—their magnitudes—the periods of 
their diurnal and annnal revolutions—the second- 
ary planets, or ‘moons, which accompany them— 


‘their eclipses—the various phenomena which their 


surfaces present when viewed through telescopes 
—the physical influence which some of them 
produce on the surface of our globe—and the sin- 
gular appearance of those bodies called Comets, 
which occasionally visit this part of our system. 
We would, in the next place, extend our views to 
the starry regions, and consider the number of 
stars which present themselves to the naked eye— 
the immensely. greater numbers which are disco- 
vered by telescopes—the systems into which they 
appear to be arranged—the facts which have been 
ascertained respecting new stars—double and tre- 
ble stars—stars once visible, which have now dis- 
appeared from the heavens—variable stars, whose 
luster is increased and diminished at different pe- 
riods of time—and the structure and position of 
the many hundreds of Nebula, or starry systems, 
which appear to be dispersed throughout the im- 
mensity of creation. 

All the particulars now stated, and many others 
which might have been specified—considered sim- 
ply as facts which exist in the system of Nature 
—form the appropriate and legitimate objects of 





| Natural History, and demand the serious attention 


of every rational intelligence, that wishes to trace 
the perfections and agency of the Almighty Crea- 
tor. To investigate the causes of the diversified 
phenomena which the material world exhibits, 
and the principles and modes by which miany of 
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the facts now alluded to are ascertained, is the 
peculiar province of Natural Philosophy, Chemis- 
wy, and the Mathematical Sciences. s 

Atmidst so vast a variety of objects as Natural 
History presents, it is difficult to fix on any parti- 
cular facts, as specimens of the interesting nature 
of this department of knowledge, without going 
beyond the limits to which I am necessarily con- 
fined in this volume. I shall content myself with 
a description of two objects, which have a refer- 
ence chiefly to the vegetable kingdom. ‘The first 
of these is 

Tue Banran Tree — This Tree, which is also 
called the Burr tree, or the Indian Fig, is one of 
the most curious and beautiful of Nature’s pro- 
ductions, in the genial climate of lagi where 
she sports with the greatest variety an usion. 


Each tree is in itself a grove; and some of them 
are of an amazing size and and, contrary 
to most other animal and ve e productions, 


seem to be exempted from decay. Every branch 
from the main body throws out its own roots; at 
first, in small tender fibers, several yards from the 
ground; these continually grow thicker, until, by 
a gradual descent, they reach the surface, and 
there, striking in, they increase to large trunks, 
and become parent trees, shooting out new 
branches from the tops. These in time suspend 
their roots, and, receiving nourishment from the 
earth, swell into trunks, and shoot forth other 
branches; thus continuing in a state of progres- 
sion, so long-as the earth, the first parent of them 
all, contributes her sustenance. A Banian tree, 
with many trunks, forms the most beautiful 
walks, vistas, and cool recesses, that can be ima- 
gined. The leaves are large, soft, and of a lively 
green, about six inches in length; the fruit is a 
small fig, when ripe, of a bright scarlet, affording 


Fig 








tinguished by the name of Cubbeer Burr, which 
was given it in honor of a famous saint. Forbes, 
in his ‘Oriental Memoirs,’ when speaking of the 
age of such trees, states that he smoked hisshookha 
under the very Banian beneath which part of Al- 
exander’s cavalry took shelter. High floods have, 
at various times, swept away a considerable part 
of this extraordinary tree; but what still remains 
is nearly two thousand fect in circumference, mea- 
sured round the principal stems; the overhanging 
pranches, not yet struck down, cover a much 
arger space; and under it grow a number of cus- 
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sustenance to monkeys, squirrels, peacocks, and 
birds of various kinds, which dwell among the 
branches. 

_“ The Hindoos are peculiarly fond of the Ba- 
nian tree; they consider its long duration, its out- 
stretching arms, and its overshadowing benefi- 
cence, as emblems of the Deity, and almost pay 
it divine honors. The Brahmins, who thus ‘ find 
a fane in every sacred grove,’ spend much of their 
time in religious solitude, under the shade of the 
Banian tree; they plant it near their temples or 
pagodas: and in those villages where there is no 
structure erected for public worship, they place 
an image under one of these trees, and there per- 
form a morning and evening sacrifice. The na- 
tives of all castes and tribes are fond of recreating 
in the cool recesses, beautiful walks, and lovely 
vistas of this umbrageous canopy, impervious to 
the hottest beams of a tropical sun. It is re- 
corded that one of these trees shaded all the town 
of Fort St. David and Gombroon. These are the 
trees under which a sect of naked philosophers, 
called Gymnosophists, assembled in Arian’s days, 
and this historian of ancient Greece presents a 
true picture of the Modern Hindoos. ‘fn win- 
ter,’ he says, ‘the Gymnosophists enjoy the bene- 
fit of the sun’s rays in the open air; and, in sum- 
mer, when the heat becomes excessive, they pass 
their time in cool and moist places, under large 
trees, which, according to the accounts of Near- 
chus, cover a circumference of five acres, and-ex- 
tend their branches so far, than ten thousend men 
may easily find shelter under them.’ 

“On the banks of the river Narbudda, in the 
province of Guzzerat, is a Banian tree, supposed, 
by some persons to be the one described by Near- 
chus,who commanded the fleet of Alexander the 
Great, and certainly not inferior to it. It is dis- 
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tard-apple and other fruit trees. The large trunks 
of this single tree amount to three hundred and 
Jiftyj and the smaller ones exceed three thousand; 
every one of these is constantly sending forth 
branches and han ging roots to form other trunks, 
and become the parents of a future progeny. The 
Cubbeer Burr is famed throughout Hindostan, not 
only on account of its great extent, but also of its 
| Surpassing beauty. The Indian armi generally 
;encamp around it; and at stated seasons, solemn 
Jatarras, or Hindoo festivals, to which thousands 
of votaries repair from every part of the Mogul 
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empire, are there celebrated. It is said that seven 
thousand persons find ample room to repose under 
its shade. It has long been the custom of the 
British residents in India, on their hunting and 
shooting parties, to form extensive encampments, 
and spend weeks together, under this delightful 
and magnificent pavilion, which affords a shelter 
to all travelers, particularly to the religious tribes 
of the Hindoos. It is generally filled with green 
wood-pigeons, doves, peacocks, and a variety of 
feathered songsters—with monkeys, which both 
divert the spectator by their antic tricks, and in- 
terest him by the parental affection they display 
to their young offspring, in teaching them to select 
their food, and to exert themselves in jumping 
from bough to bough,—and is shaded by bats of a 
large size, many of them measuring upward of six 
feet frgm the extremity of one wing to the other. 
This tree affords not only shelter, but also suste- 
nance, to all its inhabitants, being covered, amid 
its bright foliage, with small figs, of a rich scar- 
let, on which they all regale with as much delight 
as the lords of creation on their more costly fare, 
in their parties of pleasure.”’ 

The preceding figure will convey a general, 
though imperfect, idea of this singular tree, and of 
the manner in which the branches from the main 
body throw out their shoots, and form the nu- 
merous vistas which are found under its shade. 

This tree, which is doubtless one of the most 
singular and magnificent objects in the vegetable 
kingdom, appears to be a world in miniature, in 
which thousands, both of human beings, and of 
the inferior tribes that traverse the earth and the 
air, may find ample accommodation and sub- 
sistence. What a striking contrast does it pre- 
sent to the forests of trees, or mushroons, which 
are perceived by the help of the microscope, in a 
piece of moldiness—every plant of which is 
several hundreds of times smaller than the point 
of a fine needle! Yet both are the effects of the 
agency of the same All-wise and Omnipotent Be- 
ing. And whatan immense variety of gradations 
is to be found in the vegetable world, between 
these two extremes—every part of the vast inter- 
val being filled up with flowers, herbs, shrubs, 
and trees, of every color, form, and size, and in 
such vast multitudes: and profusion that no man 
can number them! 

An object which approximates in a certain de- 
gree to the one now described, is mentioned in 
“Staunton’s Account. of Macartney’s Embassy 
to China,” p. 70. It is called. by Botanists, Adan- 
sonia, and is also known by the name of the 
Monkey Bread Tree, and was discovered in the 
Island of St.Jago. “The circumference or girth 
of the base was 56 feet, which soon divided into 
- two vast branches, the one in a perpendicular 
direction, whose periphery, or girth, was 42 feet, 
the other 26. Another, of the same species, stood 
near it, whose single trunk, girthing 38 feet, was 
searcely noticed.” 

The only other specimen IJ shall exhibit to the 
reader, has a relation both to the animal and to 
the vegetable kingdom It is well known that 
the examination of flowers, and vegetables, of 
every description, by the microscope, opens a 
new and interesting field of wonders to the in- 
quiring naturalist. Sir Joun Hix has given the 
following curious account of what appeared on 
his examining a carnation:— 

“The principal flower in an elegant bouquet 
was a carnation: the fragrance of this led me to 
enjoy it frequently and near. The sense of smell- 
ing was not the only one affected on these occa- 
sions: while that was satiated with the powerful 
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sweet, the ear was constantly attacned by an ex- 
tremely soft, but agreeable murmuring sound. It 
was easy to know, that some animal within the 
covert must be the musician, and that the little 
noise must come from some little creature suited 
to produce it. I instantly distended the lower 
part of the flower, and placing it in a full light, 
could discover troops of little insects frisking, 
with wild jollity, among the narrow pedestals that 
supported its leaves, and the little threads that oc- 
cupied its center. What a fragrant world for 
their habitation! What a perfect security from 
all annoyance, in the dusky husk that surrounded 
the scene of action! Adapting a microscope to 
take in, at one view, the whole base of the flower, 
I gave myself an opportunity of contemplating 
what they were about, and this for many days to- 
gether, without giving them the least disturbance. 
Thus, I could « er their economy, their pas- 
sions, and their enjoyments. The microscope, on 
this occasion, had given what nature seemed ta 
have denied to the objects of contemplation. 
The base of the flower extended itself, under its 
influence, to a vast plain; the slender stems of 
the leaves became trunks of so many stately 
cedars; the threads in the middle seemed columns 
of massy structure, supporting at the top their 
several ornaments; and the narrow spaces between 
were enlarged in walks, parterres, and _ terraces. 

On the polished. bottoms of these, brighter than 
Parian marble, walked in pairs, alone or in larger 
companies, the winged inhabitants; these, from 
little dusky flies, for such only the naked eye 
would have shown them, were raise glorious 
glittering animals, stained with living purple, and 
with a glossy gold, that would have made all the 
labors of the loom contemptible in the compari- 
son.—I could, at leisure, as they walked together, 
admire their elegant limbs, their velvet shoulders, 
and their silken wings; their backs vieing with 
the empyrean in its blue; and their eyes, each 
formed of a thousand others, out-glittering the 
little planes on a brilliant; above description, and 
too great almost for admiration. I could observe 
them here singling out their favorite females; 
courting them with the music of their buzzing 
wings, with little songs, formed for their little 
organs, leading them from walk to walk, among 
the perfumed shades, and pointing out to their 
taste, the drop of liquid nectar, just bursting from 
some vein within the living trunk—here were the 
perfumed groves, the more than mystic shades of 
the poet’s fancy realized. Here the happy lovers 
spent their days in joyful dalliance, or in the tri- 
umph of their little hearts, skipped after one an- 
other, from stem to stem, among the painted trees, 
or winged their short flight to the close shadow 
of some broader leaf, to revel undisturbed in the 
hights of all felicity.” 

This picture of the splendor and felicity of in- 
sect life, may, to certain readers, appear somewhat 
overcharged. But those who have been much in 
the habit of contemplating the beauties of the 
animal and vegetable world, through microscopes, 
can easilysenter into all the views which are here 
described. I have selected. this example, for the 
purpose of illustrating the unbounded goodness 
of the Creator, in the vast profusion of enjoy- 
ment he has communicated even to the lowest 
tribes of animal existence, and as a specimen of 
those invisible worlds which exist beyond the 
range of our natural vision. For it appears, that 
there is a gradation of worlds downward, as well 
as upward. However small our globe may ap- 
pear when compared with the sun, and with the 
immensity of starry systems which lie dispersed 
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through the infinity of space, there are worlds 
filled with myriads of living beings, which, in 
point of size and extent, bear as small a proportion 
to the earth,as the earth bears to the vast assem- 
blage of the celestial worlds. A single flower, a 
leaf, or a drop of water, may appear as large, and 
as diversified in its structure, to some of the beings 
which inhabit it, as the whole earth appears to the 
view of man: anda thousand scenes of magnifi- 
cence and beauty may be presented to their sight, 
of which no distinct conception can be formed 
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by the human mind. The many thousands of | 


transparent globes, of which their eyes are com- 
posed, may magnify and multiply the objects 
around them without end, so that an object 
scarcely visible to the eye of man, may appear to 
them as a vast extended universe. 


‘Having examined,” suys Sr. Presi “one 
day, by a microscope, the flowers of thyme, I 
distinguished in them, with equal surprise and 
delight, superb flagons with long necks, of a sub- 
stance resembling the amethyst, from the gullets 
of which seemed to flow ingots of liquid gold. I 
have never made observations of the corolla, sim- 
ply of the smallest flower, without finding it com- 
posed of an.admirable substance, half transparent, 
studded with brilliants, and shining in the most 
lively colors. The beings which live under a re- 
flex thus enriched must have ideas very different 
from ours, of light, and of the other phenomena 
of nature. of dew, filtering in the capil- 
lary and transparent tubes of a plant, presents to 
them thousands of cascades; the same drop fixed 
as a wave on the extremity of one of its prickles, 
—an ocean without a shore; evaporated into air, 
avast aerial sea.—lt is credible, then, from analo- 
gy, that there are animals feeding on the Jeaves 
of plants, like the cattle in our meadows and on 
our mountains, which repose under the shade of a 
down imperceptible to the naked eye, and which, 
from goblets formed like so many suns, quaff nec- 
tar of the color of gold and silver.” 

Thus it appears that the universe extends to 
infinity on either hand; and that wherever matter 
exists, from the ponderous globes of heaven down 
to the invisible atom, there the Almighty Creator 
has prepared habitations for countless orders of 
existence, from the seraph to the animaleule, in 
order to demonstrate his boundless beneficence, 
and the infinite variety of modes by which he can 
diffuse happiness through the universal system. 


‘* How sweet to muse upon His skill, display’d— 
Infinite skill!—in all that he has made, 
To trace in Nature’s most minute design, 
The signature and stamp of Power Divine; 
Contrivance exquisite, express’d with ease, 
Where unassisted sight no\beauty sees; 
‘The shapely limb and lubricated joint, 
Within the small dimensions of a point; 
Muscle and nerve miraculously spun, 
His mighty work; who speaks and it is done: 
Th’ Invisible in things scarce seen reveal’d; 
To whom an atom is an ample field !”—Cowrrr. 


With regard to the religious tendency of the 
study of Natural History, it may be remarked, 
that as all the objects which it embraces are the 
workmanship of God, the delineations an& descrip- 
tions of the Natural Historian must be considered 
as “the history of the operations of the Crea- 
tor;”’ or, in other words, so far as the science ex- 
tends, “ the history of the Creator himself; ’? for 
the marks of his incessant agency, his power, 
wisdom, and beneficence, are impressed on every 
object, however minute, throughout the three 
kingdoms of nature, and throughout every region 
of earth, air, and sky. As the Deity is invisible 
to mortal eyes, and cannot be directly contempla- 
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ted by finite minds, without some material mo- 
dium of communication, there are but two medi- 
ums with which we are dcquainted by which we 
can attain a knowledge of his nature and perfec- 
tions. These are, either the facts which have 
occurred in the course of his provideutial dispen- 
sations toward our race, since the commencement 
of time, and the moral truths connected with 
them—or the facts which are displayed in the 
economy of nature. The first class of facts is 
recorded in the Sacred History, and in the An- 
nals of Nations; the second class is exhibited in 
the diversified objects and motions which appear 
throughout the system of the visible universe. 
The one may be termed the Moral History, and 
the other the Natural History of the operations 
of the Creator. It is obviously incumbent on 
every rational being to contemplate the Creator 
through both these mediums, for each of them 
conveys its distinct and peculiar revelations; and, 
consequently, our perception of Deity through 
the one medium does not supersede the necessity 
of our contemplating him through the other 
While, therefore, it is our duty to contemplate the 
perfections, the providence, and the agency of 
God, as displayed in the Scripture-revelation, it 
is also incumbent upon us to trace his attributes 
in the system of Nature, in order that we may 
be enabled to contemplate the Eternal Jehovah, 
im every variety of aspect in which he has been 
pleased to exhibit himself in the universe he has 
formed, 

The visible creation may be considered as a 
permanent and sensible manifestation of Deity; 
intended every moment to present to our view the 
unceasing energies of Him “in whom we live 
and move.” And if the train of our thoughts 
were directed in its proper channel, we would 
perceive God in every object and in every move- 
ment; we would bebold him operating in the 
whirlwind and in the storm; in the subterraneous 
cavern and in the depths of the ocean; in the gen- 
tle rain and the refreshing breeze; in the rainbow, 
the fiery meteor, and the lightning’s flash; in the 
splendors of the sun and the majestic movements 
of the heavens; in the sking of the lambs, the 
songs of birds, and the buzz of insects; in the 
circulation of our blood, the movements of our 
joints, the motion of our eye-balls, and in the 
rays of light which are continually darting from 
surrounding objects, for the purposes of vision. 
For these and ten thousand other agencies in the 
system of nature, are nothing else but the voice 
of Deity, proclaiming to the sons of men, in 
silent but emphatic language, “Stand still, and 
consider the wonderful works of God.” 

If, then, it be admitted that the study of Na- 
ture is the study of the Creator—to overlook the 
grand-and beautiful scenery with which we are. 
surrounded, or to undervalue anything which In- 
finite Wisdom has formed, is to overleek and con- 
temn the Creator himself. Whatever God has 
thought proper to create, and to present to our 
view in the visible world, it becomes man to study 
and contemplate, that from thence he may derive 
motives to excite him to the exercise of reverence 
and adoration, of gratitude and praise. In so far 
as any individual is unacquainted with the vari- 
ous facts of the history of nature, in so far does 
he remain ignorant of the manifestations of Dei- 
ty; for every object on the theater of the universe 
exhibits his character and designs ina different 
point of view. He who sees God only as he dis- 
plays himself in his operations on earth, but 
has never contemplated the firmament with the 
eye of reason, must be unacquainted with those 
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amazing energies of eternal Power, which are dis- 
played in the stupendous fabric and movements 
of the orbs of heaven. He who sees God only in 
the general appearances of nature, but neglects to 
penetrate into his minute operations, must remain 
ignorant of those astonishing manifestations of 
Divine wisdom and skill, which appear in the 
contrivances, adaptations, and functions of the 
animal and the vegetable kingdoms. For the 
more we know of the work, the more accurate 
and comprehensive will be our views of the Intel- 
ligence by whom it was designed; and the farther 
we carry our investigations of the works of God, 
the more admirable and astonishing will his plans 
and perfections appear. 

In short, a devout contemplation of the works 
of nature tends to ennoble the human soul, and 
to purify and exalt the affections. It inspires the 
mind with a relish for the beauty, the harmony, 

.and order, which subsist in the universe around 
us—it elevates the soul to the love and admiration 
of that, Being who is the Author of all our com- 
forts and of all that is sublime and beneficent in 
creation, and excites us to join with all holy be- 
ings in a chorus of praise to the God and Father 
of all. For they 


“ Whom nature’s works can charm, with God himself 
Hold converse, grow familiar day by day 
With his conceptions, act upon his plan, 
And form to his the relish of their souls.” 


The man who surveys the vast field of nature 
with the eye of reason and devotion, will not only 
acqtire a more comprehensive view of that illimi- 
table power which anized the universe, but 
will find his sources of enjoyment continually in- 
creased, and will feel an ardent desire after that 
glorious world, where the vail which now hides 
from our sight some of the grandest manifesta- 
tions of Deity will be withdrawn, and the won- 
ders of Omnipotence be displayed in all their 
splendor and perfection. 

In conformity with these sentiments, we find 
the inspired writers, in numerous instances, call- 
ing our attention to — of creating power 
and wisdom. In one of the first speeches in which 
the Almighty is introduced as addressing the sons 
of men, and the longest one in the Bible,* our 
attention is exclusively directed to the subjects of 
Natural History ;—the whole address having a 
reference to the economy of Divine Wisdom in 
the arrangement of the world at its first creation 
—the wonders of the ocean, and of light and 
darkness—the phenomena of thunder and light- 
ning, rain, hail, snow, frost, and other meteors in 
the atmosphere—the intellectual faculties of man, 
and the economy and instincts of quadrupeds, 
birds, fishes, and other tribes of animated exist- 
ence. Indeed, the greater part of the sublime 
descriptions contained in the book of Job has. a 
direct reference to the agency of God in the ma- 
terial creation, and to the course of his providence 
in relation to the different characters of men; and 
the reasonings of the different speakers in that 
sacred drama, proceed on the supposition, that 
their auditors were intimately acquainted with the 
varied appearances of nature, and their tendency 
to exhibit the character and perfections of the 
Omnipotent Creator. We find the Psalmist, in 
Psalm civ, employed in a devout description of 
similar objects, from the contemplation of which 
his mind is raised to adoring views of their Al- 
mighty Author—and, from the whole of his sur- 
voy, he deduces the following conclusions:—“* How 





* Job, chaps, xxxviii, xxxix, xl, xli. 
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‘manifold are thy works, O Lord! ‘Jn wisdom thou 
hast made them all! The earth is full of thy 
riches; so is this great and wide sea, wherein are 
things creeping innumerable, both small and great 
beasts. The glory of the Lord shall endure for- 
ever; the Lord shall rejoice in all his works.* 1 
will sing unto the Lord as long as I live; I will 
sing praises to my God while I have my being.” 

But in order to enter into the spirit of such 
sublime reflections, we must not content ourselves 
with a superficial and cursory view of the objects 
and operations of nature,—we must not think it 
sufficient to acquiesce in such vague propositions 
as these: “The glory of God is seen in every 
blade of grass, and every drop of water; all na- 
ture is full of wonders, from the dust of the earth 
to the stars‘of the firmament.’? We must study 
the wolll. of creation with ardor, survey them 
with minute attention, and endeavor to acquire a 
specific and comprehensive. knowledge of the Crea- 
tor’s designs. We must. endeavor to acquire a 
knowledge of the particular modes, circumstances, 
contexture, configurations, adaptations, structure, 
functions, and relations of those objects in which 
benevolence and design conspicuously appear—in 
the animal and the vegetable world, in the ocean, 
the atmosphere, and the heavens; that the mind 
may be enabled to draw the conclusion with full 
conviction and intelligence—‘‘In wisdom thou hast 
made them all’? The pointed. interrogatories 
which Jehovah addressed to Jaeyicenty imply 
that Job had previously acquired an intimate ac- 
quaintance with the works of nature. It seems 
to be taken for granted, as a matter o eb, that 
he had made himself acquainted with the general 
range of facts in the visible creation; and the in- 
tention of the several questions presented to his 
consideration evidently was, to impress him with 
a sense of his own impotency, and to lead him to 
the investigation of the wonders of Creating 
Power, which he had formerly overlooked. The 
conclusion which the Psalmist draws respecting 
the Wisdom displayed throughout all the works of 
God, plainly intimates, that he had made the dif- 
ferent parts of nature the subject of minute ex- 
amination and of deep reflection; otherwise he 
could not have rationally deduced his conclusion, 
or felt those emotions which filled his mind with 
the pious raptures so beautifully expressed in that 
hymn of praise to the Creator of the world. 

We have therefore reason to believe, from 
these and other instances, that pious men, “‘in the 
days of old,’? were much more accustomed than 
modern Christians to contemplate and admire the 
visible works of the Lord; and it is surely much 
to be regretted, that we, who enjoy so many su- 
perior means of information, and who have access 
to the briiliant discoveries of later and more en- 
lightened times, should manifest so much disre- 
gard to “the works of Jehovah, and the opera- 
tions of his hands.’?. To enable the common 
mass of Christians to enter into the spirit of this 
delightful study and Christian duty, should, there- 





* The glory of the Lord, in this passage, denotes the dis- 
play of bis perfections in the material universe; and the de 
claration of the inspired writer plainly intimates, that this 
display will continue forever, and will remain as object 
of unceasing contemplation to all intelligences, and as an 
eternal monument of his Power and Wisdom. For although 
the earth and the aerial heavens will be changed at the close 
of that dispensation of Providence which respects our world, 
yet the general frame of the universe, in its other parts, 
will remain substantially the same; and not only so, but will, 
in all probability, be perpetually increasing in magnitude 





and grandeur. And the change which will be effected in 
respect to the terraqueous globe and its appendages will be 
such that Jehovah will have reason to “ rejoice” in this, as 
well as in all his other works. 
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fore, be one object of those periodical and other 
religious works which are put into their hands; 
so that they may be enabled, with vi 
ligence, to form the pious resolution of Asaph, 


“J will meditate on all thy works, O Lord! and 


talk of thy doings.” “I will utter abundantly 


the memory of thy great goodness, and tell of all 


thy wondrous works.” = i e 
|shore, and view the ships leaving the coast, in 


GEOGRAPHY. 


The next department of knowledge I shall no- 
tice is the science of Geography. 

The object of this science is, to describe the 
world we inhabit, in reference to the continents, 
islands, mountains, oceans, seas, rivers, empires, 
and kingdoms with which it is a to- 
gether with the manners, customs, and re igion of 
the different tribes which people its surface. 

In order to form an accurate conception of the 
relative positions of objects on the surface of the 
earth, and to enter, with intelligence, on the study 
of this subject, it is requisite, first of all, to have 
an accutate idea of its figure and magnitude. For 
a long series of ages, it was supposed, by the bulk 
of mankind, that the surface of the earth was 
nearly a plane, indefinitely extended, and bounded 
onall sides by the sky. Luactantius, and several 
of the Fathers of the Christian Church, strenu- 
ously argued, that the earth was extended infinite- 
ly downward, established upon several fotin- 
dations. The ancient philosopher Heraclitus is 
said to have believed, that the earth was of the 
shape of a skiff or canoe, very much hollowed; 
and the philosopher Leucippus supposed it to be 
of the form of a cylinder or a drum. It is. only 
within the period of the last three hundred years 
that the true figure of the earth has been accu- 
rately ascertained. This figure is now found to 
be that of an oblate spheroid, nearly approaching 
to the shape of a globe or sphere. ‘T’o have as- 
serted this opinion several ages ago would have 
been considered as.a heresy in religion, and would 
have subjected its abettors to the anathemas of the 
Church, and even to the peril of their lives. \ His- 
torians inform us, that the learned Spigelius, bish- 
op of Upsal, in Sweden, suffered martyrdom at 
the stake, in defense of the doctrine of the An- 
tipodes; and we know that, for asserting the mo- 
tion of the earth, the celebrated philosopher Gali- 
leo was immured in a dungeon, and condemned 
by an assembly of Cardinals, to all the horrors of 
perpetual imprisonment. The doctrine he main- 
tained, and which is now universally received by 
every one acquainted with the subject, was de- 
clared by those arrogant ecclesiastics to be “a pro- 
position absurd in its very nature, false in philoso- 
phy, heretical in religion, and contrary to the 
oly Seriptures.’’? Such are some of the horrible 
and pernicious. consequences which flow from ig- 
norance of the phenomena of nature, and of those 
laws by which the Almighty governs the universe 
he has formed; and which prove it to be a Christian 
duty for every rational being to study the order 
and economy of the visible world. 

That the earth is nearly of a globular figure is 
proved by the following considerations:—1. When 
we stand on the sea-shore, while the sea is per- 
fectly calm, we perceive that the surface of the 
water is not quite plane, but convex or rounded: 
and if we are on one side of an arm of the'sea, 
as the Frith of Forth, and with our eyes near the 
water, look toward the opposite coast, we shall 
plainly see the water elevated between our eyes 
and the opposite shore, so as to prevent our seeing 
the land near the edge of the water. The same 
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experiment may be made on any portion of ‘still 
water, of a mile or two in extent, when its con- 
vexity will be perceived by the eye. A little boat, 
for instance, may be perceived by a man who is 
‘any hight above the water, but if he stoops down, 
and lays his eye near the surface, he will find that 
the fluid appears to rise, and intercept the view 
of the boat. 2. If we take our station on the sea- 


any direction—as they retire from our view, we 

may perceive the masts and rigging of the vessels 
when the hulls are out of sight, and, as it were, 
sunk on the water. On the other hand, when a 
ship is approaching the shore, the first part of her 
that is seen is the topmast; as she approaches 
nearer, the sails become visible, and, last of all, the 

hull comes gradually into view.* The reason of 

such appearances obviously is, that the round or 
convex surface of the water interposes between 
our eye and the body of the ship, when she has 
reached a certain distance, while, at the same 
time, the sails and topmast, from their great ele- 
vation, may be stillin view. To the same cause 
it is owing, that the higher the eye is placed, the 
more extensive is the prospect; and hence it is 
common for sailors to climb to the top of masts, 
in order to discover land or ships at a distance. 
The contrary of all this would take place, if the 
earth and waters were an extended plane. When 
a ship came within view, the hull would first 
make its appearance, being the largest object, next 
the sails, and last of all the topmast. These con- 
siderations, which hold true in all parts of the 
world, prove to a certainty, that the mass of the 
ocean is of a globular forms and if the ocean be 
a portion of a sphere, it follows, that the land also 
is of the same general figure; for no portion of 
the earth’s surface is elevated above four or five 
miles above the level of the ocean. 3. That the 
earth is round from north to south, appears from 
the follewing circumstances:—W hen we travel a 
considerable distance from north to south, or from 
south to north, a number of new stars successively 
appear in the heavens, in the quarter to which we 
are advancing, and many, of those in the opposite 
quarter gradually disappear, which would not 
happen if the earth were a plane in that direction. 
4, That the earth is round from east to west, ap- 
pears from actual experiment; for many naviga- 
tors, by sailing in a westerly direction, have gone 
quite round it, from east to west; and were it not 
for the frozen seas, within the polar regions, which 
interrupt navigation in those directions, it would, 
long ere now, have been circumnavigated froin 
north to south. 5. All these proofs are confirmed 
and illustrated by eclipses of the moon, which 
present an ocular demonstration of the earth’s ro- 
tundity. An eclipse of the moon is caused by the 
intervention of the body of the earth between the 
sun and the moon; in which case, the shadow of 
the earth falls upon the moon. This shadow is 
found in all cases, and in every position of the earth, 
to be of a circular figure; which incontrovertibly 
proves that the whole mass of land and water, of 
which the earth is composed, is nearly of a globu- 
lar form. The mountains and vales which diver- 
sify its surface, detract little or nothing from its 
globular shape; for they bear no more proportion 
to its whole bulk than a few grains of sand to a 
common terrestrial globe; the highest mountains ~ 
on its surface being little more than the two-thou- 
sandth part of its diameter. Some of the moun- 

= 





*In order to make such observations to ntage, the 
observer’s eye should be,.as near as possihle, ae level with 
the sea, and he should use a telescope to enable him to per- 
ceive more distinctly the upper parts of the vessel, 
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tains on the surface of the moon are higher than 
those on the earth, and yet that body appears, both 
to the naked eye and through telescopes, of a 
spherical figure. 

-To some readers, the discovery of the true fig- 
ure of the earth may appear as a matter of very 
trivial importance in religion. I hesitate not, 
however, to affirm, that it constitutes a most im- 
portant fact in the history of Divine Providence. 
Had not this discovery been made, it is probable 
that the vast continent of America might yet have 
remained undiscovered; for Columbus, who first 
discovered that new world, had learned, contrary 
to the general opinion ,of those times, that the 
earth was of a spherical figure; and, from the 
maps then existing, he began to conjecture that | 
the nearest way of sailing to the Kast Indies would 
be to sail westward. And although he missed the 
object of his research, he was the means of lay- | 
ing open to view a vast and unknown region of 
the earth, destined, in due time, to receive from 
the eastern world the blessings of knowledge, 
civilization, and religion. On the knowledge of: 
the spherical figure of the earth, the art of navi- 
gation in a great measure depends; and all the 
voyages of discovery which have been made in 
later years, were undertaken in consequence of 
the knowledge of this fact. Had mankind re- 
mained unacquainted with this discovery, the cir- 
cumnavigation of the globe would never have 
been attempted—vyast portions of the habitable 
world would have remained unknown and unex- 
plored—no regular intercourse would have been 
maintained between the various tribes of the hu- 
man race, and consequently, the blessings of Di- 
vine Revelation could never have been communi- 
cated to the greater part of the Gentile world. 
Beside, the knowledge of,the true figure and mag- 
nitude of our sublunary world forms the ground- 
work of all the sublime discoveries which have 
hitherto been made in the regions of the firma- 
ment. For its diameter forms the base-line of 
those triangles by which the distances and magni- 
tudes of the celestial globes have been determined,* 








*In order that the general px may understand what is 
meant by “the diameter of the earth forming the base-line of 
those triangles by which the distances, etc. of the heavenly 
bodies are measured,” it may not be unnecessary to state the 
following explanations. 

In any triangle, as A BC, if the length of the side A B 
be known, and likewise the quantity of the angles at A and 
B, or the number of degrees or minutes they subtend, be 
ascertained, we can find the length of the sides A C and B 
C. If A B represent a horizontal plane, 100 feet in extent, 
and C B a tower whose hight we wish to determine, and if, 
with a quadrant, we find the angle at A,or C'\A B, to be 43 
degrees; then by an easy trigonometrical process—Radius; | 
is to the tangent of A, 43°: :as the side A B, 100 feet: 
is to the hight of the tower C B, which, in this case, will be 
found to be 9334 feet. 
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it is on this general principle that the distances and mag- 
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nitudes of thecelestial bodies are determined. But, in all | 
cases where we wish to ascertain the dimensions of the dif- 
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without a knowledge of the extent of which, the 
important results which have been deduced re- 
specting the system of the universe, could not 
have been ascertained, and consequently, our 
views of the grandeur.and omnipotence of the 
Deity, and of the magnificence and extent of his 
dominions, must have been much more circum- 
scribed than they now are. Such is the intimate 
connection that subsists between every part of 
the chain of Divine dispensations, that if any one 
link had been either broken or dissolved, the state 
of things, in the moral and intellectual world, 
would have been very different from what it now 
is; and the plans of Providence, for accomplish- 
ing the renovation and improvement of mankind, 
would have been either partially or totally frus- 
trated. pF 

With regard to the magnitude of the earth—I 
have already stated the mode by which we may 
acquire the most accurate and comprehensive 
conception of this particular, in the course of the 
illustrations which were given of the Omnipo- 
tence of Deity—(pp. 15-1 vie It is necessary here 
only to remark that, according to the latest com- 
putations, the diameter of the earth is about 7930 
miles, and its circumference 24,912 miles; and 
consequently, the whole surface of the land and 
water it contains comprehends an area of 197,- 
592,160 miles. The proportion of land and water 
on its surface cannot be very accurately ascer- 
tained; but it is quite evident, from an inspection 
of a map of the world, that the water occupies at, 





along with two angles, otherwise the Jength of the different 
sides of the triangle cannot be determined.—Now, in mea- 
suring the distance of a heavenly body, such as the Moon, 
the diameter or semidiameter of the earth is the known side 
of the triangle by which such a distance is to be found, In 


Fig. 14, let E C represent the Earth, M the Moon, and A B 
Fig. 14. 





a portion of the starry firmament. If a speetator at the 
earth’s surface at E view the moon in the horizon, it will 
appear in the line EH M, among the stars at H. But, if 
viewed from the center of the earth at C or from the surface 
at D,it will appear in the line C DM, among the stars at 
$. The difference of position in which the moon is seen, 
as viewed from the surface of the earth I, and the center C, 
is called the moon’s horizontal parallax, or the are 8 H, 
which is subtended by the angle S M H, which is equal to 
the angle EMC. In determining the distance of the moon, 
therefore, we must first find, by observation, the horizontal 
parallax, or, in other words, the angle E M C3 and the side 
EC, or the semidiameter of the earth being known to be 
about 4000 miles in extent, forms the base-line of the triangle 
E M OC, and hence the other sides of the triangle E M and 
CM, or the distance of the moon from the earth, can be 
found by an easy calculation, 

From what has been now stated it will appear that, were 
we ignorant of the figure and magnitude of the earth, we 
could not ascertain the distance of the moon or any other 
celestial body., In the above explanation I have merely 
stated the principle on which astronomers proceed in mea- 
suring the distances of bodies in the heavens, without de- 
scending into details. For a more particular explanation 
and illustration of this subject, the reader is referred to the 
author’s work entitled “ Celestial Scenery,” chap. vii, where 








ferent parts of a triangle—one side, at least, must be given, 


the subject is pretty fully and popularly treated, 
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least two-thirds of its surface, and of course the 
land cannot occupy more than one-third. Sup- 
posing it to be only one-fourth of the earth’s 
» surface, it will contain 49,388,040 square miles, 
which is considerably more than what is stated in 
most of our late systems of Geography; in some 
of which the extent of the land is rated at 39 
millions, and in others so low as 30 millions of 
square miles—the former of which statements 
being less than one-fifth, and the latter less than 
one-sixth of the surface of the globe. But it is 
quite obvious that the extent of the land cannot 
be less than one-fourth of the area of the globe, 
and must, therefore, comprehend at least about 
’ 50 millions of square miles. And if a large arctic 
continent, eleven hundred leagues in length, exist 
around the North Pole, as some French philoso- 
phers infer, from Captain Parry’s late overies* 
—the quantity of land on the terraqueous globe will 
be-much greater than what has now been stated. 

GeveraL Divisions or THE Earru.—The sur- 
face of the earth is divided, from north to south, 
by two bands of earth, and two of water. The 
first band of earth is the ancient or Eastern 
Continent, comprehending Europe, Asia, and Af- 
rica; the greatest length of which is found to be 
in a line beginning on the east point of the north- 
ern part of Tartary, and extending from thence 
to the Cape of Good Hope, which measures about 
10,000 miles, in a direction nearly from north- 
east to south-west; but if measured according to 
the meridians, or from north to south, it extends 
only 7500 miles, from the northernmost cape in 
Lapland to the Cape of Good Hope. This vast 
body of land contains about 36 millions of square 
miles, forming nearly one-fifth of the whole sur- 
face of the globe. The other band of earth is 
what is commonly called the New Continent, 
which comprehends North and South America. 
Its greatest length lies in a line beginning at the 
south of the river Plata, passing through the 
island of Jamaica, and terminating beyond Hud- 
son’s Bay; and it measures about 8000 miles. 
This body of land contains about 14 millions of 
square miles, or somewhat more than a third of 
the Old Continent. 

It may not be improper here to remark, that 
the two lines now mentioned, which measure the 
greatest length of the two continents, divide them 
into two equal parts, so that an equal portion of 
land lies on each side of these lines, and that each 
of the lines has an inclination of about 30 degrees 
to the equator, but in opposite directions; that of 
the old continent extending from the north-east 
to the south-west; and that of the new continent, 
from the, north-west to the south-east; and that 
they both terminate at the same degree of north- 
ern and southern latitude. It may also be noticed, 
that the old and new continents are almost oppo- 
site to each other, and that the old is more exten- 
sive to the north of the equator, and the new 
more extensive to the south. ‘The center of the 
old continent is in the 17th degree of north lati- 
tude, and ‘the center of the new, in the 17th de- 
gree of south latitude; so that they seem to be 
made to counterbalance each other, in order to 
preserve the equability of the diurnal rotation of 
the earth. There is also a singular connection 
between the two continents, namely, that if they 
were divided into. two parts, all four would be sur- 
rounded by the sea, were it not for the two small 
necks of land called the isthmuses of Suez and 
Panama.+ 

Between the two continents now mentioned lie 

See Monthly Magazine, Apri 2° 5 
t See Buffon’s Natural een eee 











THE CHRISTIAN. PHILOSOPHER. 


two immense bands of water, termed the Pacific 
and the Atlantic oceans, whose greatest length is 
likewise in a direction from north to south. 
Beside the two bands of earth to which I have 
adverted, many extensive portions of land are 
dispersed through the ocean, which covers the 
remaining part of the earth’s surface; particularly 
the extensive regions of New Holland, which 
occupy a space nearly as large as the whole of 
Europe, and the Arctic continent, which probab. : 
exists within the North Polar regions, and which 
some French writers propose to designate by the 
name of Boreasia, is, in all probability, of equal 
extent. There are also the extensive islands of 
New Guinea, Borneo, Madagascar, Sumatra, 
Japan, Great Britain, New Zealand, Ceylon, 
Iceland, Cuba, Java, and thousands of others, of 
different dimensions, scattered through the Paci- 
fic, the Indian; and the Atlantic oceans, and 
which form a very considerable portion of the 
habitable regions of the globe. 
GeneraL Features or THE Eartu’s Surrack.— 
In taking a general survey of the external fea- 
tures of the earth, the most prominent objects 
that strike the eye, are those huge elevations 
which rise above the level of its general surface, 
termed Hills and Mountains. These are distri- 
buted in various forms and sizes, through every 
portion of the continents and islands; and, run- 
ning into immense chains, form a sort of connect- 


‘ing band to the other portions of the earth’s sur- 


face. The lurgest mountains are generally formed 
into immense chains, which extend, in nearly the 
same direction, for several hundreds and even 
thousands of miles. It has been observed, by 
some philosophers, that the most lofty mountains 
form two immense ridges or belts, which, with 
some interruptions, extend around the whole 
globe in nearly the same direction. One of these 
ridges lies between the 45th and 55th degrees of 
north latitude. Beginning on the western shores 
of France and Spain, it extends eastward, includ- 
ing the Alps and the Pyrenees, in Europe, the 
Uralian and Altaic mountains, in Asia—extend- 
ing from thence to the shores of Kamtschatka, 
and, after a short interruption from the sea, they 
rise again on the western coast of America, and 
terminate at Canada, near the eastern shore. It 
is supposed that the Chain is continued com- 
pletely round the globe, through the space that is 
covered by the Atlantic ocean, and that the - 
Azores, and other islands in that direction, are 
the only summits that are visible, until we come 
to the British isles. The other ridge runs along 
the southern hemisphere, between the 20th 
and 30th degrees of south latitude, of which 
detached portions are found in the mountains of 
Tucuman and of Paraguay, in South America; 
of Monomotapa and Caffraria, in Africa; in New 
Holland, New Caledonia, the New Hebrides, the 
Friendly, the Society, and other islands in the 
Pacific ocean. From these ridges flow a variety 
of ramifications in both hemispheres, toward the 
Equator and the Poles, which altogether present 
a magnificent scenery, which diversifies and enli- 
vens the surface of our globe. , 

The highest mountains in the world, according 
to some late accounts published in the * Transac- 
tions of the Asiatic Society,’ are the Himalaya . 
chain, north of Bengal, on the borders of Thibet. 
The highest mountain in this range is stated to 
be about 27,000 feet, or a little more than five 
miles in perpendicular hight, and is visible at the 
distance of 230 miles. Nineteen different moun- 
tains in this chain are stated to be above four 
miles in perpendicular elevation. Next to the 


‘GEOGRAPHY. 


Himalayas are the Andes, in South America, 
which extend more than 4000 miles in length, 
from the province of Quito to the straits of Ma- 
ellan. The highest summit of the Andes is 
himboracco, which is said to be 20,600 feet, or 
nearly four miles, above the level of the sea. The 
highest mountains in Europe are the Alps, which 
Tun through Switzerland and the morth of Italy, 
-the Pyrenees, which separate France from 
“Spain, and the Dofrafield, which divide Norway 
from Sweden. The most elevated ridges in’ Asia 
are Mount Taurus, Imaus, Caucasus, Ararat, the 
Uralian, the Altaian, and the Mountains of Japan, 
—in Africa, Mount Atlas, and the Mountains of 
the Moon. Some of the mountains in these 
ranges are found to contain immense caverns or 
perforations, of more than two miles in circum- 
ference, reaching from their summits to an immea- 
surable depth in the bowels of the earth. From 
these dreadful openings are frequently thrown 
up, to an immense hight, torrents of fire and 
smoke, rivers of melted metals, clouds of ashes 
and cinders, and sometimes red-hot stones and: 
enormous rocks, to the distance of several miles, 
accompanied with thunders, lightnings, darkness, 
and horrid subterraneous sounds—producing the 
most terrible devastations through all the sur- 
rounding districts. The most noted mountains 
of this kind in Europe are mount Hecla, in Ice- 
land; Etna, in Sicily ; and Vesuvius, near the 
city of Naples, in Italy. Numbers of volcanoes 
are also to be found in South America, in Africa, 
in the islands of the Indian ocean, and in the 
empire of Japan.* 
We who live in Great Britain where the high- 
est mountain is little more than three quarters of 


a mile in perpendicular elevation, can form no 


adequate idea of the magnificence and awful sub- 
limity of the mountain scenery in some of the 
countries now mentioned, especially when the 
volcano is belching forth its flames with a raging 
noise, and spreading terror and desolation around 
its base. From the tops of the lofty ridges of the 
Andes, the most grand and novel scenes some- 
times burst upon the eye of the astonished tra- 
veler. He beholds the upper surface of the clouds 
far below him covering the subjacent plain, and 
surrounding, like a vast sea, the foot of the moun- 
tain; while the place on which he stands appears 
like an island in the midst of the ocean. He sees 
the lightnings issuing from the clouds, and hears 
the noise of the tempest and the thunders roll- 
ing far beneath his feet, while all is serene around 
him, and the blue vault of heaven appears with- 
out acloud. At other times he contemplates the 
most sublime and extensive prospects—mountains 
ranged around him, covered with eternal snows, 
and surrounding, like a vast amphitheater, the 
plains below—rivers winding from their sources 
toward the ocean—cataracts dashing headlong 
over tremendous cliffs—enormous rocks detached 
from their bases, and rolling down the declivity 
of the mountains with a noise louder than thun- 
der—frightful precipices impending over his head 
—unfathomable caverns yawning from below— 
and the distant volcano sending forth its bellow- 
ings, with its top enveloped in fire and smoke. 
Those who have studied nature on a grand scale 
have always been struck with admiration and 
astonishment at the sublime and awful exhibition 
of wonders which mountainous regions exhibit; 
and perhaps there is no terrestrial scene which 
presents, at one view, so many objects of over- 





# A more particular description of the phenomena of these 
terrific objects will be found in chap. iv, sect, 2. 
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powering magnitude and grandeur, and which 
inspires the mind with so impressive an idea of 
the power of that Almighty Being, who “ weigh- 
eth the mountains in scales, and taketh up the * 
isles as a very little thing.’ ' 

Tur Ocran—The ocean surrounds the earth 
on all sides, and penetrates into the interior parts 
of different countries, sometimes by large open- 
ings, and frequently by small straits. Could the 
eye take in this immense sheet of waters at one 
view, it would appear the most august object 
under the whole heavens. It occupies a space on 
the surface of the globe at least three times greater 
than that which is occupied by the land; com- 
prehending an extent of 148 millions of square 
miles. Though the ocean, strictly speaking, is 
but one immense -body of waters, extending. in 
different irections, yet different names have been 
appropriated to different portions of its surface. 
That portion of its waters which rolls between 
the western coast of America, and the eastern 
shores of Asia, is called the Pacific ocean; and 
that portion which separates Europe and Africa 
from America, the Atlantic ocean. Other portions 
are termed the Northern, Southern, and Indian 
océans. Whenits waters penetrate into the land, 
they form what are called gulfs, and mediter- 
ranean seas. But without following it through 
all its windings and divisions, I shall simply state 
a few general facts. 

With regard to the prrtu of this body of water, 
no certain conclusions have yet been formed. 
Beyond acertain depth, it has hitherto been found 
unfathomable. We know, in general, that the 
depth of the sea increases gradually as we leave 
the shore; but we have reason to believe that this 
increase of depth continues only to a certain dis- 
tance. The numerous islands scattered every- 
where through the ocean, demonstrate, that the 
bottom of the waters, so far from uniformly sink- 
ing, sometimes rises into lofty mountains. It is 
highly probable, that the depth of the sea is some- 
what in proportion to the elevation of the land; 
for there is some reason to conclude, that the 
present bed of the ocean formed the inhabited 
part of the ancient world, previous to the general 
Deluge, and that we are now occupying the bed 
of the former ocean; and if so, its greatest depth 
will not exceed four or five miles; for there is no 
mountain that rises higher above the level of the 
sea. But’ the sea has never been actually sound- 
ed to a greater depth than a mile and 66 feet 
Along the coast its depth has always been found 
proportioned to the hight of the shore; where 
the coast is high and mountainous, the sea that 
washes it is deep; but where the coast is low, the 
water is shallow. To calculate the quantity of 
water it contains, we must therefore suppose a 
medium depth. If we reckon its average depth 
at two miles, it will contain 296 millions of cubi- 
cal miles of water. We shall have a more speci- 
fic idea of this enormous mass of water, if we. 
consider, that it is sufficient to cover the whole 
globe, to the hight of more than eight thousand 
feet; and if this water were reduced to one spheri- 
cal mass, it would form a globe of more than 800 
miles in diameter. 

With regard to its sorrom—As the sea covers 
so great a portion of the globe, we should, no 
doubt, by exploring its interior recesses, discover 
a vast number of interesting objects. So far as 
the bed of the ocean has been explored, it is found 
to bear a great resemblance to the surface of the 
dry land; being, like if, full of plains, caverns, 
rocks, and mountains, some of which are abrupt 
and almost peroendicular, while others rise with 
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a. gentle acclivity, and sometimes. tower above 
the water, and form islands. The materials, too, 
which compose the bottom of the sea are the 
same which form the bases of ithe dryland. It 
also resembles the Jand in another remarkable 
particular;—many fresh springs, and even rivers, 
rise out of it; an instance of which oceurs near 
Goa, on the western coast of Hindostun, and in 
the Mediterranean sea, not far from Marseilles. 
The sea sometimes assumes. different colors. The 
materials which compose its bottom cause it to 
reflect different hues in different places; and its 
appearance is also affected by the winds and by 
the sun, while the clouds that pass over it com- 
municate all their varied and fleeting colors. 
When the sun shines, it is green; when he gleams 
through a fog, it is yellow; near the poles, it is 
black; while in the torrid zone, its color is often 
brown; and, on certain occasions, it assumes a 
luminous appearance, as-if sparkling with fire. 
The ocean has three kinds of motions. The first 
is that undulation which is produced by the wind, 
and which is entirely confined to its surface. It 
has been ascertained that this motion can be 
destroyed, and its surface rendered smooth, by 
throwing oil upon its waves ‘The second motion 
is that continual tendency which the whole water 
in the sea has toward the west, which is greater 
near the equatorthan toward the poles. It be- 
gins on the west side of America, where it'is mo- 
derate; but as the waters advance westward, their 
motion is accelerated; and, after having traversed 
the globe, they return, and strike with great vio- 


_ lence on the eastern shore of South America. 


Being stopped by that continent, they rush, with 
impetuosity, into the Gulf of Mexico, thence 
they proceed along the coast of North America, 
until they come to the south side of the great 
bank of Newfoundland, when they turn off and 
run down through the Western isles. This mo- 
tion is most probably owing to the diurnal revolu- 
tion of the earth on its axis, which is in a direc- 
tion contrary to the motion of the sea. The third 
motion of the sea is the tide, which is a regular 
swell of the ocean every 1214 hours. This mo- 
tion is now ascertained to be owing to the attrac- 
tive influence of the moon, and also partly to 
that of the sun. There is alwaysa flux and re- 
flux at the same time, in two parts of the globe, 
and these are opposite to éach other; so that 
when our Antipodes have high water, we have the 
same. When the attractive powers, of the sun 
and moon act in the same direction, which hap- 
pens at the time of new and full moon, we have 
the highest, or spring tides; but when their attrac- 
tion is ofbosed to each other, which happens at 
the quarters, we have the lowest, or neap tides. 
Such is the ocean, a most stupendous scene of 
Omnipotence, which forms the most magnificent 
feature of the globe we inhabit. When we stand 
on the sea-shore, and cast our eyes. over the ex- 
panse of its waters, until the sky and the waves 
seem to mingle, all that the eye can take in at, one 


survey is but an inconsiderable speck, less than the ! 


hundred-thousandth part of the whole of this vast 
abyss. If every drop of water can be divided into 
26 millions of distinct parts, as some philosophers 
have demonstrated,* what an immense assemblage 
of watery particles must be contained in the un- 
fathomable caverns of the ocean! Here the pow- 
ers of calculation are completely set at defiance; 
and an image of infinity, immensity, and endless 
duration, is presented to the mind. This. mighty 





*The demonstration, of this; proposition may be seen in 
Niouwentyt’s Religious Philosopher, vol. iii, P 652, 
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expanse of waters is the grand reservoir of Nature, 
and the source of evaporation, which enriches the 
earth with fertility and verdure. Every cloud 
which floats in the atmosphere, and every foun- 
tain, and rivulet, and flowing stream, are indebt- 
ed to this inexhaustible source for those watery 
treasures which they distribute through every re- 
gion of the land. In fire, whether we consider 
the ocean as rearing its tremendous billows in the, 
midst of the tempest, or as stretched out into a 
smooth expanse—whether we consider its im- 
measurable extent, its mighty movements, or the 
innumerable beings which glide through its roll- 
ing waves—we cannot but be struck with astonish- 
ment at the grandeur of that Omnipotent Being 
who holds its waters in the “hollow of his hand,” 
and who has said to its foaming surges, “ Hither- 
to shalt thou come, and no farther; and here shall 
thy proud waves' be stayed.” 
Rivers.—The next feature of the earth’s surface - 
which may be noticed, is the rivers with which it 
is indented in every direction. These are exceed- 
ingly numerous, and seem to form as essential a 
part in the constitution of our globe, as the moun- 
tains from which they flow, and as the ocean to 
which they direct their course. It is reckoned, 
that in the old continent, there are only about 430 
rivers, which fall directly into the ocean, or into 
the Mediterranean and the Black seas; but in the 
new continent, there are only about 145 rivers 
known, which fall directly into the sea. In this 
enumeration, however, only the great rivers are 
included, such as the Thames, the Danube, the 
Wolga, and the Rhone. Beside these, there are 
mauy thousands of streams of smaller dimensions, 
which, rising from the mountains, wind in every 
direction, until they fall into the large rivers, or 
are carried into the ocean. The largest rivers 
in Europe are—the Wolga, which, rising in the 
northern parts of Russia, runs a course of 1700 
miles, until it falls into the Caspian sea—the 
Danube, whose course is 1300 miles, from the 
mountains in Switzerland to the Black sea—and 
the Don, which runs a course of 1200 miles. The 
greatest rivers in Asia are—the Hoanho, in China, 
whose course is 2400 miles—the Boorhampooter, 
the Euphrates, and the Ganges. The longest, 
river in Africa is the Nile, the course of which is 
estimated at 2000 miles. In the continent of 
America, the rivers appear to be formed on the 
grandest scale, both as to tHe length of their 
course, and the vast body of waters which they 
pour into the ocean. The Amazon, the largest 
river in the world, runs a course of above 3000 
miles across the continent of South America, 
until it falls into the Atlantic ocean, where it. dis- 
charges a body of waters 150 miles in breadth, 
Next to this is the river St. Lawrence, which is 
more than 2400 miles from its mouth through the, 
lake of Ontario to, the lake Alempigo and the As- 
siniboins; and the rivers La Plata and Mississippi, 
each of whose courses is not less than 2000 miles, 
When we consider the number and the magni- 
tude of these majestic streams, it is evident, that. 
an enormous mass of water is continually pour- 
ing into the ocean from eyery direction. Irom 
observations which haye been made on the river: 
Po, which runs through Lombardy, ana waters a 
tract of land 380 miles long and 120 broad, it is 
found, that it moves at the rate of four miles.an 
hour, is 1000 feet broad and 10 feet in depth, and, 
consequently, supplies. the sea, with 5068 millions: 
of cubical feet of water in a day, or a cubical, 
mile in 29 days. On the supposition that. the 
quantity of water which the: sea receives from. the. 
great rivers in all countries, is proportional to the 
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extent and. surface of these countries, it will fol- 
low: that the quantity of waters carried to the sea 
by, all the other rivers on the globe, is 1083 times 
greater than that furnished by the Po (supposing 
the land, as formerly stated, to contain about 49 
millions of square miles), and will supply the 
ocean with 13,630 cubical miles of water in a 
year. Now reckoning the ocean, as formerly, to 
contain 296. millions of cubical miles of water, 
this last number divided by the former, will give 
a quotient of 21,716. Hence it appears, that, 
were the ocean completely drained of its waters, 
it would require more than twenty thousand years * 
before its caverns could be again completely filled 
by all the rivers in the world running into it, at 
their present rate. 

Here two questions will naturally occur— 
Whence do the rivers receive so constant a sup- 
ply of water? and, Why has not the ocean long 
ago overflowed the world, since so prodigious a 
mass of water is continually flowing into its 
abyss? This was.a difficulty which long puzzled 
philosophers; but it is now satisfactorily solved, 
from. a consideration of the effects of evaporation. 
By the heat of the sun, the particles.of water are 
drawn up into the atmosphere, from the surface 
of the ocean, and float in the air in the form of 
clouds, or vapor. These vapors are carried, by 
the winds, over the surface of the land, and are 
again condensed into water on the tops and the 
sides of the mountains, which, gliding down into 
their crevices and caverns, at length break out 
into springs, a number of which meeting in one 
common valley, become a river; and many of 
these united together, at length form such streams 
as the Tay, the Thames, the Danube, and the 
Rhine. That evaporation is.sufficient to account 
for this effect, has been demonstrated by many 
experiments and calculations. It is found, that 
from the surface of the Mediterranean sea, which 
contains 762,000 square miles, there are drawn -u 
into the air every day, by evaporation, 5280 mil- 
lions of tons of water, while the rivers which flow 
into it yield only 1827 millions of tons in the 
same time; so that there is raised in vapor from 
the Mediterranean nearly three times the quantity 
of water which is poured into it by all its rivers. 
One-third of this falls into the sea before it reaches 
the land; another part falls on the low lands, for 
the nourishment of plants; and the other third 
part is quite sufficient to supply the sources of all 
. the rivers which run into the sea. This is in full 
conformity to what was long ago stated by an 
inspired Naturalist; “All the rivers run into the 
sea, and yet the sea is not full; unto the place 
from whence the rivers came, thither do they re- 
turn again;”’ but, before they regain their former 
place they make a circuit over our heads through 
the regions of the atmosphere. 

Such are the varied movements and transforma- 
tions which are incessantly going on in the rivers, 
the ocean, and the atmosphere, in order to pre- 
serve. the balance of nature, and to supply the ne- 
cessities of the animal and vegetable tribes; all 
under the agency and direction of Him who 
‘formed the sea and the dry land,” and who has 
arranged all things in number, weight, and mea- 
sure, to subserve the purposes of his will. 

Rivers serve many important purposes in the 





* Buffon makes this result to be 812 years, in which he is 
followed by Goldsmith, and more subsequent writers; but 
he. proceeds on the false assumption, that the ocean covers 
only half the surface of the globe, and that it contains only 
35 millions of square miles, and he estimates the average 
depth of the ocean to be only 140: yards, or one-fourth of a 
aile. \ 
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economy of our globe. They carry: off the re- 
dundant waters which fall in rains, or which ooze 
from the springs, which might otherwise settle 
into stagnant pools; they supply to the seas the 
loss of waters occasioned by their daily evapora- 
tion; they cool the air, and give it a gentle ciren- 
lation; they fertilize the countries through which 
they flow; their waters afford a wholesome drink, 
and the fishes they contain a delicious food for 
the nourishment of man; they facilitate com- 
merce, by conveying the productions of nature 
and art from the inland countries to the sea; they 
form mechanical powers for driving machinery 
of different kinds; they enliven and diversify the 
scenery of the countries through which they 
pass; and the cataracts which they frequently 
form among the mountains, present us with 
scenes the most picturesque and sublime; so 
that every part of the constitution of nature 
is rendered subservient both to utility and to 
pleasure. 

Waving the consideration of other particulars, 
I shall simply state some of the artificial divisions 
of the earth, and two or three facts respecting its 
inhabitants. 

The Lanp has generally been divided into four 
parts, Europe, Asia, Africa, and America, to 


'which has been lately added the division called 


Australasia, which comprehends, New Holland, 
New Guinea, New Zealand, Van Dieman’s Land, 
and several other islands in the Pacific ocean. 

Europe comprehends the following countries— 
Norway, Sweden, Denmark, Russia, Prussia, 
Germany, Austria, Turkey, Italy, Switzerland, 
France, Holland, Belgium, or the Netherlands, 
Spain, Portugal, and Great Britain and Ireland, 
together with the islands of Sicily, Malta, Can- 
dia, Corsica, Sardinia, Majorea, Minorca, Ivica, 
Zealand, Funen, Gothland, Iceland, and several 
othexs of smaller note. 

Europe is the smallest of the five grand divi- 
sions of the globe. Its greatest extent is from 
northeast to southwest, namely, from the mouth 
of the Kara in N. Lat. 68° 40” 1o the rock of 
Lisbon in N. Lat. 38° 45”, which is computed at 
3400 British miles. Its greatest breadth, from 
Cape Matapan, in the Morea, to the North Cape 
of Norway, is computed at 2350 miles. Its su- 
perficial contents have been computed at 3,650,- 
000 square miles, or 2,336,000,000 English acres, 
reckoning 640 to the square mile. Its form is 
singularly breken and varied, being split into 
many distinct portions, peninsulas, and large 
islands with extended and winding coasts, which 
arises chiefly from the number of its inland seas, 
of which the Mediterranean, the Baltic,*and the 
Black sea, are the most important. Its rivers are 
numerous, the largest of which are the Rhine, the 
Rhone, the Wolga, and the Danube. Its moun- 
tains do not reach that stupendous hight, nor ex- 
tend in such unbroken chains, as those of Asia 
and America. Its highest ranges are the Alps 
and Pyrenees, the Appennines in Italy, and the 
Dofrafield, in Norway. Its lakes, though numer- 
ous, are comparatively small; those of Ladoga 
and Onega alone being of any commercial im- 
portance. Its soil is distinguished for its valuable 
productions: Grain of different kinds is raised 
over its whole surface, except in the extreme 
north—wines throughout all its southern region; 
and it is equally productive in hemp, flax, wool, 
and silk. Its northern forests produce some of 
the finest timber in the world; and the iron of 
Europe surpasses that of any other country. The 
cultivation of) the soil is carried on with great 
diligence, and in point of science, skill, and the 
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‘ . 
extent of capital employed upon it, and upon 
every branch of commerce and manufacture, it 
stands unrivaled among the other countries of the 
globe. Its commerce is ona very extensive scale, 
and in manufacturing skill it has surpassed every 
other country, both in the variety and the cheap- 
ness of its productions. European vessels, con- 
veying articles and manufactures of all descrip- 
tions, are to be found at the utmost bounds of 
Asia and America, in the snowy regions of the 
poles, and crowding the ports of New Holland, 
Van Dieman’s Land, New Zealand, and the islands 
of the Indian and Pacific oceans. ; 

The population of Europe is now reckoned to 
amount to about 200 millions. Its inhabitants are 
divided chiefly into three races, the Sclavonic, 
Teutonic, and Romish races. The Sclavonic con- 
sists of about 25 millions of Russians, 10 millions 
of Poles, and 10 millions in other adjacent coun- 
tries. The Teutonic race, which occupy the 
greater part of Scandinavia, the Netherlands, and 
Great Britain, may be estimated at 50 millions. 
The Romish race includes, the inhabitants of 
Southern Europe, France, Italy, Spain, etc., and 
may be estimated at about 80 millions. The Celts 
in Scotland, Ireland, Wales, and Spain, are the 
remains of the most ancient inhabitants of West- 
ern Europe, and may amount to 6 millions. The 
Greeks in Europe amount to 2 millions, and the 
Jews throughout all Europe to about 2 millions. 
The Tartars, Turks, Hungarians, and Gypsies, 
which are of Asiatic origin, amount altogether to 
6 or 7 millions. Though this division of the 
earth is Jeast in point of size—being only the one 
sixteenth part of the terraqueous globe—it is yet 
by far the greatest as to moral, political, and com- 
mercial importance. Its surface is in general 
more crowded with inhabitants than most other 
countries (China excepted), more improved by 
cultivation, more enriched by industry and com- 
merce—embellished with mighty cities, and splen- 
did works of art, and illuminated with the reflec- 
tions of genius. Here we behold mind asserting 
its supremacy over matter, and man, the lord of 
this lower world, pursuing the high destiny origi- 
nally assigned him “to replenish the earth and 
subdue it.’ In learning, arts, and sciences, Eu- 
rope has far surpassed every other portion of the 
globe; and by the invention of Printing, knowl- 
edge of every description is now rapidly diffused, 
and promoting the moral and intellectual improve- 
ment of its population. 

Asia, the largest and most populous division of 
the ancient continent, contains the empires of 
China and Japan, Chinese Tartary, Thibet, Hin- 
dostan, or British India, the Birman Empire, Per- 
sia, Arabia, Turkey in Asia, Siberia, Independent 
Tartary, and a variety of territories inhabited by 
tribes with which we are very imperfectly ac- 
quainted; together with the immense islands of 
Borneo, Sumatra, Java, Ceylon, Segalien, the 
Philippines, and thousands of others of smaller 
dimensions. The immense expanse of Asia pre- 
sents every possible variety of soil and climate, as 
it extends from the confines of the polar regions 
to the tropical climes. Its grandest feature is a 
chain of mountains crossing it from the Mediter- 
ranean to the Eastern seas, of which Taurus, 
Caucasus, and the Himalaya are the portions best 
known. One leading feature of middle Asia con- 
sists in large lakes or inland seas, salt like the 
ocean, and having no outlets; of which the Cas- 
pian, the Sea of Aral, and Baikal, are the largest. 
It contains many rivers of great magnitude. The 
Euphrates, the Ganges, the Hoanho, and the 
Amur, in the length of their course, yield only to 
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the rivers of the New world. This quarter of 
the globe is reckoned to be 7500 miles in length, 
from east to west, and about 5000 miles in breadth, 
from south to north, and contains about 16 mil- 
lions of squagmles, being more than four times 
larger than Europe. Its inhabitants have been 
computed by some writers to amount to 580 mil- 
lions. It was in Asia where the human race was 
first planted; it became the nursery of the world 
after the universal deluge, and it was the scene in 
which the most memorable transactions recorded 
in the sacred history took place. But its inhabi- 
tants are now immersed in Mabometan and Pagan 
darkness; and the Christian Religion, except in a 
few insulated spots, is almost unknown among its 
vast population. It is the richest and most fruit- 
ful part of the world, and produces cotton, silks, 
spices, tea, coffee, gold, silver, pearls, diamonds, 
and precious stones: but despotism, in its worst 
forms, reigns, uncontrolled over every part of this 
immense region. . 

Africa comprehends the following kingdoms— 
Morocco, Algiers, Tunis, Tripoli, Egypt, Zaara, 
Negroland, Guinea, Nubia, Abyssinia, Caffraria, 
Dahomey, Benin, Congo, Angola, and various 
other territories. By far the greater part of Af- 
rica remains, hitherto unexplored, and, conse- 
quently, we are possessed of a very slender por- 
tion of information respecting the numerous 
tribes that may inhabit it. This quarter of the 
world, which once contained several flourishing 
kingdoms and states, is now reduced to a general 
state of barbarism. That most abominable traf- 
fic, the slave trade, is carried on to an unlimited 
extent on its western coasts, by a set of Europe- 
an ruffians, whose villanies are a disgrace to hu- 
man nature. It is to be hoped, this traffic will, 
ere long, be extirpated by the efforts now making 
by European nations, and by the plans which are 
now concerting for promoting the religious, moral, 
and commercial improvement of this country. 
The Christian Religion has lately been introduced 
into its southern regions, in the districts adjacent 
to the Cape of Good Hope, and the labors of Mis- 
sionaries of different denominations appear, in 
numerous instances, to have been crowned with 
remarkable success.*—A colony of blacks, for- 
merly slaves in America, has lately been estab- 
lished on the western coast, a little to the south of 
Sierra Leone, which goes by the name of Liberia. 
All the affairs of this little state are conducted by 
emancipated negroes, and particular attention is 
paid to the literary and religious instruction of 
the colonists. Some of the Newspapers we have 
seen, published by the settlers in this colony, in- 
dicate aconsiderable degree of talent and infor- 
mation; and there is a prospect that the improve- 
ments going forward in Liberia will, ere long, 
produce a beneficial influence on those tribes who 
occupy the adjacent territories, and have a tenden- 
cy to lessen the traffic in slaves. The greatest 
breadth of Africa is about 4790 miles, and its 
length from north to south about 5000 miles. Its 
most striking features are those immense deserts, 
near its northern parts, which comprise nearly 
one-third of its surface. The deserts of Zaara 
are 1500 miles long and eight hundred broad, 

America.is divided into North and South. It 
remained unknown to the inhabitants of the Rast- 
ern hemisphere until the year 1492, when it was 
discovered by Columbus. who first landed on 
Guanahani, or Cat Island, one of the Bahama 
isles. North America comprehends the following 





“See Moffat’s ‘interesting work, entitled « Missionary 
Scenes and Labors in Southern Africa,” 1842, 
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countries: The United States, New and Old 
Mexico, Upper and Lower Canada, Nova Scotia, 
New Brunswick, and Labrador. South America 
comprehends the immense districts called’ Terra 
Firma, Peru, Guiana, Amazonia, Paraguay, Bra- 
zil, Chili, and Patagonia—Between N. and 8. 
America, lie the islands of Cuba, St. Domingo, 
Jamaica, and Porto Rico, known by the name of 
the West Indies. America is bounded on the 
east by the ‘Atlantic, on the west by the Pacific, 
and on the north by the Arctic ocean. South 
America comprises a surface of six and a half 
millions of square miles, its length being 4500 
miles, and its greatest breadth 3200 miles. North 
America, exclusive of the islands that surround 
it, contains about nine millions of square miles. 
It has been divided into five physical regions: 
1. The table land of Mexico; 2. The slope lying 
between the rocky mountains and the Pacific 
ocean; 3. The great valley of the Mississippi; 4. 
The eastern declivity of the Alleghany moun- 
tains; 5. The great northern plain beyond 50° 
north latitude, a bleak and barren waste, covered 
with lakes. Beside these, there are connected 
with America, the Bahama and Caribbee islands, 
Newfoundland, Cape Breton, Tobago, Trinidad, 
Terra del Fuego, ete. America is distinguished 
by its numerous and extensive lakes, which re- 
semble large inland seas. Its rivers, also, form 
one of its grand and distinguishing features, being 
the largest on the globe. © It is likewise diversified 
with lofty and extensive ranges of mountains. 
When first discovered, it was almost wholly cov- 
ered with immense forests and thinly peopled with 
a number of savage tribes. Its mingled popula- 
tion of Aborigines and Europeans is now making 
rapid advances in knowledge, civilization, and 
commerce. 

Fhe United States, which extend from the 20th 
to the 50th degree of north’ latitude, form the 
greatest and most influential power that exists 
on this continent, and possess a territory of vast 
extent — stretching from the great lakes to the 
Gulf of Mexico, a breadth of about 1600 miles; 
and from the Atlantic to the Pacific ocean, a 
length of 2500 miles, including a surface of 
2,300,000 square miles. The population of these 
States now amounts to about 15 millions—an 
astonishing number, when we consider that only 
a little more than 200 years ago these territories 
were little else than a boundless wilderness, peo- 
pled by a few tribes of savages. Were they 
brought to a cultivated state, they would be sufh- 
cient to subsist a population of three or four hun- 
dred millions. These States have been peopled 
from different European nations, particularly 
from Great Britain and Ireland, and the English 
language prevails over most of ‘the 26 States. 
The form of government is that of a republic; and 
in religion they have adopted the system of cut- 
ting off all connection between church and state. 
Every sectary chooses its own pastor and provides 
entirely for his support. Literature and science 
have not yet reached the high elevation they have 
attained in Europe; but numerous colleges, 
highly respectable, and literary institutions of va- 
rious descriptions, have been established,—some 
of which enjoy 2 high reputation. The educa- 
tion of the mass of the community forms a pro- 
minent object of attention in each state; and the 
benefits of a good common education are perhaps 
more generally diffused than in any other country 
in the world. It is much to be regretted that the 
system of slavery still prevails in the Southern 
states, notwithstanding all the remonstrances 
which have been made against it by the inhabi- 
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tants of the Northern states, and by other nations. 
But it is to be hoped that the good sense of the 
inhabitants of these states will, ere long, excite 
them to arouse themselves to remove that blot upon 
their national character by which their institu- 
tions have been so long and so deeply disgraced. 

AvstraLasia is the name given to a number of 
large islands occupying a portion of the Indian 
or Southern Pacific ocean, between the 10th and 
45th degrees of south latitude. The chief island 
in the group is New Holland or Australia, the 
largest island in the world, being about 2400 miles 
in length, from east to west, and 1800 from north 
to south, comprising an area of nearly three mil- 
lions of square miles. The country is general] 
flat, with the exception of some rib tnitad isang 
and in many places the inclination is inward, in- 
stead of outward toward the sea, so that the 
mountains and elevated land form a ridge nearly 
round it. The great Kangaroo is the largest 
quadruped in this country, and the total absence 
of such animals as lions, tigers, deer, oxen, 
horses, bears, is the most striking feature in this 
region. The native human beings are of the Ma- 
lay race, and exist in the lowest’state of degrada- 
tion and barbarism.—Three British settlements 
have been formed in New Holland: 1. New South 
Wales, which stretches about 1400 miles along its 
eastern coast, and some hundreds of miles inland. 
—This is the oldest and most populous of the 
Australian colonies, and was selected at first for 
the transportation of convicts, though voluntary 
emigrants, of late years, have emigrated thither 
in considerable numbers. It lies at the distance 
of about 16,000 miles from Great Britain; but 
the voyage to it is generally accomplished in 
from 100 to 120 days. Its capital, Sydney, plea- 
santly situated on a fine bay, called Port Jackson, 
is now considered as containing a population of 
25,000. The whole population of this colony, 
free and convict, is calculated to be about 110, 
000, and it is rapidly increasing. 2. Western 
Australia, or the Swan-river settlement, which is 
not so populous, nor does it appear so prosper- 
ous as the other settlements. 3. South Australia 
which lies on the southern shore. In this 
colony slavery is not permitted to exist, nor are 
any convicts allowed to be sent to it from Eng- 
land. Here learning and religion are greatly 
encouraged, and every mean has been employed 
by the directors of the South Australian Company 
to render thé settlers, as far as possible, a moral 
and religious population. The capital is Ade- 
laide, which already contains about 7000 inhabi- 
tants, although it is only about five years since 
the colony was established. Each denomination 
of Christians supports its own ministers and 
places of worship; and already about £15,000 
have been expended in Adelaide and its vicinity 
in erecting chapels for Christian worship. ‘Three 
millions of capital have been invested in this pro- 
vince up to the lst December, 1841, and 491,984 
acres of land have been surveyed. The climate 
is one of the finest and most salubrious in the 
world, and it has sometimes been alluded to as 
“the fair and fertile province of South Austra- 
lia.’ Its winter, which is mild, is in May, June, 
and July; and its summer in November, Decem- 
ber, and January. 

Van Dieman’s Land is an island of about the 
size of England, which is separated from New 
Holland by a channel 90 miles wide, called Bass’s 
Strait. Its shape is nearly that of a parallelo- 

ram. It is more hilly and better watered than 
Australia, and possesses many excellent harbors. 
Its capital is Hobart-Town, situated on the south- 
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ern side of the island ge on the northern shore 
is Launcetown, the second town, and a busy seat 
of trade. Tho population of the island was lately 
estimated at 25,000, of which about one half were 
convicts. 

New Zealand consists chiefly of two large 
bland led the Middle Island, and the North 
Island, separated by a passage called Cook’sy 
Straits, with numerous smaller isles scattered 
around their shores. They lie in an easterly di- 
rection from New Holland, at.a distance of about 
1200 miles from that continent, between the 34th 
and 48th degrees of south latitude, and the 166th 
and 179th of east longitude. The southern island 
is about 500 miles long, and nearly 120 broad. 


The northern is about 400 miles Jong, and from | 


5 to 30 broad. Both the islands are estimated to 
contain 95,000 square miles, of which two-thirds 
are fit for cultivation. Numbers of fine streams 
and rivers are scattered through the country, and 
the bays and harbors are not surpassed either in 
number or advantages by those of any country in 
the world. A chain of mountains runs through 
the whole of the southern and a considerable part 
of the northern island, some of the tops of which 
are as high as 14,000 feet above the level of the 
sea, and present a highly picturesque appearance. 
All accounts agree that the climate is highly salu- 
brious, and very congenial to European constitu- 
tions. The natives of this country were formerly 
savage and dangerous, but are now partially im- 
proved and comparatively harmless in disposition, 
the missionaries having now acquired a consider- 
able influence over certain tribes. It is univer- 
sally admitted that they are a robust and healthy 
looking people; and Captain Cook observes that 
he never saw a single person among them who 
appeared to have any bodily complaint, and that 
thcir wounds healed with astonishing rapidity. 
The entire population of this country has been 
estimated at 158,000, which is at the rate of 5 
persons to 3 square miles. ‘The New Zealand 
Company for colonizing this country was estab- 
lished in May, 1839, and is now employed in 
carrying its plans into effect. Land has been 
purchased from the natives, and a considerable 
number of adventurers have already taken pos- 
session of certain districts. A township has been 
marked out on the shores of Port Nicholson—a 
fino harbor in the Northern Island about the 
center of Cook’s straits—to be named Welling- 
ton, which it is supposed will be the capital of the 
colony. But apprehensions are entertained that 
misunderstandings and serious disputes may arise 
between the settlers and the natives, and that the 
runaway convicts from Botany Bay, and the 
southern whalers, will introduce dissension and 
immorality among the colonists. 

New Guinea, next to New Holland, is the 
largest island of Australasia, being 1400 miles 
long. It is inhabited by Papuans, with the still 
ruder race of Haraforas in the interior. This 
island is said to be one of the finest countries in 
existence, producing most of the rich fruits of the 
torrid zone, such as cocoas, nutmegs, cloves, and 
spices of all kinds, and is everywhere covered 
with lofty forests. The Papuans are much far- 
ther advanced in civilization than the New Hol- 
landers; but no European nation has yet attempt- 
ed a settlement in this island.—New Britain, New 
Treland, and several others, compose a group in- 
habited by Papuans. The Archipelago, called the 
Solomon’s islands, is inhabited by Papuans, with 
a mixture of Malays. 

Polynesia, or “the many isles,” includes the 
numerous group of islands with which a consider- 
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able portion of the Pacific ocean is diversified 
They principally lie in an easterly and north-east- 
erly direction from Australasia, within about 30 
degrees on both. sides of the equator. They are 
many ious number, and are inhabited by 
vho haye generally been found more 
tractable than the barbarous tribes of other parts 
of the world. They may be divided into the great 
roups of the Society, Sandwich, Marquesas, 
Friendly, Navigators, Caroline, and Marianne 
islands, with several others. Most of these islands 
are fruitful and beautiful; some are exceedingly 
high and romantic,.and their climate is reckoned 
the most delicious on the globe. The Society 
islands, though not the largest, are the most beau- 
tiful, and those in which civilization and polished 
manners have made the greatest progress, Tahiti, 
the largest in the group, is one of the brightest 
gems of the Pacific, as the people of this island 
were the first to abjure Paganism and to embrace 
Christianity. It consists of two peninsulas, 
joined by a narrow isthmus. The one is about 
25 miles long and about the same in breadth. 
The. other is about 20 miles in length by 15.in 
breadth. The religion of the natives, like that 
of the Tonga, Sandwich, and other islanders, was, 
until within these 20 or 30 years, idolatry of the 
most barbarous kind, their manners. were ex- 
tremely licentious, and their dispositions some- 
times ferocious and cruel. They were perpetu- 
ally at war among themselves, and their contests 
were of the most relentless and cruel character. 
But, in consequence of the labors of Christian 
Missionaries, sent out by the London Missionary 
Society, the majority of the inhabitants of this 
and the adjacent islands have made an open pro- 
fession of Christianity. Their places of idola- 
trous worship have been thrown down, their idol 
gods destroyed, and an end put to their ferocious 
and destructive wars. The whole of the Sacred 
Scriptures has been translated into their native 
language; they are learning to read the word of 
God; and, in numerous instances, they have made 
a wonderful progress in studying its facts and 
doctrines, and in practicing those duties which it 
enjoins. The consequence has been that they 
have made a great improvement in all the arts 
and accommodations of life. They have built 
ships, engaged in manufactures of different kinds, 
reared spacious places of worship, established 
schools and ‘other seminaries of instruction, 
erected villages adorned with neat and commodi- 
ous habitations, and have made astonishing pro- 
gress in the cultivation of the soil. The moral 
transformation and improvements which have 
been effected among the inhabitants of these 
islands in consequence of the introduction of 
Christianity—afford a striking and incontestable 
proof, that there are no tribes on the face of the 
earth, however barbarous and debased,-but may 
be raised to the dignity of their moral and intel- 
lectual natures, were the religion of the Bible 
once introduced among them, and eyery other 
judicious mean employed to promote their pro- 
gress in knowledge and civilization. 
The Sandwich Islands lie about 20 degrees 


‘north of the equator, and about 2500 miles north 


by west of Tahiti. Owhyhee, the largest of the 
group, is retnarkable for the murder of the cele- 
brated Capt. Cook in 1779. It measures 84 miles 
in length, by 70 in breadth. It abounds with 
lofty mountains. Mount Roa rises to the hight 
of 16,000 feet, and Mount Koa to the hight of 
18,000 feet, the tops of both being covered with 
perpetual snow. It also abounds with volcanoes. 
The volcano of Peli, on the flank of Mount Roa, 
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is reckoned one of the most strikin awful in 
any part of the world. The people of the Sand- 
wich islands have, of late years, embraced Chris- 
tianity, and several missionaries from the United 
States are now settled in thos ions. A con- 
siderable part of the population, including the 
king and his court, attend the schools they have 
established, and the ordinances of Christian wor- 
ship. They have formed a small navy, and carry 
on a profitable trade with foreigners, and the 
general state of morals is undergoing a great im- 
provement. 

The Friendly Islands include the Fejee, and 
several other detached islands, of which 'Tongata- 
boo is the largest. They enjoy a remarkably rich 
soil, which is carefully cultivated by the natives, 
who rank among the most respectable of the 
South-Sea islanders, and are remarkable for their 
neatness and skill in improving and inclosing 
their lands. -Christianity has-been. lately intro- 
duced into some of these islands, chiefly by the 

ersevering labors of the Wesleyan Missionaries. 

heir population is reckoned at about 100,000.— 
The. Navigators’ Islands are among the most im- 
portant and fertile group yet discovered in South- 
ern Polynesia. - The natives are uncommonly tall 
and stout, and remarkable for a ferocity of cha- 
racter scarcely found in any other part of Poly- 
nesia. Here, however, the Christian religion has 
lately been introduced, and is already producing 
many interesting and beneficent effects. — The 
Marquesas are situated north by east from the 
Society isles, within 9° of the Equator. Their 
inhabitants are distinguished for their fair com- 
plexion and peculiar beauty, but they are fierce and 
licentious in their character. Christianity has been 
introduced, but has hitherto produced little effect 
upon them.—The New Hebrides are a group gene- 
rally covered with high mountains, some of which 
contain voleanoes. ‘I‘hey are situated about five 
or six hundred miles west of the Friendly isles, 
and were first discovered by Quiros in 1606, when 
they were supposed to be part of a great southern 
continent which philosophers then imagined to 
exist. But Cook, in 1774, explored the whole 
gFORD» and gave them the name of the New He- 

rides. The cluster consists of about 17 islands, 
of which Terra del Espiritu Santo is the largest. 
At Erromango, one of these islands, the deeply- 
lamented missionary WiLLIAMs was treacherously 
and cruelly murdered by the natives, along with 
another missionary of the name of Harris, in 
1839, when attempting to introduce Christianity 
among them. ‘This island will be as much dis- 
tinguished in future ages for this atrocious mur- 
der as the’island of Owhyhee has been for the 
murder of Captain Cook. The geographical dis- 
coveries of this celebrated circumnavigator pre- 
pared the way for most of the missionary opera- 
tions which have been undertaken in the islands 
of the Pacific, and of all the laborers in this work 
of philanthropy, none stands so conspicuous, for 
unwearied beneficent exertions in this holy cause, 
and for the important and beneficial effects with 
which they have been accompanied as the la- 
mented Wixuiams. His “ Narrative of Missionary 
Enterprises in the South-Sea Islands,’’ deserves to 
be read by every Christian, by every philosopher 
and statesman, and by every one who feels a de- 
light in contemplating beneficent ‘actions and 
romantic incidents. 

In regard to the human inhabitants that occupy 
the different regions now specified—they have 
been divided by some geographers into the six fol- 
lowing classes:—l. The dwarfish inhabitants of 
the polar regions; as the Laplanders, the Green- 
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a 
landers, and the Esqui . 2. The flat-nosed 
olive-colored tawny race; as the Tartars, the Chi- 
nese, and the Japanese. 3. The blacks of Asia 
with European features. Of this description ure 
the Hindoos, the Birmans, and the inhabitants of 
the islands of the Indian ocean. 4. The woolly- 
haired negroes of Africa, distinguished by their 
black color, their flat noses, and their thick lips. 
5. The copper-colored native Americans, distin- 
guished likewise by their black hair, small black 
eyes, high cheek bones, and flat noses. 6. The 
sixth variety is the white European nations, as 
the British, the French, the Italians, and the 
Germans. 

The number of inhabitants which people the 
earth at one time, may be estimated to amount to 
at least. eight hundred millions; of which 500 mil- 
lions may be assigned to Asia; 58 millions to 
Africa; 42: millions to America; and 200 millions 
to Europe——With regard to their religion, they 
may be estimated as follows:— ; 


Pagansy. one ce ees decicee «6 4490,000,000 
Mahometans,.............100,000,000 
Roman Catholics, .........100,000,000 
Protestants, .....0........ 59,000,000 
Greeks and Arminians, .... 50,000,000 
JEWS a cam cave eaiia et sce et OSU UU UUU 


800,000,000 


From, this estimate it appears that there are 
nearly 3 Pagans and Mahometans to 1 Christian, 
and only 1 Protestant to about 14 of all the other 
denominations. Although all the Roman Catho- 
lics, Greeks, and'Protestants, were reckoned true 
Christians, there still remain more than 595 mil- 
lions of our fellow-men ignorant of the true God, 
and of his will as revealed in the sacred Scrip- 
tures; which shows that a vast field of exertion 
still lies open to Christian benevolence, before the 
blessings of civilization, mental improvement, ra- 
tional liberty, and Christianity, be fully commu-.- 
nicated to the Pagan and Mahometan world. 

If we suppose that the earth, at an average,, 
has always been as populous as it is now, and that 
it contains 8080 millions of inhabitants, as above 
stated»and if we reckon 32 years for a genera- 
tion, at the end of which period the whole human. 
race is renewed; it will follow, that one hundred 
and forty-six thousand two hundred millions of 
human beings have existed on the earth since the 
present system of our globe commenced, reckon- 
ing 5846 years trom Adam to the present time.* 
And consequently, if mankind had never died, 
there would have been nearly 183 times the pre- 
sent number of the earth’s inhabitants now in ex- 
istence. It follows from this statement, that 25 
millions of mankind die every year, 2853 every 
hour, and 47 every minute, and that at least an 
equal number, during these periods, are emerging 
from non-existence to the stage of life; so that 
almost every moment a rational and immortal he- 
ing is ushered into the world, and another is 
transported to tho invisible state. Whether, 





* This calculation proceeds on the supposition, that only 
4004 years elapsed between the creation of man and the 
birth of Christ, according to the Hebrew Chronology. But 
Dr. Hales, in his late work on Scripture Chronology, ‘has 
proved almost to a demonstration, that from the Creation to 
the birth of Christ, are to be reckoned 5411 years; and this 
computation nearly agrees with the Samaritan and Septua- 
gint Chronology, and with that of Josephus. According to 
this computation, 7253 years are to be reckoned from the 
Creation to the present time; and consequently, 220 thon 
sand 500 millions of human beings will have existed since: 
the Creation, which is more than 226 times the number of 
inhabitants presently existing. 
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he world of mind, we perceive incessant changes 
revolutions going on, which are gradually 
carrying forward the earth and its inhabitants to 
some important consummation.—If we suppose 
that before the close of time, as many human be- 
ings will be lrought into existence, as have al- 
ready existed during the bypast ages of the world,, 
there will, of course, be found at tne general re- 
surrection 292,400,000,000 of mankind. Vast as 
such an assemblage would be, the whole of the 
human beings here supposed, allowing six square 
feet for every individual, could be assembled with- 
in the space of about 62,400 square miles, or ona 
tract of land not much larger than that of Eng- 
land, which contains, according to the most accu- 
rate calculation, above 50,000 square miles. 

Our world is capable of sustaining a much 
greater number of inhabitants than has ever yet 
existed upon it at any one time. And since we 
are informed in the Sacred oracles that God “ cre- 
ated it not in vain, but formed it to be inhabited,” 
we have reason to believe that, in future ages, 
when the physical and moral energies of mankind 
shall be fully exerted, and when peace shall wave 
heiedtire-brarich over the nations, the earth will 
be much more populous than it has ever been, and 
those immense desertsy where ravenowts animals 
now roam undisturbed, will be transformed into 
scenes of fertility and beauty. If it be admitted 
that the produce of twelve acres of land is suffi- 
cient to maintain a family consisting of six per- 
sons, and if we reckon only one-fourth of the 
surface of the globe capable of cultivation, it can 
be proved that the earth could afford sustenance 
for 16,000 millions of inhabitants, or éventy times 
the number that is presently supposed to’ exist— 
So that we have no reason to fear that the world 
will be overstocked with inhabitants for many 
ages to come; or that.a period may soon arrive 
when the increase of population will surpass the 
means of subsistence, as some of the disciples of 
Malthus have lately insinuated. To suppose, as 
some of these gentlemen seem to do, that wars 
and diseases, poverty and pestilence, are necessa- 
ry evils, in order to prevent the increase of the 
human race beyond the means of subsistence 
which nature can afford—while the immense re- 
gions of New Holland, New Guinea, Borneo, and 
the greater part of Africa and America are almost 
destitute of inhabitants—is both an insult on the 
dignity of human nature and a reflection on the 
wisdom and beneficence of Divine Providence.— 
The Creator is benevolent and bountiful, and 
“his tender mercies are over all his works;’’ but 
man, by his tyranny, ambition, and selfishness, 
has counteracted the streams of Divine benefi- 
cence, and introduced into the social state poverty, 
disorder, and misery, with all their attendant 
train of evils; and it is not before such demorali- 
zing principles be in some measure eradicated, and 
the principles of Christian benevolence brought 
into active operation, that the social state of man 
will be greatly meliorated, and the bounties of 
Heaven fully enjoyed by the human race. If, in 
the present deranged state of the social and po- 
litical world, it be found difficult in any particular 
country to find sustenance for its inhabitants, 
emigration is the obvious and natural remedy; 
and the rapid emigrations which are now taking 


avon we erie ‘the world of matter, or | 


es 


place, to the Cape of Good Hope, New Holland, | 


New Zealand, Van Dieman’s Land, and America, 
are doubtless a part of those arrangements of 
Providence, by which the Creator will accomplish 
his designs, in peopling the desolate wastes of our 
globe, and promoting the progress of knowledge 
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and of the true religion among the scattered 
tribes of mankind. 


With that. each of knowledge to which I 
have now adverted, every individual of the human 
race ought to be in some measure acquainted.— 
For it is unworthy of the dignity of a rational 
being, to stalk abroad on the surface of the earth, 
and enjoy the bounty of his Creator, without con- 
sidering the nature and extent of this sublunary . 
habitation, the variety of august objects it con- 
tains, the relation in which he stands to other 
tribes of intelligent agents, and the wonderful 
machinery which is in constant operation for sup- 
plying his wants, and for producing the revolu- 
tions of day and night, spring and autumn, sum- 
mer and winter—In a religious point of view, 
Geography is a seience of peculiar interest. For 
“the salvation of God,’? which Christianity un- 
folds, is destined to’ be proclaimed in every land, 
in order that men of all nations and kindreds and 
tongues may participate in its blessings. But, 
without exploring every region of the earth, and 
the numerous islands which are scattered over the 
surface of the ocean, and opening up’a regular in- 
tercourse with the different tribes of human beings 
which dwell upon its surface, we can never carry 
into effect the purpose of God by “ making known 
his salvation to the ends of the earth.””—As God 
has ordained, that ‘all flesh shall see the salva- 
tion’? he has accomplished, and that human be- 
ings shall be the agents for carrying his designs 


into effect—so we may rest assured, that he has 


ordained every mean requisite for accomplishing 
this end; and consequently, that it is his will that 
men should study the figure and magnitude of 
the earth, and all those arts by which they may 
be enabled to traverse and explore the different 
regions of Jand and water, which compose thé 
terraqueous globe—and that it is also his will, 
that every one who feels an interest in the pre- 
sent and efernal happiness of his fellow-men, 
should make himself acquainted with the result 
of all the discoveries in this science that have 
been ot may yet be made, in order to stimulate 
his activity, in conveying to the wretched sons of 


‘Adam, wherever they may be found, “the un- 


searchable riches of Christ.” 

To the Missionary, and the Directors of Bible 
and Missionary Socicties, a minute and compre- 
hensive knowledge of this science, and of all the 
faets connected with it, is essentially requisite; 
without which they would often grope in the 
dark, and spend their money in vain, and “ their 
labor for that which doth not profit.” They must 
be intimately acquainted with the extensive field 
of operation which lies before them, and with the 
physical, the moral, and the political state of the 
different tribes to which they intend to send the 
message of salvation; otherwise their~ exertions 
will be made at random, and their schemes be 
conducted without judgment or discrimination. 
To attempt to direct the movements of Missiona- 
ty Societies, without an intimate knowledge of 
this subject, is as foolish and absurd as it would 
be for a land-surveyor to lay down plans for the 
improvement of a gentleman’s estate, before he 
had surveyed the premises, and made himself ac- 
quainted with the objects upon them, in their va- 
rious aspects, positions, and bearings. If all those 
who direct and support the operations of such so- 
cieties were familiarly acquainted with the differ- 
ent fields for missionary exertions, and with the 
peculiar state and character of the diversified 
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tribes of the heathen world, so far as they are 
known, injudicious schemes might be frustrated 
before they are carried into effect, and the funds 
of such institutions preserved from being wasted 
to no purpose. In this view, it is the duty of 
every Christian, to mark the progress and the re- 
sults of the various geographical expeditions 
which are now going forward in quest of discove- 
ries, in connection with the moral and political 
movements which are presently agitating the na- 
tions: for every navigator who plows the ocean in 
search of new islands and continents, and every 
traveler who explores the interior of unknown 
countries, should be considered as so many pio- 
neers, sent beforehand, by Divine Providence, to 
prepare the way for the labors of the missionary, 
and for the combined exertions of Christian be- 
nevolence. * 
But even to every private Christian, Geography 
is an interesting branch of study, without some 
knowledge of which, his prayers and his Christian 
sympathies cannot be judiciously and extensively 
directed. We occasionally hear the ministers of 
religion, at the commencement of public worship 
on the first day of the week, imploring the Di- 
vine blessing on their brethren throughout the 
Christian Chureh, who are commencing the same 
exercises; and at the close of worship in the af- 
ternoon, that the same blessing may seal the 
instructions which have been delivered in all the 
churches of the saints; asif all the public reli- 
gious services of the universal Church were at 
that moment drawing to a close. This is all very 
well, so far as it goes: the expression of such be- 





* On this subject the Author feels great pleasure in refer- 
ring his readers to a small volume, lately published by James 
Douglas, Esq., of Cavers, entitled, ‘* Hints on Missions,”— 
a work which deserves the attentive perasal, both of the 

hilosopber, the politician, and the Christian, and particu- 
larly of the Directors of Missionary Societies; and which is 
eharacterized by a spirit of enlightened philanthropy, and 
a condensation of thought, which has seldom been equaled 
in the discussion of such topics. [t concentrates, as it 
were, into a focus, the light of which has been reflected 
from hundreds of volumes; and the original hints it suggests 
claim the serious consideration of the superintendents of 
missionary schemes; without an attention to some of which, 
the beneficial effects resulting from such undertakings will 
be few and unimportant.—The following excellent works, 
tecently published on this subject, are warmly recommended 
to the serious attention of the reader:—l, “The Great Com- 
mission,” by Dr. Harris, President of Cheshunt College, 
Author of “ Mammon,” ete.—a prize Essay on Christian 
Missions, to which the highest prize of 200 guineas was 
awarded. This work has been generally characterized as 
“A masterly production, comprehensive in plan, elegant in 
diction, happy in illustration, cogent and conclusive in rea- 
soning, powerful in appeal, and a book which every Chris- 
tian in the world ought to read.” 2. ‘ Missions, their 
authority, scope, and encouragement,” by the Rev. Richard 
W. Hamilton, Leeds, to which the second prize of the As- 
sociation alluded to above was adjudged. This work has 
likewise been characterized by properties somewhat siniilar 
to those which have been applied to “ The Great Commis- 
sion,” and the Author has been eulogized as a writer of 
great power and originality.—3. “The Jubilee of the World,” 
by the Rev. J. Macfarlane, Minister of Colessie, published 
at the recommendation of four of the adjudicators of the 
Missionary Prize Essays—a volume which is justly consid- 
ered as “the production of a well-disciplined mind, accus- 
tomed to think deeply and accurately on any subject to 
which its energies might be directed—that its tone and tem- 
per are decidedly evangelical, its spirit eminently catholic, 
and. its appeals stirring and appropriate.”—4. “Christian 
Missions to Heathen Nations,” by the Honorable Baptist 
W. Noel, M. A. “Though this volume is not considered 
“equal to Mr. Macfarlane’s in point of close argument and 
logical deduction, yet it has the advantage of it as a practt- 
cal treatise on missionary work, and evinces a minute ac- 
qraintance with the whole scene of missionary labors, 
which, in this respect, is considered by some as superior to 
any of the other essays. Were these works carefully perused 
by the great mass of the Christian world, their spirit im- 
bibed, and their practical suggestions carried into effect, the 
world would, ere long, be regenerated, and the dawn of the 
Millennial era would soon make its appearance 
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nevolent wishes is highly becoming, and conge- 
nial to the spirit of Christianity. But av 
slight acquaintance with geographical scie 
will teach us, that when we in this country are 
commencing religious services of the first day of 
the week, our Christian brethren in the East 
Indies, who live under a very differe meridian, 
have finished theirs; those in Russia, Poland, 
Greece, Palestine, and on the banks of the Caspian 
sea, have performed one-half of their public re- 
ligious worship and instructions; and ‘those in 
New Holland and Van Dieman’s Land have re- 
tired to rest at the close of their Sabbath. On the 
other hand, our friends in the West India islands, 
and in America, at the close of our worship, are 
only about to commence the public instructions 
of the Christian Sabbath. If, then, it be admitted 
that our prayers, in certain cases, ought to be 
specific, to have a reference to the particular cases 
and relations of certain classes of individuals, 
there can be no valid reason assigned, why they 
should not have a reference to the geographical 
pesitions of the different portions of the Chris- 
tian Church, as well as to those who live on or 
near our own mori that, for example, i 4 
beginning of our public devotions, we ig - 
plore that the blessing of God may accompany 
the instructions which have been delivered in the 
Eastern parts of the world; and that at the close 
of the worship, that the same agency may direct 
the exercises of those in the Western hemisphere, 
who are about to enter on the sacred services of 
that day. On the same principle we may per- 
ceive the absurdity of those ‘“concerts’’ for pray- 
ing in different places at the same hour, which 
were lately proposed, and attempted by a certain 
portion of the religious world, Even within the 
limits of Europe, this could not be atiempted, 
with the prospect of Christians joining in devo- 
tion at one aud the same time; for when it is six 
o’clock in one part of Europe, it is eight in an- 
other, and five o’clock at a third place; much 
less could such a concert take place throughout 
Europe, Asia, and America. So that science, 
and a calm consideration of the nature and rela- 
tions of things, may teach us to preserve our de- 
votional fervor and zeal within the bounds of 
reason and propriety ; and, at the same time, to 
direct our reflections and our Christian sympa- 
thies, to take a wider range than that to which 
they are usually confined. 

Beside the consideration now suggested, a seri- 
ous contemplation of the physical objects and 
movements which this science exhibits, has a 
tendency to excite pious and reverential emotions. 
To contemplate this huge globe of Jand and water, 
flying with rapidity through the voids of space, 
conveying its vast population from one region to 
another, at the rate of fifteen hundred thousand 
miles in a day, and whirling round its axis at the 
same time, to produce the constant succession of 
day and night,—to contemplate the lofty ridges of 
mountains that stretch around it in every direc- 
tion; the flaming volcanoes; the roaring cataracts; 
the numerous rivers, incessantly rolling their 
watery treasures into the seas; the majestic ocean, 
and its unfathomable caverns; the vapors rising 
from its surface, and replenishing the springs and 
rivers; the avalanche hurling down the moun- 
tain’s side with a noise like thunder; the luxuri- 
ant plains of the torrid zone; the rugged cliffs 
and icebergs of the polar regions; and thousands 
of other objects of diversified beauty and sublimi- 
ty,—has an evident tendency to expand the con- 
ceptions of the human mind, to increase its 
sources of rational enjoyment, and to elevate the 
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affections to that All-powerful Being who gave 
th to all the sublimities of Nature, and who 

incessantly superintends all its movements. 

In fine, from the numerous moral facts which 
Geography unfolds, we learn the vast depth and 
extent of that moral degradation into which the 
human race has fallen—the ferocious tempers, 
and immoral practices, which are displayed in thes 
regions of Pagan idolatry—the horrid cruelties, 
and vile abominations, that are daily perpetrated 
under sanction of what is termed Religion— 
the wide extent of population over which the 
prince of darkness sways his scepter—the diffi- 
culties which require to be surmounted, before 
“the Gospel of salvation’ can extend its full in- 
fluence throughout the Pagan world—and the vast 
energies which are requisite to accomplish this 
glorious event. Ali these portions of information 
are calculated to confirm and illustrate the scrip- 
tural doctrine of the universal depravity of man— 
to exercise the faith of the Christian on the pro- 
mises of Jehovah, in reference to the conversion 
of the benighted nations—to arouse his sympa- 
thies toward his degraded brethren of mankind, 
to ite his intercession in their behalf, and to 
snot his benevolence and activity, in devising 
and executing schemes for enlightening the peo- 
ple who are sitting “in darkness, and in the 
shadow of death.” 


GEOLOGY. 


Another subject intimately related to the for- 
mer, is the science of Geology. 

This science has for its object, to investigate 
and describe the internal structure of the earth, 
the arrangement of the materials of which it is 
composed, the circumstances peculiar to its origi- 
nal formation, the different states under which it 
has existed, and the various changes which it ap- 
pears to have undergone since the Almighty crea- 
ted the substance of which itis composed. From 
a consideration of the vast quantity of materials 
contained in the internal structure of our globe, 
and of the limited extent to which men can carry 
their operations, when they attempt to penetrate 
into its bowels, it is obvious that our knowledge 
of this subject must be very shallow and imper- 
fect. The observations, however, which have 
been made on the structure of our globe during 
the last half century, and the conclusions deduced 
from them, are highly interesting both to the 
philosopher and to the Christian. Before the facts 
on which this branch of Natural History is 
founded, were accurately ascertained, various ob- 
jections to the Mosaic history of the creation 
were started by certain skeptical philosophers, 
founded on partial and erroneous views of the 
real structure and economy of the earth; but it is 
now found, that the more accurately and minute- 
ly the system of nature is explored, the more dis- 
tinctly do we perceive the harmony that subsists 
between the records of Revelation and the opera- 
tions of the Creator in the material world. If 
both be admitted as the effects of the agency of 
the same Almighty and Eternal Being, they must, 
in the nature of things, completely harmonize, 
and can never be repugnant to each other — 
whether we be capable in.every instance of per- 
ceiving their complete coincidence or not. If 
any facts could be produced in the visible creation 
which directly contradict the records of the Bible, 
it would form a proof, that,the oracles which we 
hold as Divine were not dictated by the Creator 





and Governor of the Universe. But although 
some garbled facts have been triumphantly ex- 
hibited in this view; it is now ascertained, from 
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the discoveries which have been lately made in re. 
lation to the cture and formation of the earth, 
that the truth of the facts detailed in Sacred His- 
tory rests on a.solid and immutable basis; and 
that the Supreme Intelligence who- arranged. the 
fabric of heaven and earth, and he alone, commu- 
nicated to the inspired writers the doctrines and 
facts they have recorded: and we have reason to be- 
lieve, that as Geologists proceed in their researches 
and investigations, still more sensible proofs of the 
authenticity of Revelation will be brought to light. 

Geology has of late become an interesting ob- 
ject of inquiry to the student of general science, 
and is now prosecuted with ardor by many dis- 
tinguished philosophers. The observations which 
have been made in various parts of the world hy 
late navigators; the facts which have been ascer- 
tained by Pallas, Saussure, De Luc, Humboldt, 
Lyell, Sedgwick, and other intelligent travelers; 
and the discoveries which have been brought to 
light by modern chemists and mineralogists, have 
all conspired to facilitate Geological inquiries, to 
render them more enlighténed and satisfactory, 
and to prepare the way fo future ages establish- 
ing a rational, scriptural, and substantial theory 
of the earth. The man who engages at such in- 
quiries has always at hand a source of rational 
investigation and enjoyment. The ground on 
which he treads—the aspect of the surrounding 
country—the mines, the caves, and the quarries 
which he explores—every new country in which 
he travels, every mountain he climbs, and every 
new surface of the earth that is laid open to his 
inspection, offer to him’ novel and interesting 
stores of information. On descending into mines, 
we are not only gratified by displays of human 
ingenuity, but we also acquire views of the strata 
of earth, and of the revolutions it has undergone 
since the period of its first formation. Our re- 
searches on the surface of the earth, amidst abrupt 
precipices and lofty mountains, introduce us to 
the grandest and most sublime works of the Cre- 
ator, and present to our view. the effects of stu- 
pendous forces, which have overturned moun- 
tains, and rent the foundations of nature. “In 
the midst of such scenes, the Geologist fecls his 
mind invigorated; the magnitude of the appear- 
ances before him extinguishes all the little:and 
contracted notions he may have formed in the 
closet; and he learns, that it is only by visiting 
and studying those stupendous works, that he can 
form an adequate conception of the great rela- 
tions of the crust of the globe, and of its mode 
of formation.’’ * A 

At first sight, the solid mass of the earth appears 
to be.a confused assemblage of rocky masses, 
piled on each other without regularity or order, 
where none of those admirable displays of skill 
and contrivance are to be observed, which so 
powerfully excite attention in the structure of 
animals and vegetables, But on a nearer and 
more intimate view, a variety of beautiful ar- 
rangements has been traced by the industry of 
Geologists, and the light of modern discoveries: 
by which they have been enabled to classify these 
apparent irregularities of nature. The rocks of 
which the crust of the earth is chiefly composed, 
occur in beds or layers, each of which is distin- 
guished by its peculiar characteristic. 1. The first 
class is what has been denominated Primary 
Rocks. These constitute the great frame-work, 
or primitive enyelope of the globe. They form 
the most lofty mountains, and at the same time 
extend downward below all the other formations 
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to the greatest depths yet penetrated by man, and 
constitute everywhere the foundation on which 
the other rocks are supported. It is, therefore, 
supposed that they were the earliest formed, in 
the progress of creation; and are hence denomi- 
nated primitive or primary rocks. One of the 
principal rocks of this class is granite, which is 
compounded of quartz, feldspar,and mica. Gneiss, 
or slaty granite, is considered as another species; 
and mica slate a third species of the primitive rocks. 
There are some other primary rocks which occur 
imbedded in; and interstratified,with the principal 
primitive rocks. They are called subordinate rocks, 
and are named as follows:—Hornblende rock, Ser- 
pentine, Crystalline Limestone, Quartz rock. The 
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the primeval ocean, when the disruptions caused 
by such powerful and mighty movements, reduced 
the higher parts of the primitive to fragments. 
These shattered fragments becoming agglutinated 
by their own pulverent cement, recomposed con- 
tinuous strata which form the rocks to which we 
allude. In this class of rocks we first behold the 
rudiments of vitality—the dawn of organization 
—the first-born of earthly creatures, whose ex- 
istence is recorded in imperishable characters. 
These consist of organized beings of the lowest 
orders, such as sea-shells of various descriptions, 
which are here found imbedded, and which afford 
a decisive evidence that such rocks were formed 
after the creation of organized beings—the rocks 
belonging to this class are Transition or mountain 
limestone—Graywacke, and graywacke slate— 
Slate and its varieties. Roof-slate, and the slate of 
which school slates are made, are well known va- 
rieties of this rock. It is sometimes called clay- 
slate, argillaceous slate, and argillaceous schistus. 
Transition rocks are the principal repositories of 
metallic ores,which occur both in beds and veins 
more abundantly in many of the rocks of this 
‘class than in primary rocks. 

3. The next class is the Seconpary Rocks, 
which lie upon the transition rocks, aud appear 
like deposits composed of grains which once be- 

















‘< 


69 


three principal rocks of this class, granite, gneiss, 
and mica slate, might with propriety be regarded as 
belonging to one formation. They are composed 
essentially of the same minerals, varying in differ- 
ent proportions, and are rather modes of the same 
rock than different species. They pass by gra- 
dations into each other, as one or other of 
their constituent minerals becomes more or less 
abundant; they alternate with each other in va- 
rious situations, and may be regarded as contem- 
poraneous.—Granite is considered as the founda- 
tion rock, on'which slate and all secondary rocks 
are laid. When granite rises above the surface, 
the beds of other rocks in the same district rise 
toward it, and lie against it, as in fig. 15; but there 
are instances in which they appear to pitch 
under the granite, as in the next figure, 
The aspect of granite mountains is ex- 
tremely various. When the beds are hori- 
‘zontal, or when the rock is soft and disinte- 
grating, the summits are rounded and un- 
picturesque. (See fig. 16.) When hard 
and soft granite occur in the same mass, 
the soft decomposes, and leaves the hard in 
large, loose masses upon the soil, or if 
lie in alternate and highly inclined 
the hard granite forms high and almo 
accessible peaks, as seen in fig. 47. 
The structure of primary rocks is crys- 
talline—(see fig. 17), they form the central 
parts of the most elevated mountain-chains 
—they never contain the fragments of other 
rocks—-and they are particularly distinguish- 
ed from all other formations in this,—that 
they contain no remains of organized sub- 
stances. There also appears conclusive ev- 
idence, that materials composing granite, 
of which this class of rocks chiefly consists, 
were once in a state of fusion. 
2.The class of rocks next in order to the 
primitive are what are termed Transition 
Rockxs,—which are next and above the 
primitive on’ which they rest. This forma- 
tion is composed of the larger fragments of 
all the primitive rocks consolidated into 
continuous masses. It is supposed that 
these rocks were formed, when the prima- 
ry rocks were thrown up from the bed of 
longed to primitive rocks. Geologists now divide 
these rocks into upper secondary and lower secon- 
dary. The principal secondary formations are: 
(1.)—The coal fermation, in the lower secondary 
series, and the rock-salt or saliferous formation in 
the upper secondary. The strata of the coal for- 
mation are numerous, extensive, and parallel; but 
they are often beset, undulating, curved, broken, 
and contorted in various ways. The strata con- 
nected with the coal bear evidences, in some in- 
stances, of having been rapidly deposited, as in the 
cases where we find the vertical stems of plants 
standing in their natural position, in many coal 
mines, and the rocks deposited around them in 
horizontal or slightly inclined strata. The stems 
of arborescent plants, two or three feet in diame- 
ter, are thus found piercing through the strata 
many feet. In such a case, the sand mud must 
have been deposited within a comparatively short 
time around ithem, otherwise in a climate such as 
that in which these plants grew, they would have 
decayed and left no indications of their existence. 
—Coal occurs in regular strata which vary in 
thickness from a few inches to several feet or 
yards. In the same coal formations many strata 
of coal occur under each other separated by a 
stratum of shale, sandstone, etc. The series of 
strata which occur together is called a coal field. 
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‘bonaceous and mineral matter. The, different 
strata over and under the beds of coal are fre- 
quently similar, and the same series of strata is 
repeated for each successive stratum of coal, as 
shown in fig. 18. Coals are generally supposed 


Coal fields are of limited extent, and thé strata 
often dip to a common center, being often ar- 
ranged in basin-shaped cavities, which appear to 
have been originally detached lakes that were 
gradually filled up by repeated depositions of car- 








Fig. 18. 
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to have had a vegetable origin; and, when we| 4. The next division is the TerTIARY, which is 

consider the abundance of vegetable remains usu- | considered as having been deposited after the 

ally found in connection with coal, and the vege- Secondary. The strata comprehended under this 

en) structure which the coal itself sometimes | class consist of beds of clay, marl, sand, pudding- 
0 


exhibits, we can hardly doubt as to its origin. At|stones, and imperfectly consolidated limestone, 
most coal mines, even the thinnest layers of slate, | which appear to have been deposited since the 
when split off, show the impressions of the leaves |chalk formation. The tertiaty deposits contain 
and flat stems of the various grasses, reeds, and | no beds of minerals or metallic veins, capable of 
ferns, in all their most delicate parts. The im- | exploration, except lignite and jet, which are used 
pressions between the layers of slate sometimes | for fuel and ornament,—clay for pottery, sand for 
give as perfect a representation of the plant,as if | the manufacture of glass, pyrites for the manu- 
the plant had been pressed and dried in a book,.| facture of copperas and alum, and a valuable iron 
and the leaves then opened to display it. ore called hydrate of iron. This formation, how- 
(2.) The upper secondary rocks comprise all the | ever, abounds with a vast quantity of vegetable 
different formations above the great coal forma- | and animal remains, such as crocodiles, crabs, lob- 
tions, to the upper limit of the chalk series. These | sters, several species‘of vertebral fish, and a vast- 
rocks are divided into the three following forma- | number of testaceous exuvie; so well preserved 
tions. 1. Chalk, or cretaceous rocks, including | as to have the appearance of recent shells. The 
the ferruginous and green sand. 2. Oolitic Rocks, | most remarkable discovery that has been made re- 
lias limestone, and lias clay. 3. Red Sandstone, | specting the Tertiary deposits is, that many of | 
including magnesian limestone-—The red sand- | them contain the bones of smammiferous animals 
stone formation is characterized by the first ap-| (that is those which suckle their young) as per- 
pearance of the remains of the Sawrian, or lizard- | fect in their organization as any of the exising 
shaped animals. ‘The remains of a number of’| species of land animals; but most of them belong 
species have been found, differing in their appear- | to genera or species that are extinct. These strata 
ance from the crocodile and alligator, some of-| are further remarkable, for presenting the frequent: 
which must have been from 60 to 120 feet in | alternation of beds containing the remains of ma- 
length. These animals appear to have lived in|rine animals, with other beds that contain the 
salt water, unlike any of this class with which | bones of land animals or fresh water shells. The 
we are acquainted at the present day, all of which | city of Paris, in France, and the country around, 
belong either to the land or to fresh water. They | which are situated upon a tertiary deposit, which 
had neither feet nor fins, but paddles like the sea | rests upon chalk—are remarkable for the extraor- 
turtle, and their tails were long, of the form of an | dinary organic remains which they contain. Mil- 
oar, and fitted 1o propel them through the most | lions of marine shells compose the principal mass. 
agitated waters. The Oolitic rocks are composed | Bones of marine animals, of which the genera are 
of various strata of limestone, clay, sand, and entirely unknown, are found in certain parts. 
sandstone. Qolite derives its name from the small | Other bones, remarkable for their vast size, and 
globules that are imbedded in this species of rock | of which some of similar genera exist only in dis- 
—some of the masses of which appear composed | tant countries, are found scattered in the upper 
of little rounded globules like the yoes of, fish.| beds. Not only the remains of sea animals and 
These rocks are remarkable for the great variety | land quadrupeds, but also those of birds, are found 
of organic remains they contain. The animal | in this deposit, such as the duck, the pelican, the 
remains are those belonging to the land, © | woodcock, the starling, and the skylark, The 
fresh water. The teeth and bones of fi famous locality of fossil fish at Monte Bolea, in 
reptiles are abundant. The reptiles are mostly Italy, is in tertiary strata. About 105 species 
saurian animals and turtles. Among these are | have been found in those quarries, and many of 
the Megalo saurus, the Plesio saurus, and the Igu- | them are different from any species known to ex- 
anodon, some of which must have been at least | ist in the neighboring seas, or even in any part of 
70 feet in length, and of the hight of an elephant. | the earth, 
There are also vegetable fossils in these rocks,— 5. The next distinction of formations made by 
consisting of arborescent forms, trunks of palms, Geologists is Dinuvian and Alluvial deposits—the 
gigantic reeds, and similar vegetable productions, | former being gerierally considered as having been 
which are now to be found growing only in the | formed by the last general deluge, and the latter 
Torrid Zone. by currents of rivers and other causes now in 
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operation. The blocks of rock and the beds of 
gravel spread or scattered on the surface of the 
ground, composed of stone or fragments foreign 
to the district in which they are spread, and which 
frequently cover the bones of unknown speciés 
of quadrupeds—are called Diluvial depositions, 
that is, depositions which have been caused by a 
deluge. The materials of these deposits are usu- 
ally coarse, and composed of gravel, pebbles, and 
blocks of a great variety of rocks aggregated with- 
out any regularity. The sand, soil, or fragments 
brought down by rivers, and spread along their 
banks or at their mouths, are called alluvial depo- 
sitions. The bones and skeletons of large ani- 
mals, and especially the Mammoth, are found in 
diluvial gravel in many countries. In. Siberia, 
the tusks of the fossil elephant are found in the 
diluvial banks of almost every river, and some- 
times in such abundance that the ivory from these 
skeletons is an article of export. It is said that 
the skeleton of a whale lies on the top of moun- 
tains 3000 feet high on the coast of the Northern 
ocean, which could scarcely have been conveyed 
to such an elevation but’ immense over- 
whelming deluge. 

ALLuviAL deposits are the most superficial of 
all the formations; they are forming every day; 
they envelop the remains of animals that still ex- 
ist on the surfaces they have formed, and they are 
also mingled with the remains of animals which 
have existed in recent times. The alluvial beds, 
taken as masses, are all of loose earth, and are 
never covered by rocky masses; and in these 
beds chiefly are te be found the remains of human 
beings and the monuments of their industry and 
art. There isa constant tendency in torrents, 
currents, rivers, tides, winds, and similar causes, 
to wear down the inequalities of the land and de- 
posit the materials in the sea. In this way deltas 
have been formed, such as the deltas of the Nile, 
the Ganges, the Mississippi, the Danube, and the 
Rhone. The mouths of the Mississippi are now 
more than 100 miles from its original entrance 
‘into the gulf of Mexico, and for hundreds of 
miles above most of the land seen from its banks 
is alluvial; so that all the mass of land alluded to 
has been formed by materials carried down by the 
rapid current of this mighty river. The delta of 
the Ganges commences 220 miles in a direct line 
from the ocean; and the town of Adria, which 
was once a port on the Adriatic, is now 20 miles 
inland; all which vast accumulations are con- 
sidered as the effects of Alluvial depositions. 

6. There is likewise a species of Rocks distin- 
guished by Geologists by the title of Voucanic 
and Basarric rocks; which owe their origin to 
volcanic fire, and are sometimes forced up to the 
surface of the earth by the action of subterranean 
heat. The principal volcanic rocks are basalt, 
lava, and greenstone. Volcanic rocks occur in 
shapeless masses, and are destitute of organic re- 
mains. In some parts of Europe, as in Iceland, 
Sicily, and the country around Naples, active vol- 
canoes still exist, which frequently emit vast 
quantities of lava, ashes, and other species of mat- 
ter. But even in places where no active volca- 
noes exist, as in Auvergne, Velay, and Vivavais, in 
France, several hundreds of conical hills are 
found, with craters near their summits. These 
hills are composed of materials similar to those 
of active volcanoes, and streams of lava may 
sometimes be traced proceeding from the cones 
into the adjoining valleys, where they choke up 
the ancient channels of rivers, in thé same man- 
ner as somne of the modern lavas in Iceland have 
been known to do, the rivers either flowing be- 
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neath, or cutting out a passage on one side of the 
lava.—T rap rocks are related to volcanic, and are 
mostly composed of hornblende and feldspar. The 
term Urap is derived from the German word irappa, 
a stair, as many of these rocks occur in a terrace 
form, or like the steps of a stair—a configuration 
which is supposed to be owing to the stopping of 


| large sheets of lava when flowing, whether at the 


bottom of the sea or on dry land; for it is known 
that streams of lava generally terminate in ab- 
rupt precipices, similar to the beds constituting 
the trap ranges. These rocks.are distinguished, 
even at a distance, from those of the stratified 
formations, as they occur in shapeless masses, and 
form hilly tracts of great irregularity of surface, 
or in the form of walls or dykes penetrating other 
rocks, which they alter in character to a certain 
degree at this point of contact. 

Basalt is of a black or bluish-gray color. It is 
commonly fine-grained, and consists of an inti- 
mate admixture of feldspar and augite, a variety- 
of hornblende, with some oxyd of iron. Many 
of the Western Islands of Scotland are wholly or 
almost composed of basalt. The island of Staffa 
is a complete mass of basalt. It is about two 
miles in circumference, and is surrounded on 
every side by steep cliffs, 70 feet high, formed of 
clusters of angular columns, containing from 5 
to 7 sides each. Fingal’s cave is in the S. E. cor- 
ner of the island, and presents a magnificent 
chasm, 42 feet wide, and 227 in length. The 
roof, which is 100 feet high at the entrance, gra- 
dually diminishes to 50, and is composed of the 
projecting extremities of basaltic pillars, and the 
base of a causeway of the same materials—The 
Giant’s Causeway, in the county of Antrim, in 
Treland, is another striking specimen of basaltic 
columns. It consists of hundreds of thousands 
of pentagonal and hexagonal columns (that is, 
columns of 5 and 6 sides) varying from 1 to 5 
feet in thickness, and from 20 to 200 feet in hight. 
The district in which this remarkable formation 
occurs lies on both sides of the river Bann, and 
comprehends an area of 800 square miles— 
Throughout this area, the basalt is found occupy- 
ing all the eminences, and constituting an over- 
lying bed of igneous rocks, at least 500 feet in 
thickness. The greatest mass of basalt yet known 
occurs in the province of Deccan in India, where 
it constitutes the surface over an area of many 
thousand square miles. 

Having given the above brief sketches of the 
different orders of stratification, I shall conclude 
this department of the subject, by a few general 
statements respecting the organic remains imbed- 
ded in the several formations to which we have 
adverted. 

1. Organic remains are not found promiscuous- 
ly scattered through the rocks, but each forma- 
tion has its peculiar group of animals and plants; 
and on comparing together the larger groups of 
strata, we find scarcely any organic remains com- 
mon to any two of them. These fossil animals 
and plants are found together in groups, very 
much as living plants and animals are—different 
gro Beeoine different portions of the surface 
of the earth and of the ocean. Hence it is con- 
cluded, that these remains were once living plants 
and animals, which, in different periods, occupied 
the ocean and the dry land, grouped together as 
we now find them, and that, as they died, they be- 
came enveloped in rock, near the places where 
they passed their existence. 

2. Some of the formations and deposits to which 
we have alluded, particularly the 


fountain lime- . 
stone, consist almost entirely of the shells and co- — 
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ralline productions of sea animals, and this for- 
mation is often a thousand or more feet in thick- 
ness, and many milesin length and breadth. In 
what are termed the Silurian formations is found 
a long succession of strata many thousand feet in 
thickness, and imbedding not fewer than 375 spe- 
cies belonging to the animal kingdom. 

3. It is considered as an established fact, that 
of more than 3000 species of plants and animals 
that are found in a fossil state in the secondary 
rocks, not.a single species corresponds with any 
now living on-the globe; and even out of 3000 
fossil species in the Tertiary formation less than 
600 are identical with living species. In short, 
in all the different formations, until we come to 
the uppermost and the newest, the thousand spe- 
cies they contain are all different from any in the 
now existing creation, though possessing family 
analogies. ; 

4. It is a remarkable fact,that notwithstanding 
the great variety of fossils observed in the early 
formations, the remains of Man are not to' be 
found in these formations. The remains of bu- 
man beings and the vestiges of the arts and ope- 
rations of man are discovered only in or upon 
those earthly masses which are demonstrably pos- 
terior to all regular geological deposits—or, the 
Diluvial and Alluvial formations—and under cir- 
cumstances indicating the human species to have 
been among the recent productions of the Crea- 
tor’s power, and that man was created at a period 
posterior to those great changes and convulsions 
which destroyed so many millions of millions of 
animated beings. Had this not been the case, it 
is almost certain that numerous remains of the 
human species would have been found in the early 
formations. 

“The phenomena of Geology show that the 
original formation of the rocks: has been accom- 
panied, in nearly all its stages, by a process of 
waste, decay, and recomposition. The rocks, as 
they were successively deposited, were acted upon 
by air and water, heat, etc., broken into frag- 
ments or worn down into grains out of which 
new strata were formed. Even the newer se- 
condary rocks, since their consolidation, have 
been subject to great changes, of which very dis- 
tinct monuments remain. Thus, we have single 
mountains, which from their structure can be 
considered only as remnants of great formations, 
or of great continents no longer in existence. 
Mount Meisner, in Hesse, six miles long, and three 
broad, rises about 1800 feet above its base, and 
2100 above the sea, overtopping all the neighbor- 
ing hills for 40 or 50 miles round. The lowest 
part of the mountain consists of the same shell, 
limestone, and sandstone, which exist in the adja- 
cent country. Above these are, first, a bed of 
sand, then a bed of fossil wood 100 feet thick at 
some points, and the whole is covered by a mass 
of basalt, 500 feet in hight. On considering these 
facts it is impossible to avoid concluding, that this 
mountain which now overtops the neighboring 
country, occupied at one time the bottom of a 
cavity in the midst of the higher land ie The 
vast mass of fossil wood could not all havé grown 
there, but must have been transported by water 
from a more elevated surface, and lodged in what 
was then a hollow. The basalt which covers the 
wood must also have flowed in a current from a 
higher site; but the soil over which the basalt and 
the wood passed has been swept away, leaving this 
mountain as a solitary memorial to attest its ex- 
istence. Thus also on the side of Mount Jura 
next the Alps, where no other mountain inter- 
poses, there are found vast blocks of granite 
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(some of them of 1000 cubic yards) at the hight i 
of more than 2000 feet above the lake of Geneva, — 
These blocks are foreign to the rocks among which 
they lie, and have evidently come from the oppo- 
site chain of the Alps; but the land whieh con- 
stituted the inclined plane over which they were 
rolled or transported has been worn away, and the 
valley of Lower Switzerland, with its lakes, now 
occupies its place. Transported masses of primi- 
tive rocks of the same description are found scat- 
tered over the north of Germany, which Von 
Buch ascertained, by their characters, to belong to 
the mountains of Scandinavia; and which there- 
fore carry us back to a period when an elevated 
continent, occupying the basin of the Baltic, con- 
nected Saxony and Norway.’’* 

The production of a bed for vegetation is effee- 
ted by the decomposition of rocks. This decom- 
position is effected by the expansion of water in 
pores or the fissures of rocks, by heat or congela- 
tion, by the solvent power of moisture, and by 
electricity, which is known to be a powerful 
agent of decomposition. As soon as the rock be- 
gins to be softe he seeds of lichens, which 
are constantly fl in the air, make it their 
resting-place. Th enerations occupy it until 
a finely divided earth is formed, which becomes 
capable of supporting mosses and heath; acted 
upon by light and heat, these plants imbibe the 
dew and convert constituent parts of the air into 
nourishment. ‘Their death and decay afford food 
for a-~more perfect species -of vegetable; and at 
length a mold is formed, in which even the trees 
of the forest can fix their roots,and which is ca- 
pable of rewarding the labors of the cultivator.— 
The decomposition of rock tends to the renovation 
of soils, as well as their cultivation. Finely di- 
vided matter is carried by rivers from the higher 
districts to the low countries, and alluvial lands 
are usually extremely fertile. By these opera- 
tions the quantity of habitable surface is con- 
stantly increased; precipitous cliffs are gradually 
made gentle slopes, lakes are filled up, and islands 
are formed at the mouths of great rivers; so that, 
as the world grows older, its capacity for contain- 
ing an increased number of inhabitants is gradu- 
ally enlarging. 

Of all the memorials of the past history of our 
globe, the most interesting .are those myriads of, 
remains of organized bodies which exist in the 
interior ofits outer crusts. In these, we find 
traces of innumerable orders of beings existing 
under different circumstances, succeeding one an- 
other at distant epochs, and varying through mul- 
tiplied changes of form. “If we examine the 
secondary rocks, beginning with the most ancient, 
the first organic remains which present themselves 
are those of aquatic plants and large reeds, but 
of species different from ours. To these succeed 
madrepores, encrenites, and other aquatic zoo- 
phites, living beings of the simplest forms, which 
remain attached to one spot, and partake, in some 
degree, of the nature of vegetables. Posterior to 
these are ammonites, and other mollusci, still very 
simple in their forms, and entirely different from 







any animals now known. After these, some fishes 


appear; and plants, consisting. of bamboos and 
ferns, increase, but still different from those which 
exist. In the next period, ulong with an increas+ 
ing number of extinct species of shells and fishes, 
we meet with amphibious and viviparous quadru- 
peds, such as crocogiles and tortoises, and some 
reptiles, as serpents, which show that dry land 
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now existed. As we approach the newest of the 
solid rock formation, we find lamantins, phoce, 
and other cetaceous and mammiferous sea ani- 
mals, with some birds. And in the newest of 
these formations, we find the remains of herbife- 
rous land animals of extinct species, the paleothe- 
rium, anaplotherium, ete., and of birds, with some 
fresh water shells. In the lowest beds of loose 
soil, and in peat bogs, are found the remains of 
the elephant, rhinoceros, hippopotamus, elk, etc., 
of different species from those which now exist, 
but belonging to the same genera. Lastly, the 
bones of the species which are apparently the 
same with those now existing alive, are never 
found except in the very latest alluvial deposi- 
tions, or those which are either formed in the 
sides of rivers, the bottom of ancient lakes and 
marshes now dried up, in peat beds, in the fis- 
sures and caverns of certain rocks, or at small 
depths below the present surface, in places where 
they may have been overwhelmed by debris, or 
even buried by man. Human bones are never 
found except among those of animal species now 
living, and in situations show that they 
have been, comparatively’ ng, recently depo- 
sited.’’* 

Numerous species of animals have been found 
imbedded in the secondary strata—no living ex- 
amples of which are now to be found in any 
quarter of the globe. Among the most remarka- 
ble of these are the following:—-l. The Mammoth, 
which bears a certain resemblance to the ele- 
phant. but is much larger, and differs consider- 
ably in the size and form of the tusks, jaws, and 
grinders.” The fossil remains of this animal are 
more abundant in Siberia than in other countries; 
there being scarcely a spot, from the river Don to 
Kamtschatka, in which they have not been found. 
Not only single bones and perfect skeletons of 
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4, The Tapir, which also abounds in America. 
The one named Gigantic Tapir, is about eighteen 
feet long, and twelve feet high. 

5. The Irish Elk, or Elk of the Isle of Man. 
This gigantic species, now apparently extinct, 
eccurs in a fossil state, in Ireland, Isle of Man, 
England, Germany, and France. The most per- 
fect specimen of this species, which was found in 
the Isle of Man, may be seen in the museum of 
the University of Edinburgh. It is six feet high, 


nine feet long, and in hight, to the tip of the right | 


horn, nine feet seven and a half inches.t+ 

Such are a few of the facts which the researches 
of modern Geology have disclosed. Let us now 
consider what are the conclusions which have 
been deduced from them. 

One of the grand conclusions which has been 





* Sup. to Encye. Brit., vol. vi. j 
+An Engraving of this skeleton may be seen in Vol. 
Sixth of Sup. to Encyc. Brit., 6th edit. 
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this animal are frequently to be met with; but, in 
a late instance, the whole animal was found pre- 
served in ice. This animal was discovered on the 
banks of the frozen ocean, near the mouth of the 
river Jena, in 1799; and in 1805, Mr. Adams got 
it conveyed over a space of 7000 miles to Peters- 
burg, where it is deposited in the museum. The 
flesh, skin, and hair, were completely preserved,. 
and even the eyes were entire. It was provided 
with a long mane, and the body was covered with 
hair, This hair was of different qualities. There 
were stiff black bristles from twelve to fifteen 
inches long, and these belonged to the tail, mane, 
and ears. Other bristles were from nine to ten 
inches long, and of a brown color; and ‘beside 
these, there was a coarse wool, from four to five 
inches long, of a pale yellow color. This mam- 
moth was a male; it measured nine feet four 
inches in hight, and was sixteen feet four inches 
long, without including the tusks. The tusks, 
measuring along the curve, are nine feet six 
inches; and the two together weigh 360 lbs. avoir- 
dupois. The head alone, without the tusks, 
weighs 414 lbs. avoirdupois. ‘The remains of this 
animal have been found likewise in Iceland, Nor- 
way, Scotland, England, and in many places 
through the continent onward to the Arctic ocean. 

2. The Megatherium. A complete skeleton of 
this colossal species was found in diluvial soil 
near, Buenos Ayres, and sent to Madrid. The 
specimen is fourteen feet long, and seven Spanish 
feet in hight. 

3. The Great Mastodon of the Ohio, of which 
the following figure is a representation. This spe- 
cies appears to have been as tall as the elephant, 
but with longer and thicker limbs. It had tusks 
like the elephant, and appears to have lived on 








roots. Its remains abound in America, particu- 


larly on the banks of the Ohio. 
Fig. 19. 






deduced by modern geologists—even by those 
who acknowledge the divinity of the Christian 
Revelation, is, that the materials of which our globe 
is composed are of very high antiquity, and were 
brought into existence long before the race of 
Adam was placed upon the earth. The exact 
period of years which any of these materials may 
have existed, or any approximation to it, no geo- 
logist has yet undertaken to determine, nor is it 
likely that the problem will ever be satisfactorily 
solved. In reference to some of the coal strata, 
Mr. Macculloch, in his “System of Geology,” 
states that it would be even too short a period 
“‘ were we to allow 200,000 years for the produc- 
tion of the coal mines of Newcastle with all its 
rocky strata,’ not including the subsequent for- 
mations up to the present condition of the earth. 
Mr. Maclaren, in his “Geology of Fife and the 
Lothians,’’ estimates a single period of volcanic 
quiescence, during which strata of coal, svale, 
sandstone, and limestone, were deposited over the 
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side of Arthur’s Seat, a basaltic hill in the vici- 
nity of Edinburgh—at five hundred thousand 
years. Mr. Babbage, when referring to the ter- 
tiary class of formations, regards it as a t th, 


supported by irresistible evidence, “that the for-) 


mation even of those strata which are nearest the 
surface, must have occupied vast periods, probably 
millions of years.”?* The Rev. Professor Sedg- 
wick, when adverting to the process of forming 
deposits, says, that “a section of a few perpendi- 
cular feet indicates a very long lapse of time,” so 
that in such processes “ many thousands of years 
Sink into a trifling period.’ In short, the most 
respectable modern geologists, when alluding to 
this peint, use such expressions as the followiug— 
“immense periods of time’—‘“a duration to 
which we dare not assign a boundary ’*—‘‘ unde- 
fined ages’’—-‘a long succession of monuments, 
for the production of each of which ‘there may 
have been required a thousand ages ’’—* succes- 
sions of events, where the language of nature 
signifies millions of years’’—a duration which 
it would be presumptuous to put into an estimate 
of years and centuries’—with many other ex- 
pressions of a similar import. Whether such 
strong and unlimited expressions be warranted by 
the nature of the processes alluded to, I do not 
take upon me to determine. 

2. Another conclusion which has been deduced 
from the above stated facts, is, that during the 
changes which the globe has undergone, since its 
original production out of nothing, several de- 
structions and subsequent new creations of animals 
and plants have taken place, perhaps at very dif- 
ferent and very distant epochs. ‘The greater part 
of geologists conclude, that four or five distinct 
epochs of destruction and renewal may be traced 
in the organic remains contained in the different 
strata; in other words, that whole groups have 
been swept at once from existence by some pow- | 
erful catastrophe, and their places supplied by 
other races, called into existence by the creating | 
energy of the Almighty. The records of geology’ 
seem to testify that such was the condition of the 
globe, in those early periods, as to temperature 
and other circumstances, that our present races | 
of animals could not have then existed, and that | 
such was the nature and constitution of these | 
primeval beings, that they could not exist in the | 
present constitution and circumstances of our, 
globe; their natures being adapted to the different 
conditions of the earth, at different periods of its 
existence. 

3. A third conclusion is, that the successive | 
changes to which our globe has been subjected, have 
been improvements in its condition as a habitable 
world, that there has been a correspondent ad- | 
vanee toward perfection in the natures of the 
animals and plants which have been placed upon 
its surface; and that the Deity, during this long | 
period of successive changes, was gradually fitting | 
up this world for the ultimate residence of moral and 
intellectual beings, such as the human species that 

inhabit it. For it appears next to certain | 
that the race of man could not have inhabited) 
this globe in any of the past periods of its’ 
duration, prior to that era in which he was placed | 
upon it. It would appear that the Deity did not) 
think proper to prepare a suitable habitation for | 
man by a miracle, or a direct interposition of his 
Almighty energy, but by the agency of those phy- 
sical laws which he had impressed upon the ele- | 
mentary principles of the material universe. And, 
in order that matter might not exist in vain, my- 








* Babbage’s Ninth Bridgewater Treatise, — 
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riads of brings were brought into existence, under 
the direction of Infinite Wisdom, endowed with — 
faculties and natures adapted to those peculiar 
states of the terraqueous globe in which they 
were to pass their existence. 


iP = 

Such are a few of the facts connected with the 
constitution of our globe, ana the conclusions 
which have been deduced from them. It now 
remains that we inquire into their accordance 
with the records of the Sacred history. 

It has been too frequently taken for granted by 
theologians and commentators, that the whole 
system of the material universe was brought into 
existence within the period of 6000 years from 
the present time; and hence, some of them who 
have been anxious to reconcile the Mosaic and 
Geological chronologies, have attempted to show 
that all the formations and changes in the strata 
of the earth, to which we have alluded, might 
have been effectedswithin the period of 6000 
years, and partic uring the continuance of 
the deluge in the f Noah. Some of them 
have insinuated tha e coralline reefs, which 
exhibit vast accumulations of calcareous matter, 
and which abound on the coast of New Holland, 
and among the islands of the Pacific ocean, have 
been all formed since the present order of things 
commenced; and therefore that all the other for- 
mations to which we have already alluded, even 
the oldest, may have been formed within the 
same period. It has also been insinuated, that it 
appears derogatory to the Wisdom and Power of 
the Creator to suppose, that for thousands of years 
the earth should have been occupied merely with 
vegetables and animals of the lowest orders, and 
that many species of each class were alternately 
created, and permitted to retire out of existence. 

But such positions are now considered as abso- 
lutely untenable by all the most scientific and 
respectable geologists of modern times, as being 
inconsistent with facts that are everywhere per- 
ceptible in the strata of our globe. As to the 
designs which the Almighty had in view, in re- 
plenishing the earth for so long a period of time, 
chiefly with the inferior ranks of existence, and 
again permitting them to perish, it becomes us to 
speak. with reverence and humility, as beings 
whose faculties are limited, and altogether inade- 
quate to trace the inscrutable paths of the Divi- 
nity, or to investigate the reasons of every part 
of his procedure. We cannot, in many cases, 
decide as to what is consistent or inconsistent 
with the attributes of the Almighty; and, in the 
present case, as well asin many others, we must 
admit that the operations of the Deity are un- 
searchable, and “his ways past finding out.” 
**Canst thou by searching find out the secrets of 
God? Canst thou find out the designs of the 
Almighty? they are as high as the heavens, 
deeper than hades; the measure thereof is longer 
than the earth and broader than the sea.”? But 
this we know that, in consequence of the previous 
revolutions which our globe has undergone, it 
was prepared for being a suitable habitation for 
the human species, and for the other ranks of 
animated nature that now possess it; and although 
some portions of it present the appearance of de- 







/solation and disarrangement, yet were man_ its 


chief inhabitant, renovated in the spirit of his 
mind, and found acting on the moral principles 
of Christianity, in the capacity of communities 
and nations, it might soon be cultivated and reno- 
vated throughout all its extent, so as to presont 
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the aspect of a terrestrial paradise, and to shine 
forth with all the beauties of Eden. 

But, to come more particularly to the subject 
in hand. Had Moses, in his history of the Crea- 
tion, positively declared that every portion of the 
material world was created out of nothing, within 
1650 years of the period of the deluge, or about 
6000 years ago, it would be difficult, if not impos- 
sible, to reconcile the facts of geology with the 
Mosaic history. But no such position is to be 
found either in the writings of Moses-or through- 
out any other portion of sacred Scripture. For 
the illustration of this point, it may be proper for 
a little to consider the meaning and import of 
the Ist verse of the first chapter of Genesis: “In 
the beginning God created the heavens and the 
earth.” 

This proposition is to be-considered asa Preface 
to the following narrative of the arrangements 
connected with our terrestrial system, and, indeed, 
to the whole of Divine Revelation; and a more 
comprehensive, emphatic, and appropriate intro- 
duction can searcely be conceived. By the hea- 
vens and the earth, we are t doubtedly to un- 
derstand the whole frame = material universe, 
with all the bodies it contains, wherever existing 
throughout immensity— whether suns, planets, 
comets, nebule, or whatever else exists through- 
out the regions of boundless space. All the bodies 
comprehended under this general expression are 
here said to have been created, that ig, brought 
from nothing into existence by the energy of an 
Eternal and Omnipotent agent. ~The» original 
Hebrew word, Bara, does not indeed neces- 
sarily convey this idea, as it most frequently sig- 
nifies to produce something new or wonderful,” 
or “to arrange, to renovate, or new-model’’ some- 
thing which was previously in existence. It is a 
matter cf rational inference, however, and strictly 
accordant wilh just philosophical principles, that 
the material universe was created out of nothing. 
It is such an inference as cannot be resisted with- 
out doing violence to the fundamental laws of 
human belief. This magnificent frame of the 
universe is here said to have been brought into 
existence by God, the God of Israel, the Self-ex- 
istent and Eternal Jehovah. This declaration 
was intended to teach the Israelites, and all others, 
that the material world as to its original atoms, 





did not arise without a cause, or out of pre-existent | 


materials; that the beautiful order it now exhibits 
did not originate from the fortuitous concourse 
of atoms, as some heathen philosophers imagined, 
and that it did not derive its existence from any 
of the gods of the nations, as some of their blinded 
worshipers foolishly imagined. In opposition to 
all'such chimerical, absurd, and atheistical notions, 
Moses declares, “In the beginning God’’—the 
God of Israel—created the heavens and the 
earth.”? As if he had said, That God who deliv- 
ered you from the land of Egypt, after having 
displayed so many signs and wonders; who di- 
vided the waters of the Red sea before you, and 
who appeared in awful majesty at Mount Sinai; 
that God whom you are commanded to worship, 
and whose laws you are bound to obey—is the 
Great Being who reared that wonderful fabric of 
heaven and earth which your eyes behold. 

The period when this astonishing effect was 
produced is also here declared, “In the beginning.” 
Upon a proper conception of the meaning of this 
expression depends, in a great measure, the recon- 
ciliation of the geological and the Mosaic chro- 
nology. The phrase here stated, “In the begin- 
ning,’’ is vsed to denote the commencement of an 
era, or of 2 series of successive events. It evi- 
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dently implies that, at what period soever in’ the 


long lapse of past.duration, any part of the mate- 
rial creation was brought into existence, it derived 
that existence from the Self-existent and Eternal 
Divinity.. But no specific period is here stated. 
Had Moses expressly told his readers that this pe+ 
riod, when the first materials of creation were 
brought-into existence, was about 2500 years from 
the time in-which he wrote, then there would 
have been an almost insuperable difficulty in re- 
conciling the discoveries of geology with such a 
statement. But no such assertion, either directly 
or by implication, is to be found throughout the 
whole range of Divine revelation. Ten thousands 
of years, or even millions of ages, may have 
elapsed since the first portions of matter were’ 
created, or previous to what is termed the first 
day’s work, in the arrangements of our globe,— 
for anything that the Scripture asserts to the con- 
trary. No limit is fixed to the time which may 
have elapsed between the period when the compo- 
nent materials of our globe were created, and- the 


period when it began to be reduced into the order 


in which we now behold it; and no information 
is given as to the events which may have occurred 
during this interval. For it appears to have been 
the chief design of the Sacred Historian to give a 
narration of those events which were introductory 
to the placing of man upon the earth. And in 
this-point of view it is important to remark, that 
the passage before us is entirely independent of 
the narrative of the six days’ work which follows, 
and is to be considered simply as a general and 
most important truth, forming an appropriate in- 
troduction both to the following narrative and to 
the whole system of Revelation. 

It is therefore to be regretted that certain theo- 
logians should still persist in maintaining that the 
whole material creation must be limited to a pe- 
riod within 6000 years from this date, when Serip- 
ture is silent on this point; for in so doing they 
put an argument into the hands of the phijosophi- 
cal infidel, which it is in his power to wield against 
the truth and authority of Revelation. 

If the propriety of the explanation now given 
be admitted, then it completely removes every ob- 
jection against the Mosaic record, derived from 
the supposed antiquity of the earth. Although it 
could be proved that some of the strata of our 
globe were formed millions of ages ago; although 
we should conceive what is neither impossible, 
nor altogether improbable—that our globe, in an- 
other form, has been the abode, for thousands of 
ages, of intellectual beings analogous to man, who 
are now transported to another region of creation 
—or that it has been the habitation of numerous 
and diversified races both of sentient and intel- 
lectual natures, and that millions of millions of 
ages have rolled on since the Creator put forth his 
Omnipotent energy, and since such stupendous 
revolutions commenced—neither of such views is 
in the least discordant with any doetrine or fact 
recorded in the sacred oracles. ‘The Psalmist de- 
clares in reference to creation, when ee 2 aaa 
the Almighty, “Or oxp hast thou laid the fo ae 
tions of the earth, and the heavens are the works 
of thy hands;” and the Apostle Paul declares, 
“Thou Lord, IN THE BEGINNING, hast laid the 
foundations of the earth.’ But no specific period 
is stated here, or in any other portion of Scrip- 
ture; and the expression or op is not only cor- 
respondent with what we have now stated, but’ 
seems to imply the idea of the high antiquity of 
the earth. 

The circumstance now adverted to—that Moses 
specifies no definite period as the commencement 
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2 ‘ ' x 
of the material creation—I consider as a corrobo- 
rative argument for the truth of Divine Revela- 
tion. Had he written at random, or from vague 
tradition, or had he intended merely to give play 
to an exuberant fancy, in describing what no un-) 
inspired mortal could ever have known—it is not 
likely he would have used language so cautious 
and. appropriate, as not to have interfered with 
any subsequent discoveries that might be made in 
the constitution of the material universe." Among 
all the cosmogonies which have been composed by 
heathen writers, either from tradition or from 
their own fancies, there is not one which accords 
with the discoveries of modern times; but, on the 
contrary, they all contain statements in direct 

“opposition to facts which are known to exist in 

‘the material system. But the inspired writers 

*were—pcrhaps unconsciously to themselves—di- 
rected to use such language as, when rightly in- 
terpreted, would be quite consistent with all the 
views and discoveries that might be opened of the 
works of God to the latest generations. 

It has been supposed by some who cannot be 
persuaded to admit the notion of the high anti- 
quity of the earth, that the rocks, with all the 
fossil petrifactions they contain, were created just 
as we find them, in a moment of time. ‘ The 
Divine Being,” they affirm, ‘might as easily have 
made matter to assume the form of a shell, a fish, 
w lizard, or a water-worn pebble, such as we find 
in these rucks, or of any other shape or structure.” 
To all who have bestowed the least attention on 
the strata of the earth and their fossil remains, 
such statements and reasonings must appear 
foolish and absurd in the highest degree. To use 
the words of Professor Silliman: ‘We will not 
inquire whether Almighty Power inserted plants | 
and animals in mineral masses, and was thus 
exerted in working along series of useless mira- 
cles without design or end, and therefore incredible. 
The man who can believe, for example, that the 
Iguanodon, with his gigantic form, 70 feet in 
length, 10 in height, and 15 in girth, was created 
in the miist of consolidated sandstone, and placed 
down 1000 or 1200 feet from the surface of the 
earth, in a rock composed of ruins and fragments, 
and containing vegetables, shells, fish, and rolled 
pebbles—such a man can believe anything, with 
or without evidence. If there be any such per- 
sons, we must leave them to their own reflections, 
since they cannot be influenced by reason and 
sound argument ; with them we can sustain no 
discussion, for there is no ‘comm: round on 
which we can meet.’ he : 

‘But why, I would:ask, should the idea of the 
high antiquity of the earth frighten any persons 
from. acquiescing in it, when it is not in the least 
repugnant to the declarations of Scripture? So 
far from contracting or distorting our views of 
the Divine perfections, it tends to expand our 
conceptions of the plans and operations of the 
Deity. If periods of duration almost too great 
for an powers to estimate, have been employed 

e original creation of our globe, to bring 
resent state,—if vast successive revolu- 
ifferent eras, have taken place upon its 
. . 

if the waters of the mighty deep have 
at different periods overflowed the solid land—if 
the place where we now stand was once a portion 
of the bottom of the ocean, over which its mighty 
billows for ages hud rolled—if subterraneous fires 
have at different periods raised up from the bottom 
of the deep those huge mountains which now lift 
their summits to the clouds—if lofty mountains 
have been sunk down many thonsand feet below 
their ancient level, so as to form deep valleys of 
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the bottom of the seas—if the Almighty, after 
creating the matter of our globe, impressed certain 
laws upon its elementary substances, and left 
these laws to operate as they now do, with only 
occasional interferences—if races of animated 
beings have occupied the globe for myriads of 
ages—if new races have been created at different 
periods and subsequently destroyed—or if numer- 


| ous orders. of intelligent existence may have 


occupied the surface of the globe ages before man 
was introduced to this terréstrial scene—if tre- 
mendous convulsions have shaken the firm foun- 
dations of the earth—in short, if by all the 
processes to which we have alluded, our globe 
was gradually prepared for the purposes it now 
fulfills, and that the Creator chose to employ these 
rather than the special interposition of miraculous 
power—such considerations tend to exhibit the 
power, wisdom, and benevolence of the Deity, in 
a new point of view, and to enlarge our concep- 
tions of the magnificent plans of him who is * The 
King eternal, immortal, and invisible,’”? who is 
“ wonderful in counsel and excellent in working.”” 
We are here shown that the space which has 
intervened betwe e present time and the 
period when man was first placed upon the globe, 
is but one of the units of a vast series of chrono- 
logical periods which have gone before, and which 
stretch backward into the abyss of immeasurable 
duration. Itis but a single link of the great chain 
which stretches from the moment when matter 
first arose from nothing, to diversify the wilds of 
immensity, down to the hour which is now pas- 
sing over us. And who knows but that the system 
of the globe with which we are presently con- 
nected may be but one link in an interminable 
series of events connected with other orders of 
intelligences, which will .be unfolded during the 
revolutions of a coming eternity. 

The science of astronomy directs our views to 
regions of space which are immeasurable by mor- 
tals, and perhaps even by intelligences of a higher 
order,. and discloses to. our sight ten thousands 
and millions of magnificent orbs, whose existence 
was not even suspected 200 years ago. Geology 
directs our views to a stupendous series of events 
stretching back to the ages of a past eternity. 
The one conducts our vision to the far distant re- 
gions of immensity ;—the other to the immeasura- 
ble periods of past duration; the one enlarges our 
conceptions of space, and the innumerable objects 
with which it is diversified;—the other expands 
our ideas of time, and the revolutions which have 
marked its progress. But astronomy has done 
more than this. Like Geology, it extends our 
views to periods of time immensely long in the 
flux of past duration—periods during which thou- 
sands of the luminaries of heaven have existed 
and displayed their radiance. Sir W. Herschel, 
in his remarks on the Nebule, has concluded, from 
a variety of ingenious reasonings and observa- 
tions, that these nebule which assume a milky 
light or appearance, cannot be less than about 
7000 times the distance of the star Sirius, or 168 
thousand billions of miles; an ther obser- 
vations, it is inferred that other bodies in the hea- 
vens are removed to a much greater distance. 
Now, light, notwithstanding its amazing velocity 
of 192,000 miles in a second, would be nearly 
thirty thousand years ere it could fly from such 
a nebulw to the earth. Since, therefore, it is a 
fact that the light of such bodies has actually been 
seen, and consequently, that it must have been 
traveling at least many thousands of years before 
it could have reached the eyes of any of tho in- 
habitants of our globe; it follows, that such bodies 
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must have been brought into existence at far dis- 
tant periods of past duration, otherwise they could 
not thus have darted their light through such vast 
spaces of immensity. ' 

_The discoveries of modern astronomy likewise 
disclose to us certain facts which lead us to the 
conclusion, that certain progressive operations 
are going forward, analogous to those which ap- 
pear to have been carried forward in remote ages, 
in relation to our globe.-—Had our limits permit- 
ted, we might have shown that some of the com- 
ets appear to be in an early stage of their progress 
toward becoming habitable worlds—that many of 
the nebula give evidence of a gradual progression 
toward condensation—that the appearance of new 
stars, the disappearance of others which had long 
shone in the heavens, and the gradual diminution 
of the light of others—the changes which appear 
to be occasionally taking place on the surfaces of 
the sun and the planets, along with other ce- 
lestial phenomena—are indications that progres- 
sion toward perfection, and perpetual change, are 


not peculiar to our world, but are principles in the |. 


Creator’s government perveuaesne wide-extended 
universe. : 

In short, progressive improvement toward per- 
fection forms a characteristic of the plans of the 
Almighty, not only in the physical, butalso in the 
moral world. In the first instance, after the flood, 
the knowledge of the true God was chiefly con- 
fined to the family of Abraham; afterward, it 
was disseminated among the. tribes of Israel, but 
circumscribed within the small territory of Judea; 
in process of time it was partially diffused among 
the surrounding nations; after the Christian era 
it spread abroad through the greater part of the Ro- 
man Empire; it has now extended its influence 
ever most of the European nations, and over a 
certain portion of the tribes that inhabit Asia, 
Africa, and America. It is stillin progress; and, 
on the foundation of the declarations of inspired 
prophets, we now look forward to the period when 
‘the glory of Jehovah shall be revealed, and when 
all flesh shall see it together;’’ when “all the ends 
of the world shall remember and turn to the 
Lord,” and “ when righteousness and praise shall 
spring forth before all nations.” And the scenes 
of a coming eternity will doubtless display changes 
and revolutions far surpassing in grandeur all the 
events which have happened during the myriads 
of ages which have already passed, and which 
will excite the astonishment and adoration of an 
admiring universe.—Even in an intellectual and 
political point of view, the nations are making 
progress toward perfection, ‘Old things are 
passing away,” and new scenes of improvement 
are gradually unfolding. ‘The state of society, in 
the island in which we dwell, 2000 years ago, pre- 
sents nearly as great a contrast to what is now, 
as the chaotic state of our globe exhibited before 
it was reduced to the beauty and order in which 
we now behold it.—In short, everything we con- 
template in the scene around us is progressive; 
the faculties e human mind, and the corpo- 
real powers from infancy to manhood—the growth 
of all the animal and vegetable races—the im- 
provements of art, and the discoveries of science 
education, civilization, and political economy 
—the cultivation of the earth, the mode of travel- 
ing by sea and land, and hundreds of other objects 
and movements demonstrate that progression is a 
taw which pervades both the intellectual and the 
corporeal universe;—and, in the future world, the 
sxpansion of the human faculties, and the pro- 

ress of the mind from one scene of material and 
intellectual grandeur to another, will form one 





portion of the happiness of renovated spirits: and 
as such a progression will never cease, their feli- 
city will be of perpetual duration; for, if a finite 
spirit were to stop short in its excursions, or to 
arrive at a boundary where it could proceed no 
farther—from that moment its happiness would 
begin to diminish, and misery, to a certain ex- 
tent, would infallibly ensue. 

Ihave only to add, that whatever may be af- 
firmed respecting the antiquity of the materials 
of which the earth is composed, it. is admitted 
by every Geologist, that our globe, as to its pre- 
sent state and arrangement, has been eomparative- 
ly of short duration. All the physical monu- 
ments which exist, and the progressive changes 


which have happened in the strata of the earth, as” 
well as historical monuments, and the concurrent 


tradition of many nations, bear witness to this 
truth, that the first appearance of man upon the 
face of the globe cannot be referred to a period 
farther back than five or six thousand years from 
the present time. 

Had the limits assigned to the present article 
permitted, I might have introduced some remarks 
on the 2d verse of the lst chapter of Genesis, 
«The earth was without form and void,’’ etc., or 
as it has sometimes been translated—“A fterward 
the earth became waste and desolate’’—which ex- 
pressions evidently imply that, at the period here 
alluded to, the substance or materials of the 
globe did exist; for we are told that the earth 
“was,” or “had become,” desolate or waste, pre- 
vious to the arrangements which are subsequently 
described. 

How long it had continued in this state, or in 
any of its previous states—whether a year, a cen- 
tury, or thousands of years, we are not informed, 
nor is there any expression in scripture which de- 
termines this, so that we are left at full liberty to 
carry our views on this point as far back into the 
ages of past duration as the facts connected with 
the structure of our globe may warrant, without 
controverting any position contained in the Sacred 
Oracles.—I might likewise have shown that the 
sunand stars must have been brought into exis- 
tence before the period called the “fourth day,” 
at which time they were appointed “to rule the 
day, and to be for signs and seasons, and for days 
and years’’—and that the Creator, either through 
the medium of physical causes, or by a direct in- 
terposition of his power, produced the effects de- 
scribed in the Sa Narrative—such as the sepa- 
ration of the 1 from the dry land—in the 
periods of time there specified. But the proof 
and illustration ‘of such positions would occupy 
too much space in the present work.* 

On the whole, the subject of Geology forms an 
interesting and instructive study both tu the phi- 
losopher and to the Christian. When we take a 
survey of the august objects which diversify the 
surface of our globe; when we enter the wild and 
romantic scene of a mountainous country, or de- 
scend into the subterraneous regions of the e 
we are everywhere struck with the ve 
operations carried on by the powers of 
upon a scale of prodigious magnitude, i 
the exertion of forces, the stupendous na 
which astonishes and overpowers the mind? We 
seem as if standing on the ruins, and contempla- 
ting the vestiges of a former world. We behold 












* For a further illustration of some of these topics, the 
author respectfully refers the reader to a Lecture, lately pub- 
lished, entitled ‘ Discoveries of Modern Geology not incon- 
sistent with Revelation”—being the 6th of a series of Lee- 


tures to Young Men, delivered in Broughton Place Church, 


Edinburgh, in March, 1842, 
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“hills” which “have melted like wax at the pre- 
sence of the Lord,’ and mountains’ which 
“have been carried into the midst of the sea.’ 
We behold rocks of enormous size, which have 
been rent from their foundations, and rolled from 
oné continent to another—the most solid strata of 
the earth bent under the action of some tremen- 
dous power, and dispersed in fragments through- 
out the surrounding regions. We behold the 


© summits of lofty mountains, over which the 


ocean had rolled its mighty blllows—confounding 
lands and seas in one universal devastation — 
transporting plants and forests from one quarter 
of the world to another, and spreading universal 
destruction’ among the inhabitants of the waters 
and the earth. Contemplating such scenes of 
grandeur, we perceive the force and sublimity of 
those descriptions of the Deity contained in the 
volume of inspiration. “The Lord reigneth; he 
is clothed with majesty; in his hand are the deep 
places of the earth, the strength of hills is his 
also. He removeth the mountains and they know 
not; he overturneth them in his anger; he shaketh 
the earth out of her place, and the pillars thereof 
tremble. At his presence the earth shook and 
trembled; the foundations also of the hills moved 
and were shaken. He covereth the earth with 
the deep as with a garment, the waters stood 
above the mountains. At his rebuke they fled; 
at the voice of his thunders they hastened “— 
But, amidst all the revolutions and catastrophe: 
that have taken place in the constitution of our 
globe, ‘there is the clearest evidence of an All- 
wise and superintending Providence directing 
every event. Amidst the convulsions which have 
rent its strata—that have “ carried hills into the 
midst of the seas’’—and raised mountains from 
the bottom of the ocean—these are striking indi- 
cations of Divine Benevolence in preparing our 
world for the comfort and accommodations 
its inhabitants now enjoy. ‘The facts disclosed by 
geological investigation tend to enlarge our con- 
ceptions of the attributes of the Divinity, and of 
the sublimity of his plans and arrangements in 
the universe; and to demonstrate that his crea- 
ting power has been repeatedly exercised during 
countless ages, in calling into existence numerous 
orders of beings, and in carrying forward his 
arrangements to a glorious consummation. 


ASTR OW OMY . 







Another science which stands in an intimate 
relation to religion, is Astrono 
This sublime science teaches us the magnitudes 
and distances of the heavenly bodies, their ar- 
rangement, their various motions and phenomena. 
and the laws by which their movements are regu- 
lated. It presents to our view objects the most 
wonderful and sublime; whether we consider the 
vast magnitude of the bodies about which it is 
vonversant—their immense number—the velocity 
of their motions—the astonishing forces requisite 
to impel them in their rapid career through the 
restog of the sky—the vast spaces which sur- 
d them, and in which they perform their 
revolutions—the magnificent circles they describe 
—the splendor of their appearance—or the impor- 
tant ends they are destined to serve in the grand 
system of the universe. Having adverted to this 
subject, when illustrating the Omnipotence of the 
Deity, I shall here simply state a few additional 
facts with respect to the general appearance of 
the heavens, the bodies which compose the plane- 
tary system, and the discoveries which have been 
made in the region of the stars. 
When we lift our eyes toward the sky, we per- 






|appear every succeeding day t 





ceive an apparent hollow hemisphere, placed af 
an indefinite distance, and surrounding the earth 
on every hand. In the day-time, the principal 
object which, appears in this hemisphere is the 


lsun. In the morning, we sce him rise above the 


distant mountains, or from the extremity of the 
ocean: he gradually ascends the vault of heaven, 
and then declines-and disappears in the opposite 
quarter of the sky. In the northern parts of the 
globe, where we reside, if, about the 21st of 
March, we place ourselves on an open plain, with 
our face toward the south, the sun will appear to 
rise on our left, or due east, about six in the 
morning, and about the same hour in the evening 
he will set due west. In the month of June, he 
rises to our left, but somewhat behind us, ina 
direction toward the north-east, ascends to a 
greater hight at noon than in the month of 
March, and, after describing a large are of the 
heavens, sets on our right and still behind us, in 
the north-western quarter of the sky. In the 
month of December, if we stand in the same po- 
sition, we may observe, without turning our- 
selves, both his rising and setting. He rises in 
the south-east, ascends to a small elevation at 
noon, and sets in the south-west, after having de- 
scribed a very small are of the heavens. Every 
day he appears to move a little ‘toward the. east, 
or contrary to his apparent diurnal motion; for 
the stars which are seen to the tward of him, 
ake a nearer 
approach to the place in.which he is seen. All 
the variety of these successivé changes is ac- 
complished within the period of 365 days 6 hours, 
in which time he: appears to have made a com- 
plete revolution around the heavens from west to 
east. 

The moon is the next object in the heavens 
which naturally attracts our attention; and she is 
found to go through similar variations in the 
course of amonth. When she first becomes visi- 
ble at new moon, she appears in the western part 
of the heavens, in the form of a crescent, not far 
from the setting sun. Every night she increases 
in size, and removes to a greater distance from the 
sun, until at last she appears in the eastern part 
of the horizon, just as the sun disappears in the 
western; at which time she presents a round full- 
enlightened face. After this she gradually moves 
farther and farther eastward, and her enlightened 
part gradually detreases, until at last she seems to 
approach the sun as nearly in the east as she did 
in the west, and rises only a little before him in 
the morning, in the form of a ecrescent.. All 
these different changes may be traced, by attend- 
ing to her apparent positions, from time to time, 
with respect to the fixed stars. 

A dark shadow is occasionally scen to move 
across the face of the moon, which obscures her 
light, and gives her the appearance of tarnished 
copper. Sometimes this shadow covers only a 
small portion of her surface; at other times it 
covers the whole of her dise for an hour or two, 
and its margin always appears re figure of a 
segment of a circle. This non, which 
happens, at an average, about twice every year, 
is termed an eclipse of the moon. It is produced 
by the shadow of the earth falling upon the 
moon, whe e sun, the earth, and the moon are 
nearly in a straight line; and can happen only at 
the time of full moon. Sometimes the moon ap- 
pears to pass across the body of the sun; when 
her dark side is turned toward the earth, covering 
his disc either in whole or in part, and intercept- 
ing his rays from a certain portion of the earth. 
This is called an eclipse of the sun, and can hap- 
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pen only at the time of new moon. In a. total 
eclipse of the sun, which seldom happens, the 
darkness is so striking, that some of the planets 
and sometimes the larger stars are seen, and the 
inferior animals appear struck with terror. 
Again, if on a winter’s evening, about six 
o’clock, we direct our view to the eastern quarter 
of the sky, we shall perceive certain stars just 
risen above the horizon;.if we view the same stars 
about midnight, we shall find them at a conside- 
rable elevation in the south, having apparently 
moved over a space equal to one-half of the whole 
hemisphere. On the next morning, about six 
o’clock, the same stars will be seen setting in the 
western part of the sky. If we turn our eyes 
toward the north, we shall perceive a similar mo- 
tion in these twinkling orbs; but with this diffe- 
rence, that a very considerable number of them 
neither rise nor set, but seem to move round an 
immovable point, called the north pole. Near 
this point is placed the pole star, which seems to 
have little or no apparent motion, and which, in 







29 degrees), until] it meet the first bright star, that 
star is the Pole star, which is here represented at 
the higher part of the figure. Were the same 
observation made about the middle of April, at 
10 o’clock in the evening, the Great Bear will ap- 
pear almost directly over our heads, above the Pole 
star, and then we must conceive the line connect- 


the Pole star. . At different times of the night, 
and at different periods of the year, the Great 
Bear will appear to be in different positions with 
respect to the Pole star, sometimes’ below, some- 
times above, and at other times to the east or the 
west of it. But in all positions, a line drawn 
through the Pointers will always direct the eye to 
the Pole star. - 

A person who has directed his attention to the 
heavens for the first time, after having made such 
observations, will naturally inquire — Whence 
come those stars which begin to appear in the 
east? Whither have those gone which have dis- 
appeared in the west? and, What becomes, du- 
ring the day, of the stars which are seen in the 
night?—It will soon occur to a rational observer, 
who is convinced of the roundness of the earth, 
that the stars which rise above the eastern hori- 
zon come from another hemisphere, which we are 


Vout. II.—6 










Fig. 





79 


our latitude, appears elevated’ a little more than 
half way between the nobihiorn part of our hori- 
zon and the zenith, or point above our heads. 

The following cut, which represents the princi- 
pal stars in the constellations Ursa Major and 
Ursa Minor, will ble the reader to recognize 
the Pole star, by attending to the following direc- 
tions. The seven stars in the lower part of the 
figure represent Ursa Major, or the Great Bear, 
sometimes known by the names of the Plow and 
Charles’s Wain. ‘The stars on the upper part re- 
present Ursa Minor, or the Little Bear, the largest 
star of which, on the right hand side, is the Pole 
star. About the beginning of November, at 6 or 
7 o’clock in the evening, the Great Bear will ap- 
pear neur the north, at a low elevation above the 
horizon, and nearly in the position here repre- 
sented. The two stars on the right hand side of 
the Great Bear are called the Pointers, and are 
distant from each other about 5 degrees. If a 
line connecting these stars be considered as pro- 
longed upward to a considerable distance (about 


20. * 


apt to imagine below us, and when they set, re- 
turn to that hemispherevagain; and-that the rea- 
re not seep in the day-time, is 
e absent from our hemisphere, 
shine, but because their light is 
obscured by the more vivid splendor of the sun.* 





ing the two Pointers as drawn downward toward 7 i 


* This is put beyond all doubt by the invention of the tele- 
scope; by which instrament, adapted to an equatorial mn- 
tion, we are enabled to seé many of the stars even at noon- 
day. The author of this work, in 1812 and 1813, made a 
number of observations by means of an Equatorial Tele- 
scope, to determine the following particulars:—What stars 
and planets may be conveniently seen in the day-time, when 
the sun is above the horizon?—what degrees of \enifying 
power are requisite for distinguishing them?—ho ear their 
conjunction with the sun they may be seen?—and, whether 
the diminution of the aperture of the telescope, or the in- 
crease of magnifying power, conduces most to render a star 
or planet visible in day-light? ‘The results of several hun- 
dreds of observations on these points, accompanied with 
some original deductions and remarks, are inserted in Nich 
olson’s Philosophical Journal, for October 1813, vol. xxxvi, 
pp. 109-128. The following are some of the results which 
were deduced from the observations:—That a star of the first 
magnitude may be distinguished, at any time of the day, 
with a magnifying power of 30 times, but that a higher mag- 
nifying power is preferable—That most of the stars of the 
second magnitude may be seen with a power of 100; and 
with a power of 60 times, when the sun is not much more 
than two hours above the horizon—That the planet Jupiter, 
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From such observations we are led to conclude,’ 
that the globe on which we tread is suspended in 
empty space—is surrounded on all sides by the 
celestial vault—and that the whole sphere of the 


heavens has an apparent motion round the earth | 


every twenty-four hours. hether this motion 
be real, or only apparent, must he determined by 
other considerations. 

Such general views of the nocturnal heavens} 
which every common observer may take, have a 
tendency to expand the mind, and to elevate. it to 
the contemplation of an Invisible Power, by which 
such mighty movements are conducted. Whether 
we consider the vast concave, with all its radiant 
orbs, moving, in majestic grandeur around our 
globe, or the earth itself whirling round its inhab- 
itants in an opposite direction—an idea of sub- 
limity, and of almighty energy, irresistibly forces 
itself upon the mind, which throws completely, 
into the shade the mightiest efforts of human 
power. The most powerful mechanical engines 
that were ever consfructed by the agency of man 
can scarcely afford us the least assistance in form- 
ing a conception of that incomprehensible Power, 
which, with unceasing energy, communicates mo- 
tion to revolving worlds. And yet, such is the 
apathy with which the heavens are viewed by the 


greater part of mankind, that there are thousands 
who have occasionally gazed at the stars\for the 
space of fifty years, who are still, ignordnt‘of the: 


fact, that they perform an apparent. diurnal revo 
lution round our globe. | Ri eg ne La 
Again, if we contemplate, the heavens ‘with 
some attention, for a number of successive nights, 
we shall find, that by far the: greater part of the 
stars never vary their positions with respect to 
each other. If we observe two stars at, a certain 
apparent distance from each other, either north or 
south, or in any other direction, they. will appear 
at the same distance, and in the same relative po- 
sition to each other, the next evening, the next 
month, and the next year. The stars, for in- 
stance, which form the sword and belt of Orion, 
present to our eye the same figure and relative as- 
pect, during the whole period they are visible in 


winter, and from one year to another; and the 


same is the case with all thé fixed stars in the 
firmament. On examining the sky a little more 
minutely, however, “we perceive certain bodies 
which regularly shift their positions. Sometimes 





when not within 30 or 40 degrees ofithe, sun, may be scen 
with a power of 15 times; and that Venus may, in most in- 
stances, be seen with a power of 7 to 100 times, and 
upward—That Jupiter can scarcely be distinguished in the 
day-time, when within 26 degrees of the sun; but that Ve- 
aus may be distinctly perceived near her superior conjunc- 
tion, when only 1 degree and 27 minutes from the sun’s mar- 
gin: and consequently may be visible at the time of that 
conjunction, when her geocentric latitude equals or exceeds 
1 degree 43 minutel—-That she may be perceived like a fine 
slender crescent, within 35 hours after passing her inferior 
conjunction, ete. One practical purpose to which such ob- 
servations on Venns, at the time Of her superior conjunction, 
may be applied, is to determing the difference (if any) be- 
tween her polar and eqnaté ial ¢ e For it is only at 
that conjunction that ae pies 0 arth a full enlight- 
ened hemisphere; and in no other pos can the measure 
~ of both diameters be taken, éxcept wiiem she makes atransit 
across the sun’s dise. As the earth," ts, Jupiter, and Sa- 
turn, are found to be spherdi ii is highly probable that Ve- 
nus is of a similar figure; rm Mis point has never yet been 
ascertained by actual observation. See also the Edinburgh 
Philosophical Journal, No, 'V,‘for July 1820, p. 191; and No. 
XUTL, for July 1822—The ‘Seots’ Magazine, for Feb. 1814, 
p. 84—Monthly Magazine; Peb. 1814, and August 1820, p. 
62—Brewster’s Ferguson Astronomy, 2d edition, vol.” ii, 














p, 111.—On M 2 a ee the author saw Venus about 12 
o’clock noon, when only 19 21’ distant from the sun’s eastern 
limb, with a feet achromatic telescope, magnifying 95 


times—the aperture of the object glass being constructed to 
146 inches. 0" r me 
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they appear to move toward the east, sometimes 
toward the west, and at other times seem to re- 
main in a stationary position. These bodies have 
obtained the name of planets, or wandering stars; 
and in our latitude are most frequently ‘seen, 
either in the eastern and western, or in the south- 
ern parts of the heavens. Ten of these planetary 
orbs have been discovered: six of which are, for 
the most part, invisible to the naked eye. By a 
careful examination of the motions of these bo- 
dies, and their different aspects, astronomers have 
determined that they all move round the sun as 
the center of their motions, and form, along with’ 
the earth and several smaller globes, one grand 
and harmonious system. This assemblage of 
planetary bodies, is generally termed the Solar 
system, of which I shall now exhibit a brief 
outline. 


THE SOLAR SYSTEM. 


Of this system, the Sun is the center and the 
animating principle, and by far, the largest body 
that exists within its limits. The first thing that 


| strikes the mind when contemplating this glorious 


orb, is its astonishing magnitude. This vast globe 


‘is found to be about 880,000 miles in diameter, 
and consequently contains a mass of matter equal 


‘to thirteen hundred ent globes of the size of 


ral parts placed adjacent 


the earth. -Were its 
earth, its circumference 


io the surface of th 


would reach two hundred thousand miles beyond 


the moon’s orbit, on every side, filling a cubical 
space of 356,818,739,200,000,000 miles. If it 
would require 18,000 years to traverse every 
square mile on the earth’s surface, at the rate of 
30 miles a-day,* it would require more than two 
hundred millions of years ty pass over every por- 
tion ‘of the sun’s surface, at the same rate. Even 
at the rate of 90 miles a-day, it would require 
more than 80 years to go round its circumference. 
Of a. body so vast in its dimensions, the human 
mind, with all its efforts, can form no adequate 
It appears an extensive universe in 
itself; and although no other body existed within 
the range of infinite space, this globe alone would 
afford a powerful demonstration of the Omnipo- 
tence of the Creator. Were the sun a hollow 
sphere, surrounded by an external shell and a lu- 
minous atmosphere; were this shell perforated 
with several hundreds of openings into the inter- 
nal parts; were a globe as large as the earth placed 
at its center, and another globe as large as the 
moon, and at the same distance from the center 
as the moon is from us, to revolve round the cen- 
tral globe,—it would present to the view a uni- 
verso as splendid and glorious.as that which now 
appears to the vulgar eye—a universe as large and 
extensive as the whole creation was conceived to 
be by our ancestors, in the infancy of astronomy. 
And who can tell, but that the Almighty Being, 
who has not left.a drop of water in a stagnant poo! 
without its inhabitants, has arranged a number of 
worlds within the capacious circuit of the sun, and 
peopled them with intelligent beings in the first 
stages of their existence, to rema Miere for a 
certain period, until they be prepated for being 
transported to a more expansive sphere of exist- 
ence! It is easy to conceive that enjoyments as 
exquisite, and a range of thought as ample, as 
have ever yet been experienced by the majority of 
the inhabitants of our world, might be afforded to 
myriads of beings thus placed at the center of 
this magnificent luminary. This supposition is 
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* See p. 18. 
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at least as probable as that of the celebrated Sir 
W. Herschel, who supposed that the exterior sur- 
face of the sun was peopled with inhabitants. For 
if this were the. case, the range of view of these | 
inhabitants would be confined within the limits of 
two or three hundred miles, and no celestial body, 
but an immense blaze of light would be visible 
in their hemisphere. Such is the variety which 
appears among the works of God, and such is the 
diversity of situations in which sensitive beings 
are placed, that we dare not pronounce it impossi- 
ble that both these suppositions may be realized. 
Though the sun seems to perform a daily cir- 
cuit around our globe, he may be said, in. this re- 
- spect, to be fixed and immovable. This motion 
is not real, but only apparent, and is owing to the 
globe on which we are placed moving round its 





axis from west to east; just/as the objects on the 
bank of a river.seem to move in a contrary direc- 
tion, when we are sailing along its stream ina 
steamboat. The only motion which is found to 
exist in the sun isa motion of rotation, like that of 
a globe or ball twirled round a pivot or axis, which 
is performed in the space of twenty-five days and 
ten hours. This motion has been ascertained by 
means of a variety of dark spots which are dis- 
covered by the telescope on the sun’s dise; which 
first appear on his eastern limb, and after a period 
of about thirteen days, disappear on his western, 
and after a similar period reappear on his eastern. 
edge. These spots are various, both in number, | 
in magnitude, and in shape: sometimes. forty or 
fifty, and sometimes only one or two, are visible, 
and at other times the sun. appears entirely with- 
out spots. Most of them have a very dark nu- 
cleus, or central part, surrounded by an umbra, or 
fainter shade., Some of the spots are as large as 
_would cover the whole continent of Europe; Asia, 
and Africa, others have been observed of the size 
of the whole surface of the earth; and one was 
seen, in the year 1779, which was computed to 
be more than fifty thousand miles in diameter. 

With regard to the nature of this globe—it ap- 
pears highly probable, from the observations of 
Sir W. Herschel, that the sun is a solid and opaque 
body, surrounded with luminous’ clouds which 
float in the solar atmosphere, and that the dark 
nucleus of the spots is the opaque body of the sun 
appearing through occasional openings in this 
atmosphere. The hight of the atmosphere he 
computes to be not less than 1843, nor more than 
2755 miles, consisting of two regions; that near- 
est the sun being opaque, and probably resembling 
the clouds of our earth: the outermost emitting 
vast quantities of light, and forming the apparent 
luminous globe-we behold. 

The sun is the grand source of light and heat, 
both to the earth and to all the other planetary 
hodies. ‘The heat he diffuses animates every part 
of our sublunary system, and aJl that variety of 
coloring which adorns the terrestrial landscape is 
produced by his rays. It has been lately discov- 
ered that the rays of light and the rays of heat, 

_ or caloric, are distinct from each other; for it can 
be demonstrated, that some rays from the sun 
produce heat, which have no power of communi- 
cating light or color. The greatest heat is found 
in the red rays, the least in the violet rays; and in 
a space beyond the red rays, where there is no 
light, the temperature is greatest. The rays of 
the sun have also been found to produce different 
chemical effects. .The white muriate of silver is 
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tinguished in the vicinity of the violet. The solai 


light, therefore, consists’ of three different orders 


of rays, one producing color, a second producing 
heat, anda third chemical effects. Euler has com- 
puted that the light of the sun is equal to 6500 
candles at a foot distance, while the moon would 
be as one candle at 74 feet; Venus at 421 feet; 
and Jupiter at 1320 feet.—That this immense lu- 
minary appears so small to our eyes is owing to 
its vast distance, which is no less than ninety-five 
millions of miles. Some faint idea of this dis- 
tance may be obtained, by considering that a 
steamboat, moving at the rate of 200 miles a-day, 
would require thirteen hundred years before it 
could traverse the space which intervenes between 
us and the sun. fee at 


“ Hail, sacred source of inexhausted light! ; 
Prodigious instance of creating might. x 
His distance man’s imagination foils; 

Numbers will scarce avail to count the miles. 
As swift as thought he darts his radiance round 
To distant worlds, his pystone® utmost bound.” 


~The planet Mrrcury.—Mercury is the nearest 
planet’ to the sun that has yet been discovered.— 
He is about 37, millions of miles distant from. the 
sun, and-revolves around him in 88 days. His 
diameter is about 3200 miles. Before the disco- 
very of the four new’ planets, Ceres, Pallas, Juno, 
and Vesta; in the beginning of the present cen- 
tury, this globe was considered.as the smallest 
| primary planet in the system. His surface, how- 
ever, contains aboye 32 millions of square miles, 
which is not much less than all the habitable parts 
of our globe. ‘On account of his nearness to the 
sun‘he is seldom seen by the naked eye; being 
always near that quarter of the heavens where 
the sun appears; and therefore few discoveries 
have been inade on his surface by the teleseope. 
M. Schroeter concludes, from certain observa- 
‘tions, that this planet revolves round its axis in 
twenty-four hours and five minutes. The sun 
will appear to an. inhabitant of Mereury seven 
times larger than to an inhabitant of the earth: 
and if the degree of heat be in proportion to a 
planet’s nearness to the sun, the heat in this pla- 
net will be seven times greater than on the sur- 
face of our globe; and consequently, were the 
earth placed in the same position, all the water on 
its surface would boil, and soon be turned into 
vapor. But the All-wise Creator has doubtless 
attempered the surface of that globe, and the con- 
istitution of the beings that may occupy it, to the 
situation in which they are placed.* 

VENUS, the next planet in order from the sun, 


\ 





* From a variety of facts which have been observed in re- 
lation to the production of Calorte, it does not appear probat 
ble that the degree of heat on the surfaces of the differen- 
planets is inversely proportional to the squares of their re- 
spective distances from the sun. It is more probable that it 
depends chiefly on the distribution of the swhstance of ea- 
loric on the surfaces and throughout the atmospheres of 
these bodies—in different quantities, according to the diffe- 
rent situations they occupy in the Solar system; and that 
these different quantities of caloric are put into action by 
the influence of the solar rays, so as to produce that degree 
of sensible heat requisite for each respective planetary globe. 


ty of facts and experiments—there may be no more sensible 
heat felt on the surface of the planet Mercury than on the 
surface of Uranus, although one of these bodies is nearly 50 
times nearer the sun than'the other. We have only to sup- 
pose that a\small quantity of caloric exists in Mercury and 
a larger quantity in Uranus, proportionate to the distance 
from the, center of the system, On this ground, we haye no 
reason to believe either that the planets nearest the sun are 
parched with excessive heat, or that those that are most dis- 





blackened in the violet ray in the space of fifteen 
seconds, though the red will not produce the same 
effect in less than twenty minutes. Phosphorus 
is kindled in the vicinity of the red ray, and ex- 


tant are exposed to all the rigors of insufferable cold, or that 
the different degrees of temperature which may be found in 
these bodies render them unfit for being the abodes of sen- 
sitive and intellectual beings. 


On this hypothesis—which is corroborated by a great varie- 
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revolves around him in 224 days, at the distance 


of 68 millions of miles: its diameter is about 
seven thousand seven hundred miles, or nearly the 
size of the earth; and it turns round its axis in 
the space of 23 hours and 20 minutes. ‘This pla- 
net is the most brilliant orb which appears in our 
nocturnal heavens, and is usually distinguished by 
the name of the morning and evening star.— 
When it approaches nearest to the earth, it. is 
about 27 millions of miles distant; and, at its 
greatest distance, it is no less than 163 millions 
of miles from the earth. Were the whole of its 
enlightened surface turned toward the earth when 
it is nearest, it would at a light and brilliancy 
twenty-five times greater than it generally does, 
and appear like a smull brilliant moon; but at 
that time its dark hemisphere is turned toward 
our globe. Both Venus and Mercury, when 
viewed by a telescope, appear to pass successively 
through all the shapes and appearances of the 
moon; sometimes assuming a gibbous phase, and 
at other times the form of a half moon, or that of 
a crescent; which proves that they are dark bodies 
in themselves, and derive their light from the sun. 
The most distinct and beautiful views of Venus, 
especially when it appears as a crescent, are to be 
obtained in the day-time, by means of an equato- 
rial telescope.— From a variety of observations 
which the author has made with this instrument, 
it has been found that Venus may be seen every 
clear day, without interruption, during a period 
of 583 days, with the occasional exception of thir- 
teerf days in one case and only three days in an- 
ather—circumstances which cannot ‘be affirmed 
of any other celestial body, the sun only except- 
ed.* M. Schroeter affirms that he has discovered 
mountains on the surface of this globe, one of 
which is 10, another 11, and a third 22 miles high. 
It appears also to be. encompassed with an atmo- 
sphere, the densest part of which is about 16,000 
feet high. About twice in the course of a centu- 
_ ry this planet appears to pass, like a dark spot, 
cross the sun’s disc. This is termed the transit 
of Venus. The last transit happened June 3, 
1769; the next will happen on December 8, 1874, 
which will be invisible in Europe. Another will 
happen on the 6th December, 1882, which will be 
partly visible in Great Britain. 
The Eanrn is the next planet in the system.— 
It moves round the sun in 365 days 5 hours and 





*See Edin. Phil. Journ., No. V, July 1820, and No. XIII, 
July 1822.—I have found from observation that this planet 
may be seen in the day-time, when only 1° 21/ from the 
sun’s center; and consequently, when its geocentric latitude 
at the time of the superior conjunction exceeds that quanti- 
‘ty, it may be distinctly seen during the whole period of 583 
days, excepting about 35 hours before and after its inferior 
conjunction.—It is well known to astronomers that there has 
been a difference of opinion with respect to the period of the 
rotation of this planet, Cassini, from observations ona bright 
spot which advanced 20 degrees in 24 hours 34 minutes, de- 
termined the time of i Petion to be 23 hours and 20 min- 
utes. On the other han: pefanchini, from similar observa- 
vations, concluded that its diurnal period was 24 days and 8 
hours. The difficulty of deciding between these two opin- 
ions arises from the short time in which observations can be 
made in this planet, either before sunrise or after sunset, 
which prevents us from tracing with accuracy the progres- 
sive motion of its spots for a sufficient length of time. And 
although an observer should mark the position of the spots, 
at the same hour, on two succeeding evenings, and find they 
had moved forward about 20 degrees in 24 hours, he would 
still be at a, loss to determine whether they had moved 20 
degrees in all, since the preceding observation, or had finish- 
ed a revolution, and 20 degrees more.—In Nicholson’s Phi- 
losophical Journal, vol. xxxvi, I endeavored to show how 
this point may be determined by observations made on Ve- 
nus in the day-time, by which, in certain cases, the progres- 
sive motion of its spots might be traced, without interrup- 
tion for 12 hours or more, which would coinpletely settle the 
period of rotation. : 


‘their primaries, and the planets which 
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49 minutes, at the distance of 95 millions of miles, 
and round its axis in 23. ho inutes 4 se- 
conds. The former is called its annual, and the 
latter its diurnal motion. ‘That the earth is, in 
reality, a moving body, is a fact which ean no 
longer be called in question; it is indeed suscepti- 
ble of the clearest demonstration. But my limits 
will not permit to enter into a detail of the argu- 
ments by which it is supported. I have already 
adverted to one consideration, from which its di- 
urnal rotation may be inferred.* Hither the 
earth moves round its axis every day, or the tape * 
universe moves round it in the same time. To 
suppose the latter case to be the fact would is 
volve a reflection on the-wisdom of its Almigh' Yy 
Author, and would form the only exception that 
we know to that beautiful proportion, harmony, 
and simplicity, which appeariin all the works of 
Nature. Were it possible to construct a maé¢hine 
as large as the city of London, and apply to it 
mechanical powers sufficient to make it revolve on 
an axis, so as°to carry round a furnace for the 
purpose of roasting a joint of mutton, suspended 
in the center of its motion—while we might ad- 
mire the.ingenuity and the energies displayed in 
its. construction— all mankind would unite in 
condemning it as a display of consummate folly. 
But such an extravagant piece of machinery 
would not be half so terous as to suppose, 
that the vast universe is daily revolving around 
our little globe, and that all the planetary motions 
have an immediate respect to it. And shall we, 
dare ascribe to. Him who is “the only wise God,” 
contrivances which we would pronounce to be 
the perfection of folly in mankind? It is record- 
ed of the astronomer Alphonsus, king of Castile, 
who lived in the 13th century, that, after having 
studied the Ptolemaic system, which supposes the 
earth at rest in the center of the universe, he ut- 
tered the following impious sentence: “If [ had 
been of God’s privy council when he made the 
world, I would have advised him better.?? So 
that false conceptions of the System of Nature 
lead to erroneous notions of that ‘adorable Being 
who is possessed of Infinite Perfection—We find 
that bodies much larger than the earth havea 
similar rotation. The planet Jupiter, a globe 
295,000 miles in cireumference, moves round its 
axis in less than ten hours; and all the other 
planetary bodies, on which spots have been dis- 
covered, are found to have a diurnal motion. Be- 
side, it is found to be a universal law of nature. 
that smaller globes revolve around larger; but 
there is no example in the universe, of a larger 
body revolving around a smaller. The moon re- 
volves around the earth, but she is much smallez 
than the earth; the moons which move around 
Jupiter, Saturn, and Herschel, are all less than 
rform 


their revolutions around the sun are m h less 


than that central luminary. ‘ 

With regard \to the annual revolution of the 
earth,—if such a motion did not exist, the plane- 
tary system would present a scene of inextricable 
confusion. The planets would sometimes move 
backward, sometimes forward, and at other times 
remain stationary; and would describe looped 
curves, so anomalous and confused, that no man 
in his senses could view the All-wise Creator as 
the author of so much confusion. But, by con- | 
sidering the earth as revolving in an orbit between 
Venus and Mars (which all celestial observations 
completely demonstrate), all the apparent irregu- 
larities of the planetary motions are completely 


See p. 22; 3 P 
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solved and ace: for; and the Solar System 
presents a scene, of beauty, harmony, and gran 
deur, combined with a simplicity of design, which 
characterizes all the works of Omnipotence. 

--The Moon.—Next to the sun, the moon iis to 
us the most interesting of all the celestial orbs.— 
She is the constant attendant of the earth, and 
revolves around it in 27 days 8 hours; but the 
period from one new or full:moon to another, is 
about 29 days 12 hours. She is the nearest of all 
the heavenly bodies; being only about two hun- 
‘dred and forty thousand miles distant from the 
earth. She is much smaller than the earth; being 
only 2180 miles in diameter. Her surface, when 
viewed with a. telescope, presents an interesting 
and a variegated aspect; being diversified with 
mountains, valleys, rocks, and plains, in every, 
variety of form and position. Some of these 
mountains form long and elevated ridges, resem- 
bling the chains of the Alps and the Andes; while 
others, of a-conical form, rise to a great hight, 
from the middle of level plains, somewhat re- 
sembling the Peak of Teneriffe. But the most 
singular feature of the moon is, those circular 
ridges and cavities which diversify every portion 
of her surface. A range of mountains of a cir+ 
cular form, rising three or four miles above the 
level of the adjacent districts, surrounds, like a 


* 

of alarge city with gas-light, might present simi- 
lar appearances to a spectator in the moon.—The 
bright spots on the moon are the mountainous 
regions: the dark spots are. the plains, or more 
level parts of the surface. There may probably 
be rivers or small lakes on this planet; but there 
are no seas or large collections of water. It ap- 
pears highly probable, from the observations of 
Schroeter, that the moon is encompassed with an 
atmosphere: but no clouds, rain; orsnow, seem to 
‘exist init. The illuminating power of the light 
derived from the moon, according to the experi- 
ments made by professor Leslie, is about ‘the 
one hundred and fifty thousandth part of the illu- 
minating power of the sun. According to the 
experiments of M. Bouguer, it is only as 1 to 
300,000. 

The moon always presents the same face to us, 
which proves, that she revolves round her axis in 
the same time that she revolves round the earth. 
As this orb derives its hight from the sun, and re- 
flects a portion of it upon the earth, so the earth 
performs the same office to the moon. A spectator 
on the lunar surface would behold the earth like a 
luminous orb suspended in the vault of heaven, 
presenting a surface about 13 times larger than the 
moon does to us, and. appearing sometimes gib- 
bous, sometimes horned, and at other times with 
a round full face. The light which the earth 


middle of this plain or cavity, an insulated coni- | reflects upon the dark side of the moon may be 


mighty rampart, an rey plain; and, in the 


cal hill rises to a considerable elevation. Several 
hundreds of these circular plains, most of which 
are considerably below the level of the surround- 
ing country, may be perceived with a good tele- 
scope, on every region of the lunar-surface. They 
are of all dimensions, from two or three miles to 
forty miles in diameter; and, if they be adorned 
with verdure, they must present to the view of a 
spectator, placed among them, a more variegated, 
romantic, and sublime scenery than is to be found 
on the surface of our globe. An idea of some of 
these scenes may be acquired, by conceiving a 
plain of about a hundzed miles in circumference, 
encircled with a range. of mountains, of various 
forms, three miles in perpendicular hight, and 
having a mountain near the center, whose top 
reaches a mile anda half above the level of the 
plain. From the top ef. this central mountain,’ 
the whole plain, with all its variety of objects, 
would be distinctly visible; and’ the view would 
appear to be bounded on all sides by a lofty am- 
phitheater of mountains, in every diversity of 
shape, rearing their summits to the sky. From 
the summit of the circular ridge, the conical hill 
in the center, the opposite circular range, the 
plain below, and some of the adjacent plains, 
which encompass the exterior ridge of the moun- 
tains, would form another variety of view;—and 
a nig vericty, would be obtained from the vari- 
ous aspects of the central mountain, and the 
surrounding scenery as viewed from the plains 
below. 

The lunar mountains are of all sizes, from a 
turlong to five miles in perpendicular elevation. 
Certain luminous spots, which have been occa- 
sionally seen on the dark side of the moon, seem 
to demonstrate that fire exists in this planet. Sir 
W. Herschel, and several other astronomers, sup- 
pose that they are volcanoes ina state of eruption. 
It would be a more pleasing idea, and perhaps as 
nearly corresponding to fact, to suppose, that 
these phenomena are owing to some occasional 
splendid illuminations produced by the lunar in- 
habitants, during their long nights. Such ascene 


distinctly perceived by a common telescope, from 
two to six or eight days after the change—The 
lunar surface contains about. 15 millions of square 
miles, and is, therefore, capable of containing a 
population equal to that of our globe, allowing 
only about 53 inhabitants to every square mile. 
That this planet is inhabited by sensitive and in- 
telligent beings, there is every reason to conclude, 
from a consideration of the sublime scenery with 
which its surface is adorned, and of the general 
beneficence of the Creator, who appears to have 
left no large portion of his material creation with 
out animated existences; and it is highly probab 
that direct proofs of the moon’s being inhabit 
may hereafter be obtained, when all the varieties 
on her surface shall have been more minutely ex- 
plored.* r 

The planet Mars.—Next to the earth and moon, 
the planet Mars performs his revolution round the 
sun, in one year and ten months, at the distance 
of 145 millions of miles. His diameter is about 
4200 miles, and he is distinguished from all the 
other planets by his ruddy appearance, which is 
owing to a dense atmosphere with which he is en- 
vironed. With a good telescope, his surface ap- 
pears diversified with a varicty of spots; by the 
motion of which it is found, that he turns round 
his axis in 24 hours and 40 minutes. The incli- 
nation of his axis to the plane of his orbit being 
about 28° 42’, the days and nights, and the differ- 








as the burning of Moscow, the conflagration of 
an extensive forest, or the splendid illumination 


ent seasons in this planet, will bear a considerable 
resemblance to those we experience in our ter- 
restrial sphere.+ At his nearest approach to the 
earth, his distance from us is about 50 millions of 
miles; and, at his greatest distance, he is about 
940 millions of miles; so that in the former case 
he appears nearly 25 times larger than in the lat- 
ter. To a spectator in this planet, our earth will 
appear alternately, as a morning and evening 





* See Appendix, Note LV, 

+ 'Lhe inclination of the earth’s axis to the ecliptic, or, in 
other words, to the plane of its annual orbit is 23° 28’, 
which is the cause of the diversity of seasons, and of the 
different length of days and nights. Were the axis of the 
earth perpendicular to its orbit, as is the case with the planet 
Jupiter, there would be no diversity of seasons, 


Pin 
” ea 


star, elie voila! all the phases of the moon, 


just as Venus does to us, but with a less degree 
of apparent magnitude and splendor. \ A lumi- 
nous zone has been observed about the poles of 
Mars, which is subject to successive changes. 
Sir W. Herschel supposes that it is produced by 
the reflection of the sun’s light from his frozen 
regions, and that the melting of these masses of 
polar ice is the cause of the variation in its mag- 
nitude and appearance. This planet moves, in 
its orbit, at the rate of fifty-five thousand miles 
an hour. ’ 

- The New Praner etween the orbits of Mars 
and Jupiter, four tary bodies have been 
lately discovered, accompanied with circumstances 
somewhat different from those, of the other bodies 
which compose our system. They are named 
Geres, Pallas, Juno, Vesta. The planet Ceres was 
discovered at Palermo, in Sicily, by M. Piazzi, on 
the first day of the present century. It is of a 
ruddy color, and appears about the size of a star 
of the eighth magnitude, and is consequently in- 
visible to the naked eye. It performs its revolu- 
tion in 4 years and 7 months, at the distance of 
260 millions of miles from the sun, and is reck- 
oned by some astronomers to be about 1624 miles 
in diameter, or about half the diameter of Mercu- 
ry. It appears to, be surrounded with a large 
dense atmosphere.—Pallas was discovered the fol- 
lowing year, namely, on the 28th March, 1802, 
by Dr. Olbers, of Bremen. It is supposed to be 
about 2000 miles in diameter, or néarly the size 
of the moon. ' It revolves about. the sun in 4 
years and 7 months, or nearly in the same time 
as Ceres, at the distance of 266 millions of miles; 
and is surrounded with a nebulosity or atmos- 
phere above 400 miles in hight, similar to that of 
Ceres.—The planet Juno was discovered on the 
Ast September, 1804, by Mr. Harding, of Bremen. 
Its mean distance the sun is about 253 mil- 
ions of les; its revolution is completed in 4 
ars and 130 days, and its diameter is com- 
sd to be @bout 1425 miles. It is free from the 
ulosity which surrounds Pallas, and is’distin- 












~ guished ‘from all. the other planets by the great’ 


eccentricity of its or 


bit; being at its least distance 
from the sun only 1 


illions of miles, and at 
its greatest distance, 316 millions.—Vesta was 
discovered by Dr. Olbers on the 29th March, 1807. 
It appears like a star of the fifth or sixth magni- 
tude, and may sometimes be distinguished by the 
naked eye. Its light is more intense and white 
than any of the other three, and it is not sur- 
rounded with any nebulosity. It is distant from 
the sun about 225 millions of miles, and completes 
its revolutions in 3 years and 240 days, -Its 
dia 
but from the intensity of its light and other cir- 
cumstances, it is concluded, that it is not inferior 
in magnitude to eith llas or Juno. 

These planetary globes present to our view a 
variety of anomalies and singularities, which ap- 
pear incompatible with the regularity, proportion, 
and harmony, which were formerly supposed to 
characterize the arrangements of the Solar sys- 
tem.—They are bodies much smaller in size than 
the other planets—they revolve nearly at the same 
distances from the sun, and perform ‘their revolu- 
tions in nearly the same periods—their ‘orbits are 
much more eccentric, and have a much greater de- 
gree of inclination to the ecliptic, than those of the 
old planets—and, what is altogether singular (ex- 
cept in the case of comets), their orbits cross each 
other; so that there is a possibility that two of 
these bodies might happen to interfere, and to 
strike each other, in the course of their revolu- 
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has not yet been accurately ascertained; | 


\ 


|tions. The orbit of Ceres. the orbit of 
Pala. Vesta may sometimes | greater dis- 

nce from the sun than either Ceres, Pallas, or 
Juno, although its mean distance is less than that 
of either of them, by several millions of miles; 
so that the orbit of Vesta crosses the orbits of all 
the other three. From these and other circura- 
stances, it has, with a high degree of probability, 
been concluded—that these four planets are the 
fragments of a large celestial body which once re- 
volved between Mars and Jupiter, and which had 
been burst, asunder by some immense irruptive 
force. ‘This idea seems to have occurred to Dr 
Olbers, after he had discovered the planet Pallagy 
and he imagined that other fragments might pos- 
sibly exist. He concluded, that, if they all diverged 
from the same point, “they ought to have two 
common points of retinion, or two nodes in oppo- 
site regions of the heavens, through which all the 
planetary fragments must sooner or later pass.” 
One of these nodes he found to be in the constel- 
lation Virgo, and the other in the Whale; and it 
is a remarkable coincidence, that it was in the 
latter of these regions that the planet Juno was 
discovered by Mr. Harding. In order to detect 
the remaining fragments (if any existed), Dr. 
Olbers examined, times every year, all the 
small stars in Virg "the Whale; and it was 
actually in the con wn. Virgo that he dis- 
covered the planet V is not unlikely that 
other fragments of a similar description may yet 
be discovered.’ Sir D. Brewster attributes the fall 
of meteoric stones* to the smaller fragments of 
these bodies happening to come withia the sphere 
of the earth’s attraction. His ingenious reason- 
ing on this subject, and in support of Dr Olbers’ 
hypothesis above stated, may be seen in. Edin. 
Eincyc., vol. ii, p. 641, and in his ** supplementary 
chapters to Ferguson’s Astronomy.”’ 

The facts to which I have now adverted seem to 
unfold a new scene in the history of the dispen- 
sations of the Almighty, and to warrant the con- 
clusion, that the earth is not the only globe in the 
universe which is subject to physical changes and 
moral revolutions. 

The Planet Jurrrer.—This: planet is 490 mil- 
lions of miles distant from the sun, and performs 
its annual revolution in nearly. twelve of our 
years, movin he rate of twenty-nine thousand 
miles an how t is the largest planet in the So- 
lar system, being 89,900 miles in diameter, or 
about fourteen hundred times larger than the earth. 
Its motion reund its axis is performed in nine 
hours and fifty-six minutes; and, therefore,’ the 
portions of its surface about the equator, move at 
the rate of 28,000 miles an hour, which is nearly 
twenty-seven times swifter than the earth’s diur- 
nal rotation. ‘The figure of Jupiter is that of av 













* Meteoric stones, or what are generally termed aerolites, 
are stones which sometimes fall from the upper regions of 
the atmosphere upon the earth. The substance of which 
they are composed is, for the most. part, metallie; but the 
ore of which they consist is not to be found im the same con- 
stituent proportions, in any terrestrial substances; Their 
fall is generally preceded by a luminous appearance, a his- 

' sing noise, anda loud explosion; and, when found immedi- 

ately after their descent, are always hot. Their size differs 
from small fragments’of inconsiderable weight, to the most 
ponderous masses, Some of the larger portions of these 
stones have been found to weigh from 300 lhs. to, severa) 
tons; and they have often descended to the earth with a 
force sufficient to bury them several feet under the soil. 
Some have supposed that these bodies are pojected from 
voleanoes in the moon; others, that they pigeeed from vol- 
canoes on the earth; while others imagine that they are 
generated in the regions of the atmosphere; but the true 
‘cause is probably not yet 





ertained. In some instances, 
these stones have penetra sough the’ roofs of ; 
and proved destructive to th abitants. 4 
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oblate sphe 
through the pi 
than that passing through the equator. 
Earth, Saturn, and Mars, are also spheroids; and 
it is highly probable that Mercury, Venus, and 
Herschel, are of a similar figure, though the fact 
has not yet been ascertained by actual observation. 
When viewed with a telescope, several spots have 
been occasionally discovered on the surface of this 
planet, by the motion of which its rotation was 
determined. : 
But what chiefly distinguishes the surface of 
Jupiter, is several streaky appearances, or’ dusky 
tipes,: which extend across his disc in lines 
parallel to his equator. These are generally 
termed his Belts. Three of these belts, or zones, 
nearly equi-distant from each other, are most fre- 
quently observed; but they are not regular or 
constant in their appearance.* Sometimes only 
one is to be seen, sometimes five, and sometimes 
seven or eight have been visible; and in. the latter 
case, two of them have been known to disappear 
during the time of observation. On the 28th of 
May, 1780, Sir W. Herschel perceived ; “ the 
whole surface of Jupiter covered with small curved 
belts, ‘or rather lines, that were not continuous 
across his disc.” fh these belts are gene- 
rally parallel to each other, yet they are not al- 
ways so. Their breadth is likewise variable; one 
belt having been observed te 
another in its neighborhood has increased in 
breadth, as. if the one had flowed into the other. 
The time of their continuance is also uncertain; 
sometimes they remain unchanged for several 
months, at other times, new belts have been form- 
ed in an hour or two. What these belts, or varia- 
bie appearances are, it is diticult to determine. 
Some have regarded: them as strata of clouds 
floating in the atmosphere . Jupiter; 
vie 










The foregoing figure exhibits a view of Jupi- 
ter’s belts and satellites as seen through a good 
telescope; but they do not always appear, two on 
each aie, as here represented; but in every vari- 
ety of position; and sometimes all on the same 
side, in the order of their distances; and they 
seem to move from one side to another, in nearly 
straight lines, on account of our eye being nearly 
on a level with the planes of their orbits. 

Jupiter’s axis being nearly perpendicular to his 
orbit, he has no sensible change of seasons, such 
as we experience on the earth. Were we placed 
on the surface of this planet, with the limited 
powers of vision we now possess, our earth and 
moon would entirely disappear, as if they were 





Fedo representation of these belts in the positions in which 
they most frequently appear, is exhibited in the Frontis- 
piece, Fig. 2.—Fig. 1 represents the double ring of Saturn 
“as it appears when viewed through a powerful telescope.— 
. es 1, 2, 3, 4, etc., repre saturn, Jupiter, Herschel, 
earth, and moon, in their ‘elative sizes and proportions, 


while every 42 hours. 
Fig, 2.5. 
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others imagine, that they are 


axis, or diameter, passin 
eing about 6000 miles shone physical revolutions which are perpetually chang- 
he |ing thé surface of that planet. 


The former 
opinion appears the most probable. But what- 
ever be the nature of these. belts, the sudden 
changes to which they are occasionally subject, 
seem to indicate the rapid operation of some pow- 
erful physical agency; for some of them are 
more than five thousand miles in breadth; and 
since they have been known to disappear in the 
space of an hour or two, or even during the time 
of a casual observation—agents more powerful 
than any with which re acquainted anust 
have produced so ext aoe 
Jupiter is attended by our satellites, or moons, 
which present’ a very beautiful appearance when 
viewed througha telescope. The first moon, or 
that nearest the planet, is 230,000 miles distant 
from its center, and.goes round it in 42% hours; 
and will appear from its surface four times larger 
than our moon does to us. The second moon, 
being farther distant, will appear about the size of 
ours; the third, somewhat less; and the fourth 
which is a million of miles distant from Jupiter, 
and takes sixteen days to go round him, will ap- 
pear only about one-third the diameter of oun 
moon. These moons suffer frequent eclipses from 
passing through Jupiter’s shadow, in the same 
way as our moon is eclipsed by passing through 





grow narrow, while | the shadow of the earth. By the eclipses of these 


moons, the motion of light was ascertained; and 
they are found to be of essential use, in deter- 
mining’ the longitude of places on the surface of 
our globe. This planet, if seen from its nearest 
moon, will present a surface a thousand times as 
large as our moon does to us, and will appear in 
the form of a crescent, a half moon, a gibbous 





phase, and a full ‘moon; in regular succession, 


 * 


‘ 





ae 


blotted out from the map of creation 3; and the 


| inhabitants of these regions must have much bet- 


ter eyes than ours, if they know that there is in 
the wniverse such a globe as the earth. 

The Planet Sarurn. planet is 900 mil- 
lions of miles distant fro e sun, being nearly 
double the distance of Jupiter. Its diameter is 
79,000 miles, and consequently, it is more than 
nine hundred times the bulk of the earth. It takes 
it 2914 years to complete its revolution about the 
sun; but its diurnal motion is completed in ten 
hours and sixteen minutes; so that the year in 
this planet is nearly thirty times the length of 
ours, while the day is shorter, by more than one- 
half. The year, therefore, contains about twenty- 
five thousand one hundred and fifty days, or 
periods of its diurnal rotation, which is equal to 
10,759 of our days. Saturn is of a spheroidal 
figure, or somewhat of the shape of an orange; 
his equatorial being more than six thousand miles 
longer than his polar diameter. His surface, like 









spots. Sir W. Herschel, at certain times, per- 
ceived five belts on his surface, three of which 
were dark, and two bright. The dark belts had a 
yellowish tinge, and generally covered a larger 
zone of the disc of Saturn than the belts of Jupi- 
ter occupy upon his surface. On account of the 
great distance of this planet from the sun, they 
light it receives from that luminary is, only the 
ninetieth part of what.we enjoy; but, by caleula- 
tion, it is found that this quantity is a thousand 
times greater than the light which the full moon 
affords to us. . Beside, it,is surrounded by no 
fewer than seven moons, which supply it with 
light in the absence of the sun. Five of these 
moons were discovered during the seventeenth 
contury, by Huygens and Cassini; and the sixth 
and seventa were discovered by Sir W: Herschel, 
in 1789, soon. after his large forty feet reflecting 
telescope was constructed. These moons, and 
also these which accompany -Jupiter, are esti- 
mated to be not much less than the earth in mag- 
nitude, and are found, like our moon, to revolve 
round their axes in the same time in which they 
revolve about their respective primaries. 

Rines or Saturn. —The most extraordinary cir- 
cumstance connected with this planet is, the phe- 
nomenon of a double ring, which surrounds its 
body, but nowhere touches it, being thirty thou- 
sand miles distant from any part of the planet, 
and is carried along with the planet in its circuit 
around the sun. “his is the most singular and 
astonishing object in the whole range of the -pla- 
netary system; no other planet being found envi- 
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placed beyond the reach of our observations, no 


4 


’ 


that of J opis is uiversifiea with’ belts and dark |roned with so wonderful an appé dage: and. the 
He: lanets which may belong to other systems, being 


idea can be formed of the peculiar apparatus. with 
which. any of them may be, furnished. This 


double ring consists of two concentric rings, de- 


tached from each other; the innermost of which 
is nearly three times-as broad as the outermost. 
The outside diameter of the exterior ring is 204,- 
000 miles; and consequently, in circumference, 
will measure six hundred and forty thousand miles, 
or eighty times the diameter of our globe. We 
breadth is 7200 miles, or nearly the diameter | 
the earth. Were four hundred and fifty globes, 
of the size of the earth, placed close to one an- 
other, on a‘plane, this immense ring would in- 
close the whole of them, together with all the 
interstices, or open spaces between the different 
globes The outside diameter of the innermost 
ring is 184,000 miles, and its: breadth 20,000 
miles, or about 244 times broader than the diame- 
ter of the earth. The dark space, or interval 
between the two rings, is 2800 miles. The 
breadth of both the rings, including the dark 
space between them, is thirty thousand miles, 
which is equal to the distance of the innermost 
ring from the body of Saturn. . 

The following figure represents a view of Sa- 
turn and his rings, as they would appear were our 
eye perpendicular to one of the planes of those 
rings; but our eye is never so much elevated 
above either plane as to have the visual ray stand- 
ing at right angles to it: it is never elevated more 
than 30 degrees above the planes of the rings, 


Fig. 22. 


When we view Saturn through a telescope, we 
always see the ring at an oblique angle, so that it 


appears of an oval form, the outward circular | 


ring being projected into an ellipsis more or less 
oblong, according to the different degrees of obli- 
quity with which it is viewed, as will be seen in 
the Frontispiece. 

These rings cast a deep shadow upon the 
planet, which proves that they are not shining 
fluids, but composed of solid matter. They appear 
to be possessed of w higher reflective power than 
the surface of Saturn: as the light, reflected by 
them is more brilliant than that of the planet. 








One obvious: use of this double ring is, to reflect 
light upon the planet in the absence of the sun: 
in all probability, it also serves as an ample habi- 
tation for myriads of sensitive and intelligent 
beings; for the surfaces of the two rings contain 
no less tham 228 millions of square miles, or 
about 600 times more than all the habitable parts 
of our globe, and jt is not likely that, in the wise 
arrangements of the Creator, such immense 
space would be left destitute of inhdbttante: what 
other purposes it may be-intended to ‘subserve, in 
the system of Saturn, is at present to us unknown. 
The sun illuminates one side of it during fifteen. 


®, 







years, or one | 
revolution; and, 
other side is enlightened in its turn. Twice in 
the course of thirty years, there is a shart period, 


during which neither side is enlightened, and. 


when, of course, it ceases to be visible;—namely, 
atthe time when the sun ceases to shine on one 
side, and is about to shine on the other. It 
revolves round its axis, and consequently around 
Saturn, in ten hours and a half, which is at the 
rate of a thousand miles in a minute, or fifty-eight 
times swifter than the earth’s equator. When 


viewed from the middle zone of the planet, in the 


absence of the sun, the rings will appear like vast 
luminous arches, extending along the canopy of 
heaven, from the eastern to the western horizon; 
having an apparent breadth equal to a hundred 
times the apparent diameter of our moon, and 
will be seen darkened about the middle, by the 
shadow of Saturn.* ‘ 

There is no other planet in the Solar system 
whose firmament will present, such a, variety of 
splendid and magnificent objects, as that of Sa- 
turn. The various aspects of his seven moons, 
one rising above the horizon, while another is 
setting, and a third approaching to the meridian; 
one entering into an eclipse, and another emer- 
ging from it; one appearing as a crescent, and 
another with a gibbou @; and sometimes the 
whole of them shining © e same hemisphere, 
in one bright assemblage;—the majestic motions 
of the rings,—at one time ‘illuminating the sky 
with their splendor, and eclipsing the stars; at 
another, casting a deep shade over certain regions 
of the planet, and unvailing to view the wonders of 
the starry firmament—are stenes worthy of the ma- 
jesty of the Divine Being to unfold, and of rational 
creatures to contemplate. Such magnificent. dis- 
plays of Wisdom and Omnipotence, lead us to con- 
clude that the numerous splendid objects connected 
with this planet, were not created merely to shed 
their luster on naked rocks and barren sands; but 
that an immense population of intelligent beings 
is placed in those regions, to enjoy the bounty 
and to adore the perfections of their great Creator. 

The double ring of Saturn, when viewed 
through a good telescope, generally appears like 
a luminous handle on each side of the planet, 
with a dark interval between the interior edge of 
the ring, and the convex body o urn; which 
is owing to its oblique position with respect to 
our line of vision. When its outer edge is turned 
directly toward the earth, it becomes invisible, or 
appears like a dark stripe across the disc of the 
planet as it did in 1832. This phenomenon hap- 
pens once every fifteen years. 

The Planet Herscurt.—This planet, which is 
also known by the names of the Georgium Sidus, 
and Uranus, was discovered by Sir W. Herschel 
on the 13th of March, 1781. It is the most dis- 
tant planet from the sun that has yet been dis- 
covered; being removed at no less than 1800 










* See the Frontispiece, Fig 7, which represents a view of 
the appearance which the rings and moons of Saturn will 
exhibit, in certain cases, about midnight, when beheld from 
@ point 20 or 30 degrees north from his equator. The shade 
on the upper part of the rings represents the shadow of the 
body of Saturn. This shadow will appear to move gradu- 
ally to the west as the morning approaches.—I'rom obser- 
vations which were made some time ago by Captain Kater, 
Professor Quetelet, and others, it has been surmised that 
the owler ring oe is divided into several smaller rings. 
Kater states, that he “saw the outer ring separated .by 
numerous dark divisions extremely close, one stronger than 
the rest dividing the ring about equally.” Such surmises, 
Se sei, require to be confirmed by subsequent observa- 
uous re, 


f the period of the planet’s millions of miles from that lu 
iring the next fifteen years, the | nineteen times farther than the 
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inary, which is 
th is from the 
sun—a distance so great, that.a cannon ball, fly- 
ing at the rate of 480 miles an hour, would not 
reach it in 400 years. Its diameter is about -35,- 
000 miles; and of course, it is about eighty times 
larger than the earth. It appears like a star of 
the sixth magnitude; but can seldom be distin- 
guished by the naked eye. It takes about 83 
years and a half to complete its revolution round 
the sun; and, though it is the slowest moving 
body in the system, it moves at the rate of 15,000 
miles an hour. As the degree of sensible heat in 
any planet does not “peat 0 depend altogether 
on its nearness to the sun, the temperature of this 
planet may be as mild as that which obtains in 
the most genial climate of our globe.* The 
diameter of the sun, as seen from Herschel, is 
little more than the apparent: diameter of Venus 
as seen. by the naked eye; and the light which it 
receives from that luminary, is 360 times less 
than what we experience; yet this proportion is 
found by calculation to be equal to the effect 
which would be produced by 248 of our full 
moons; and, in the absence of the sun, there are 
siz moons which reflect light upon this distant 
planet, all of which were discovered likewise by 
Sir W. Herschel.. Small as the proportion of 
light is which this planet, receives from the sun, 
it is easy to conceive, that beings similar to man, 
placed on the surface of this globe, with a slight 
modification of their organs of vision, might be 
made to perceiye objects with a clearness and 
distinctness eyen superior to what we can do. 
We have only to suppose, that the Creator has 
formed their eyes with pupils capable of a much 
larger expansion than ours; and has indued their 
retura with a much greater degree of nervous 
sensibility. At all events, we may rest assured, 
that He who has placed: sentient beings in any 
region, has, by laws with which we are partly 
unacquainted, adapted the constitution of the in- 
habitant to the nature of the habitation. * ae: 


«Strange and amazing must the difference be “4 
*Twixt this dull planet and bright Mercury! r 
Yet reason says, nor can we di 
Millions of beings dwe 
With constitutions fitte 
Where Providence, all-w) 






has fixed their lot.” 


The celestial globes which I have now described, 
are all the planets which are at.present known to 
belong to the Solar system. It is probable that 
other planetary bodies may yet be discovered be- 
tween the orbits of Saturn and Herschel, and even 
far beyond the orbit of the latter; and it is also 
not improbable, that planets may exist in the 
immense interval of 37 millions of miles between 
Mercury and the Sun.t These (if any exist) can 
be detected only by a series of day observations, 
made with equatorial telescopes; as they could 
not be supposed to be seen, after sunset, on 
account of their proximity to the sun. Five 
primary} planets, and eight secondaries, have been 





* See Note, p. 81. 

+The Author, some years ago, described a method by 
which the planets (if any) within the orbit of Mercury, may 
be discovered in the day-time, by means of a simple con- 
trivance for intercepting the solar rays, and the frequent 
application, by a number of observers, of powerful telescopes, 
to a certain portion of the sky, in the vicinity of the sun. 
The details of this plan have not yet been published; but 
the reader will see them alluded to, in No. V of the Edin- 
burgh Philosophical Journal, for July, 1820, p. 191. 

tA primary planet is that which revolves round the sun 
as a center; as Mars, Jupiter, and Saturn. A secondary 
planet is one which revolves round a primary planet as its 
center; as the Moon, and the satellites of Jupiter and 
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discovered within the last 60 years; and, therefore, 


we have no reason to conclude, that all the bodies be- | 


longing to our'system have yet been detected, until 
every region of the heavens be more fully explored. 

Comurs.—Beside the planetary globes to which 
I have now adverted, there is a class of celestial 
bodies which occasionally appear in the heavens, 
to which the name of Comets has been giver. 
They are distinguished from the other eelestial 
bodies, by their ruddy appearance, and by a long 
train of light, called the tail, which sometimes 
extends over a considerable portion of the heavens, 
and which is so transparent that the stars may be 
seen through it. The tail is always directed: to 
that part of the heavens which is opposite to the 
stn, and increases in size as it approaches him, 
and is again gradually diminished, as the comet 
flies off to the more distant regions of space. 
Their apparent magnitude is very different: some- 
times they appear only of the bigness of the fixed 
stars; at other times they equal the diameter of 
Venus; and sometimes they have appeared nearly 
as large as the Moon. They traverse the heavens 
in all directions, and cross the orbits of the planets. 
When examined through a telescope, they appear 
to consist of a dark central nucleus, surrounded 
by a dense atmosphere, or mass of vapors. They 
have been ascertained to move in long narrow 
ellipses or ovals, around the sun; some of them, 
on their nearest approach to him, having been 
within a million ‘of miles of his center: and then 
fly off to a region several thousands of millions 


of miles distant. When near the sun, they move. 


with amazing velocity. The velocity of the comet 
which appeared in 1680, according to Sir Isaac 
Newton’s calcuiation, was 880,000 miles an hour. 
They appear to be bodies of no great density, and 
their size seldom exceeds that of the moon. The 
length of the tails of some comets has been esti- 
mated at fifty millions of miles. According to Sir 
W. Herschel’s computations, the solid nucleus, or 
central part of the comet which appeared in 1811, 
was only 428 miles in diameter; but the real diam- 
eter of the head or nebulous portion of the comet, 
he computed to be about 127,000 miles. The length 
of its tail he computed to be above one hundred 
millions of miles, and its breadth nearly fifteen 
millions. It was nearest to the earth on. the 11th 
October, when its distance was 113 millions of 
miles. The number of comets which have occa- 
sionally been seen within the limits of our system, 
since the commencement of the Christian era, is 
about 500, of which the paths or orbits of more 
than a hundred have been calculated. r 
As these bodies cross the paths of the planets in 
every direction, there is a possibility that some of 
them might strike against the earth in their 
approach to thé sun; and, were this to happen, 
the consequences would be awful beyond descrip- 
tion. But we may are that that Almighty 
Being who at first launched them into existence 
directs all their motions, however complicated ; 
and that the earth shall remain secure against all 
such concussions from celestial agents, until the 
purposes of his moral government im this world 
shall be fully accomplished. Wat tagion these 
bodies visit, when they pass beyond the limits of 
our view; upon what errands they are sent; when 
they again revisit the central parts of our system; 
what is the difference in their physical constitu- 
tion, from that of the sun and planets; and what 
important ends they are destined to accomplish in 








Saturn. The primary planets are distingnished from the 
fixed stars, by the steadiness of their light 3 not having a 
twinkiing appearance, as the stars exhibit, 
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the economy of the universe; are inquiries which 
naturally arise in the'mind, but which surpass the 
limited powers of the human understanding at 
present to determine. Of this, however, we may 
’rest assured, that they were not created in vain; 
that they subserve purposes worthy of the infinite 
Creator; and that, wherever he-has exerted his 
‘power, there also he manifests his wisdom and 
beneficence.* , ; 

‘Such is a general outline of the leading facts 
connected with that system to which our earth 
belongs. Though the energies of Divine a 
had never, been exerted- beyond the limits of this 
system, it would remain an eternal monument of 
the: Wisdom and Omnipotence of, its Author. 
Independently of the Sun, which is’a vast universe 
in itself, and of the numerous comets which are 
continually traversing its distant regions, it con- 
tains a mass of material existence, arranged in the 
most beautiful order, two thousand five hundred 
times larger than our globe. From late observa- 
tions, there’ is the strongest reason to conclude 
that the sun, along with all this vast assemblage 
of bodies, is carried through the regions of the 
universe toward some distant point of space, or 
around some wide circumference, at the rate of 
more than sixty thousand miles an hour; and if 
so, it is highly probable, if not absolutely certain, 
that we shall never again occupy that portion of 
absolute space through which we are this moment 
passing during all the succeeding ages of eternity. 

Such a glorious system must have been brought 
into existence, to subserve purposes worthy of the 





*The periodical revolutions of the greater number’ of 
comets are accomplished only in long periods of time ; some 
of them requiring hundreds and even thousands of years to 
finish their, circuits. ‘But, of late years, two comets have 
been discovered whose periodic revolutions are extremely 
short.—These are, Ist. he comet of Encke, whose periodic 
revolution is only 1200 days, or 3 years and three-tenths, 
and becomes visible ten times in 33 yéars. It was discov. 
ered at Marseilles, by M. Pons, on the 28th November, 
1818, and: soon after ‘M. Encke of Berlin determined its 
period by incontestable calculations. This comet has since 
regularly made its appearance, It was seen in Australia in 
June, 1822, and since that time in Europe, in 1825, 1828, 
1832, 1835, and 1838. This comet is very small ; its light is 
feeble ; it has no tail, and it is invisible to the naked eye, 
except in very favorable circumstances.—The other comet 
to which we allude is distinguished by the name of Bicla’s 
and sometimes Gambart’s comet. This comet was first per: 
ceived at Joha: erg, on the 27th of February, 1826, by M. 
Biela, and ten days after by M. Gambart, at Marseilles, who 
calculated its orbit, and determined the period of its revolu- 
tion to be 2460 days, or nearly 634 years. The predicted 
appearance of this comet in 1832 produced considerable 
alarm on the continent, particularly in France; as some 
German journalists had predicted that it would cross the 
earth’s orbit near the point at. which the earth would be at 
that time, and cause the destruction of our globe, This 
comet is a small body without a tail, or any appearante 
whatever of a solid nucleus, and is not distinguishable by 
the naked eye. It is not improbable that the observations 
which may hereafter be made on these comets, whose return 
is so frequent, will lead to more definite and accurate views 
of the nature and destination of these singular bodies. The 
only other comet whose period is determined is that which 
is known by the name of Hatlley’s comet. This comet was 
observed by Dr, Halley in 1682, and, on calculating its ele- 
ments, he was led to conclude that it was identical with the 
great comets of 1456, 1531, and 1607 ; and that its period is 
75 or 76 years. He accordingly ventured to predict that it 
would again retum about the latter part of 1758 or the 
beginning of 1759. It actually reappeared near the end of 
December, 1758, and arrived at its perihelion on the 18th 
March, 1759 ; and it again made its appearance, accordiny 
to prediction, in September and October, 1835, having been 
seen in the particular positions previously predicted, a con- 
siderable time before it was visible to the naked eye. The 
appearance of this comet, so near the time predicted by 
astronomers, is a clear proof of the accuracy which has 





been introduced into astronomical calculations, and the 
soundness of ‘the principles on which astronomers proceed. 
This circumstance likewise shows us that comets in generaj 
are permanent bodies belonging to that system of which we 
form a part, = ue 
a 
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Infinite Wisdom and Benevolence of the Creator. | itself, a strong presumptive evidence that the 


To suppose that the distant globes of which it is 
composed, with their magnificent apparatus of 


Rings and Moons, were created merely for the’ 


purpose of affording a few astronomers, in these 
latter times, a peep of them through their glasses, 
would be inconsistent with every principle of 
reason; and would be charging Him who is the 
Source of Wisdom with conduct which we would 
pronounce to be folly in the sons of men. Since 
it appears, so far as our observation extends, that 
matter exists only for the sake of sensitive and 
intelligent beings; and. that the Creator made 
nothing in vain—it is a conclusion to which we 
are necessarily led, that the planetary globes are 
inhabited by various orders of intellectual beings, 
who participate in the bounty and celebrate the 
glory of their Creator. 

When this idea is taken into consideration, it 
gives a striking emphasis to such sublime decla- 
rations of the Sacred Volume as these:—« AH 
nations before him are as nothing—He., sitteth 
upon the circle of the earth, and the inhabitants 
thereof are as grasshoppers—The nations are. as 
the drop of a bucket—All the inhabitants of the 
world are reputed as nothing in his sight; and he 
doth according to his will in the armies of héaven 


and among the inhabitants of the earth=Thou- 


hast made heayen and the heaven of heavens, 
with all their hosts; and thou preservest them all; 
and the host of heaven worshipeth thee—When 1 
consider thy heavens, what is man that thou art 
mindful of him!” . If the-race of Adam were 
the principal intelligences in the universe of God, 
such passages would be stripped of all their sub- 
limity, would degenerate into mere hyperboles, 
and be almost without meaning. If man weré 
the only rational being who inhabited the marrriaL 
WORLD, as some arrogantly imagine, it would be 
no wonder at all that God should be “ mindful of 
him;’? nor could “all the .inhabitants’ of this 


1 


world,’? with any propriety, be compared to “a 


drop of a bucket,’’ and be “reputed as nothing in 
his sight.’’—Such deelarations would be contrary 
to fact, if this supposition were admitted; for it 
assumes that man holds the principal station, in 
the visible universe. The expressions — “The 
heavens, the heaven of heavens,’”’ and “tle host 
of heaven worshiping God,” would also, on this 
supposition, degenerate into something appreach- 
ing to mere inanity. Thes> expressions, if they 
signify anything that is worthy of an Inspired 
Teacher to communicate, evidently imply that 
the universe is vast and tee: beyond. the 
range of human comprehension—that it is peo- 
pled with myriads of inhabitants—that these 
inhabitants are possessed of intellectual natures, 
capable of appreciating the perfections of, their 
Creator—and, that they pay him a tribute of 
rational adoration: “ The host of heaven worship- 
eth thee.” So that the language of Scripture is 
not only consistent with the doctrine of a plurality 
of worlds, but evidently supposes their existence 
to all. the extent to which the discoveries of mod- 
ern science can carry us. However ,vast the 
universe now appears—however numerous the 
worlds, and systems of worlds, which may exist 
within its boundless range—the language of 
Scripture is sufficiently comprehensive and sub- 
lime, to express all the emotious which naturally 
arise in the mind when contemplating its struc- 
ture; a characteristic which will apply to no 
other book, or pretended revelation. And this 
consideration shows not only the harmony which 
subsists between the discoveries of Revelation and 
the discoveries of Science, but also forms, by 


records of the Bible are authentic and divine.* 
Vast as the Solar System we have now been 
contemplating may appear, it is but a mere point 
in the map of creation. ‘To a spectator placed in 
one of the stars of the seventh magnitude, not 
only the glories of this world, and the more 
resplendent scenes of the planet Saturn, but even 
the sun himself would entirely disappear, as if 
he were blotted out of existence. ‘Were the 
sun,’ says Mr. Addison, “ which enlightens this 
part of the creation, with all the host of the 
planetary worlds that move about him, utterly 
extinguished and annihilated, they would not be 
missed by an eye that could take im the whole 
compass of nature, more than a grain of sand 
upon the sea-shore. ‘The space they possess is so 
exceedingly little in comparison of the whole, that 
it would scarecly make a blank in creation.” . 
The Fixrp Strars.—When we pass from the 
planetary system to other regions of creation, we 
have to traverse, in imagination, a space so im- 
'mense, that it has. hitherto. baffled all the efforts 
of science to determine its extent. In these re- 
mote and immedsurable spaces are placed. those 
immense liminous bodies usually denominated 
the: fixed. stars, \The nearest stars are, on good 
grounds, concluded to be atleast twenty billions 
of miles distant from our globe—a distance through 
which light (the swiftest body in nature) could 
not trayel in the space of three years; and which 
a-ball, moving at the rate of 500 miles an hour, 
would not: traverse in four millions, five hundred 
thousand years, or 750 times the period which 
has élapsed sitice the Mosaic creation. But how 
far they may be placed beyond this distance, no 
astronomer will pretend to determine. The fol- 
lowing’ consideration will prove, to those unac- 
: : . \ + : . 
quainted with the mathematical principles of 
astronomy, that the stars are placed at an 
‘immeasurable distance. When they are viewed 
through a telescope which magnifies objects a 
thousand times, they appear no larger than to the 
naked eye; which circumstance shows, that 
though we were placed at the thousandth part of 
the distance from them at which we now are, they 
would stilPappear only as so many shining points ; 
for we should still be distant from the nearest of 
them, twenty thousand millions of miles: or, in 
other words, were we ‘transported several thou- 
sands of millions of miles from the spot we now 
oceupy, though their numbers would appear 
exceedingly increased, they would appear no 
larger than they do from our present station; and 
we behooved to be. carried forward thousands of 
millions of miles farther in a long succession, 
before their, discs’ appeared to expand into large 
cireles like the moon. Sir W. Herschel viewed 
the stars with telescopes magnifying from one to 
two or three thousand times, yet they still appeared 
only as brilliant points, without any sensible discs 
or increase of diameter. ‘This circumstance in- 
contestably proves the two following things: 1. 
That the stars are luminous bodies, which shine 
by their own native light; otherwise they could 
not be perceived at such vast distances. 2. That 
they are bodies of an immense size, not inferior 
to the sun; and many of them, it is probable, far 
exceed that luminary in bulk and splendor.t 





* See Appendix, Note VI. 

+ Professor Bessel of Konigsberg appears to have lately as- 
certained the annual parallax of the star 61 Cygni, which he 
has determined to be somewhat less than one-third of a sec- 
ond, and consequently its distance must be 62,481,500,000,000, 





or sixty-two billions, four hundred and eighty-one thousand 
five hundred millions of miles—a distance which light, swift 
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Yor the conveniency of reference to particular 
objects and regions in the heavens, the stars have 
been arranged into different groups and constella- 
tions. The number of constellations recognized 
by modern astronomers is about 94; of which 12 
are contained in the Zodiac, or that zone in the 
heavens in which the sun, moon, and planets are 
seen to perform their real or apparent revolutions; 
35 are reckoned North of the zodiac, and 47 to the 
South, called the Northern and Southern constel- 
lations. “These constellations are generally de- 
picted on cclestial globes and planispheres, as if 
they. were represented by various animals and 
hieroglyphic objects, which give such exhibitions 
of the heavens a very grotesque and unnatural 
uppearance. We have therefore given, in the 
following cut (fig. 23), a representation of the 


Fig. 
NORTH. 
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The stats, on account of the difference in their 
apparent magnitudes, have been distributed into 
several classes or orders. Those which appear 
largest are called stars of the first magnitude : 
next to those in luster, stars of the secend magni- 
tude, and so on to stars of the sixth marnitude, 
which ‘are the smallest that can be distinguished 
by the naked eye. Stars of the seventh, eighth, 
ninth, tenth, &c., magnitudes, which cannot be 
seen by the naked eye, are distinguished by the 





4s its motion is, would require 
across this mighty interval ‘ 
miles every hour, would rec 


10 years and 114 days to fly 
and a eannon ball, moving 500 


ve juire fourteen millions, two hun- 
dred and fifty thousand years before it could move across 
) : acros 


He same interval.—For a more detailed account of this | 
discovery of Bessel, the reader is referred to the author’s 
volume entitled “ Sidereal Heavens.” 








SOUTH. 


THE CHRISTIAN PHILOSOPHER. 


constellation Orion, with. the adjacent stars, on a 
more simple and natural plan, to show the man- 
ner in which the celestial constellations might be 
depicted on globes and planispheres, so as to make 
them resemble as much as possible their appear- 
ance in the heavens, This constellation makes a 
splendid appearance in the‘southern parts of the 
heavens during our winter months. The two 
large stars near the top toward the left, are Betel- 
guese and Bellatrix; te three -equidistant stars, 
near the middle, are Orion’s belt, called in the 
book of Job, the ‘bands of Orion.’> The large 
star, near the bottom, on the right, is Rigel, a star 
of the first magnitude. A white line is drawn 
around this constellation to define its boundaries, 
and, in this way the form and limits of all the 
other constellations might be distinguished. 
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name of the telescopic stars. Not more than a 
thousand stars can be distinguished by the naked 
eye in the clearest winter night; but by means of 
the telescope, millions have been discovered.* 
And as it is probable, that by far the greater part 
lie beyond the reach of the best glasses which 
have been, or ever will be, constructed by man— 
the real number of the stars may be presumed to 
be beyond all human calculation or conception, 
and perhaps beyond the grasp of angelic eom- 
prehension. 

In consequence of recent discoveries, we have 
now the strongest reason to believe, that all the 
stars in the universe are arranged into clusters, or 
groups, which astronomers distinguish by the 





* See page 21. 
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name of Nesut#, or Starry Sysrems, each ne- 
bula consisting of many thousands of stars. The 
nearest nebula is that whitish space or zone which 
is known by the name of the Milky Way, to which 
our sun is supposed to belong. It consists of 
many hundreds of thousands of stars. When Sir 
W._ Herschel examined this region with his power- 
ful telescopes, he found a portion of it, only fif- 
teen degrees long, and two broad, which contain- 
ed fifty thousand stars large enough to be distinct- 
ly counted; and he suspected twice as many more, 
which, for want of sufficient light in his telescope, 
he saw only now and then. More than three 
thousand nebule have already been observed; and, 
if each of them contain as many stars as the 
Milky Way, several hundreds of millions of stars 
must exist, even within that portion of the heav- 
ens which lies open to our observation. Beside 
those Nebule which are resolvable into stars by 
telescopes, there are nebulous bodies in the heay- 
ens, of vast extent, such as the nebula in the 
sword of Orion, which the most powerful tele- 


scopes have hitherto been unable to resolve-into. 


stars. These are found in different degrees of 
condensation—from the resemblance of an irre- 
gular dusky cloud to the appearance of a well- 
defined body of. faintish light, condensed to a 
bright spot in the center. They appear to be a 
species of fine luminous matter, distinct from stars 
and plancts, diffused in immense masses through- 
out the spaces of the universe. It is an opinion 
now generally entertainea that these self-luminous 
portions of matter are the chaotic materialsgout 
of which new suns and worlds may be formed 
under the superintendence of Omnipotence—and 
that each mass of this substance is gradually con- 
centrating. itself by the effect of its own gravity, 
and of the circular motions of which it is suscep- 
tible—into denser masses, so as ultimately to 
effect the arrangement and establishment of side- 
real systems. en 

It appears, from numerous observations, that 
various changes are occasionally taking place in 
the regions of the stars. Several stars have ap- 
peared for a while in the heavens, and then 
vanished from the sight. Some stars which were 
known to the ancients, cannot now be discovered; 
and stars are now distinetly visible, which were to 
them unknown. A few stars have gradually in- 
creased in brilliancy, while others have been con- 
stantly diminishing in luster. Certain stars, to 
the number of fifteen or upwards, are ascertained 
to have a periodical increase Histo of of their 





luster, sometimes appearing like stars of the first 
or second magnitude, sometimes diminishing to 
the size of the fourth or fifth magnitude, and 
sometimes altogether disappearing to the naked 
eye. The late digegesries respecting double and 
triple stars are particularly worthy of attention. 
Some stars, which, to the naked eye, appear single, 
when examined by good telescopes, are found to 
consist of two, three, or more stars. In reference 
to double stars, one of the two is generally cousi- 
derably smaller than the other, and it is now as- 
certained that, in many instances, the smaller star 
has a circular or elliptical motion around the 
larger. About 6000 double stars have already 
been detected; and between 40 and 50 of these 
bodies have been ascertained beyond doubt to 
form revolving systems. Some of these require 
1600, others 1200, and others about 452 years to 
complete their revolutions; while some others 
finish their circuits in the short periods of 55, 43, 
and even 30 years. So that here we have Suns 
revolving around suns, and systems of worlds 
revolving around systems of worlds, in various 
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combinations, throughout the tracts of immensity. 
It also appears that changes are taking place 
among the Nebule—that several nebule are 
formed by the decomposition of larger nebule, 


‘and that many nebule of this kind are at present 


detaching themselves from the nebule of the 
Milky Way. These changes seem to indicate, 
that mighty movements and vast operations are 
continually going on in the distant regions of 
creation, under the superintendence of the Sove- 
reign of the Universe, upon a scale of magnitude 


and grandeur which overwhelms the human un- 
of oo ¥ 


derstanding. ; a 

To explore more extensively the region of the 
starry firmament; to mark the changes that are 
taking place; to ascertain all the changeable stars; 
to determine the periodical variations of their 
light; the revolutions of double and triple stars, 
and the motions and other phenomena peculiar 
to these great bodies—will furnish employment 
for future enlightened generations; and will per- 
haps form a part of the studies and investigations 
of superior intelligences, in a higher sphere of 
existence, during an indefinite lapse of ages. 

If every one of these immense bodies be a Sun, 
equal or superior to ours, and encircled with a 
host of planetary worlds, as we have every reason 
to conclude to be the case,* how vast must-be the 
extent of creation! how numerous the worlds and 
beings which exist within its boundless range! 


and how great, beyond all human or angelic con- 


ception, must be_the Power and Intelligence of 
that glorious Being who called this system from 
nothing into existence, and continually superin- 
tends all its movements! The mind is bewildered 
and confounded when it attempts to dwell on this 
subject; it feels the narrow limits of its present 
faculties; it longs for the powers of a seraph, to 
enable it to take a more expansive flight into those 
regions which “eye ‘hath not seen;’’ and, while 
destitute of these, and chained down to this cb- 
scure corner’ of creation, it can only exclaim, iu 
the language of inspiration, ‘* Who can by search- 
ing find out God?—Great is our Lord, and of 
great power: his understanding is infinite!-—Great 
and marvelous are thy works, Lord God Almighty! 
—Who can utter the mighty acts of Jehovah! 
who can show forth all his praise!” 

After what has now been stated in relation to 
the leading facts of Astronomy, it would be need- 
less to spend time in endeavoring to show its 
connection with Religion. It will at once be ad- 
mitted, that all the huge globes of luminous and 
opaque matter to which we have adverted, are the 
workmanship. of Him “whois wonderful in 
counsel, and excellent in working;”’ and forma 
part of the dominions of that august Sovereign, 
“whose kingdom ruleth over all.’”? And shall it 
ever be insinuated, that this subject has no rela- 
tion to the great object of our adoration? and that 
it is of no importance in our views of the Divinity, 
whether we conceive his dominions as circum- 
scribed within the limits of little more than 25,000 
miles, or as embracing an extent which compre- 
hends innumerable worlds! The objects around 
us in iis blanasy sphere, strikingly eyince the 
superintendency, the wisdom, and benevolence of 
the Creator: but this science demonstrates, beyond 
all other departments of human knowledge, the 
GRANDEUR and MAGNIFICENCE of his operations; and 
raises the mind to sublimer views of his attributes 
than can be acquired by the contemplation of 
any other objects. A serious contemplation of 
the sublime objects which Astronomy has ex- 





* See pp. 19, 28. 


92 
plored, must therefore have a tendency ‘to inspire 
ue ith rofound veneration of the Hternal Jeho- 
vah humble us in the dust before his august 
presence—to excite admiration of his condescen- 
sion and grace in the work of redemption—to 
show us the littleness of this world, and the in- 
significancy of those riches and honors to which 


ambitious men aspire with so much labor and 


anxiety of mind—to demonstrate the glory and 
magnificence of God’s universal kingdom—to 
convince us of the infinite sources of varied feli- 
city which he has in his power to communicate 
to holy intelligences—to enliven our hopes of the 
splendors of that “exceeding great and eternal 
weight of glory,” which will burst upon the 
spirits of good men, when they pass from this re- 
gion of mortality—and to induce us to aspire 
with more lively ardor after that heavenly world, 
where the glories of the Deity, and the magni- 
ficence of his works, will bo more clearly un- 
folded. 

If, then, such be the effects which the objects of. 
astronomy have a tendency to produce on a de- 
vout and enlightened mind—to call in question 
the propriety of exhibiting such views in religious 
publications, or in the course of religious instruc- 
tions, would be an approach to impiety, and an 
attempt to cover with a vail the most. illustrious 
visible displays of Divine glory.—It forms a strik- 
ing evidence of the depravity of man, as well us 
of his want of true taste, and of a discernment of 
what is excellent; that the grandeur of the noctur- 
nal heavens, and the perfections of Deity they 
proclaim, are beheld with so much apathy and 
indifference by the bulk of mankind. Though 
“the heavens declare the glory of God,” in the 
most solemn and impressive language, adapted to 
the comprehension of every kindred and every 
tribe, yet “a brutish man knoweth not, neither 
doth a fool understand. this.” They can gaze 
upon these resplendent orbs with as little emotion 
as the ox that feeds on the grass, or as the horse 
that drags their carcasses along in their chariots. 
‘They have even attempted to ridicule the science 
of the heavens, to caricature those who have de- 
voted themselves to such studies, and to treat with 
an indifference, mingled with contempt, the most 
august productions of Omnipotence. Such per- 
sous must be considered as exposing themselves 
to that Divine denunciation—* Because they re- 
gard not the works of Jehovah, neither consider 
the operations of his hands, he will destroy them, 
and not build them up.” If the structure of the 
heavens, and the immensity of worlds and beings 
which they coutain, were intended by the Creator 
to adumbrate, in some meastire, his invisible per- 
fections, and to produce a sublime and awful im- 
pression on the minds of all created intelligences,* 
it must imply a high degree of disrespect to the 
Divinity, willfully to overlook these astonishing 
scenes ‘of Power and Intelligence, It is not a 
matter of mere taste or caprice, whether or not 
we direct our thoughts to such subjects, but an 
imperative duty, to which we are frequently 
directed in the word of God; the willful neglect of 








wiiich, where there is an opportuni attend- 
ing to it, must subject us to all tha included 


in the threatening now specified, if there be any 
meaning in language. 

That the great body of professed Christians are 
absolute strangers to the sublime sentiments which 
a serious contemplation of the heavens inspires, 
inust be owing, in part, to the minds of Christian 
parents and teachers not having been directed to 





* Bee pp. 21, 24, 
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such subjects, or to the views they entertain re- 
specting. the relation of such contemplations to 
the objects of religion. In communicating reli- 
gious instructions in reference to the attributes 
of God, the heavens are seldom referred to, except 
in such a vague and indefinite manner as can pro- 
duce no deep nor vivid impression on the mind; 
and many pious persons whose views have been 
confined to a narrow ratige of objects, have been 
disposed to declaim against such studies, as if they 
had a tendency to engender pride and self-conceit, 
and as if they were even dangerous to the inter- 
ests of religion. and piety. How very different 
were. the feelings and the conduct of the sacred 
writers! ‘They call upon every one of God’s in- 
telligent offspring to “stand ‘still and consider 
the wondrous works of the Most High;”’ and de- 
scribe the profound emotions of piety which the 
contemplation of them produced on their own 
minds: “ Lift up your eyes on high, and behold! 
Who hath created these things? The heavens 
declare the glory of God, and the firmament 
showeth his handiwork. When. I consider thy 
heavens, the work of thy fingers, the moon and 
the stars, which thou hast ordained; what is man, 
that thou art mindful of him? and the son of 
maa, that thou visitest him? Thou, even thou, 


‘art Lord alone: thou hast made heaven, and the 


heaven of heavens, “— all their host, and thou 
preservest them all; and the hosts of heaven wor- 
ship thee. All the gods of the-nations are idols; 
but the Lord mabe THE HEAVENS; honor and ma- 
jesty are before him. Jehovah hath prepared his 
THRONE in the heavens; and his kingdom ruleth 
over all.—Sing praises unto God, ye kingdoms of 
the earth, to him that'rideth on the heaven of 
heavens. Ascribe ye power to our God; for his 
strength is in the ‘heavens. Praise him for his 
mighty acts, praise him according to his excellent 
greainess.”’—If we would enter with spirit into 
such elevated strains of piety, we must not con- 
tent ourselves with a passing and vacant stare at 
the orbs of heaven, as if they were only so many 
brilliant studs fixed in the canopy of the sky; but 
must “ consider’ them with fixed attention, in all 
the lights in which revelation and science have 
exhibited them to our view, if we wish to praise 
God for his mighty works, and “ according to his 
excellent greatness.” And, for this purpose, the 
conclusions deduced by those who have devoted 
themselves to celestial investigations, ought to 


; be presented to the view of the intelligent Chris- 


tian, that he may be enabled to “speak of the 
glory of Jehovah’s kingdom, and to talk of his 
power.” 


NATURAL PHILOSOPHY. 
Having, in the preceding skétches, considerably 
exceeded the limits originally prescribed for this 
department of my subject, lam reluctantly com- 
pelled to dispatch the remaining sciences with a 
few brief notices. 
_ The object of Natural Philosophy is, to observe 
and describe the phenomena of the material uni- 
verse, with aview to discover their causes, and 
the laws by which the Almighty directs the move- 
ments of all bodies in heaven and on earth. It 
embraces an investigation of the laws of gravita- 
tion. by which the planets are directed in their 
motions; the laws by which water, air, light, and 
heat, are regulated, and the effects they produce 
in the various states in which they operate; the 
nature of colors, sounds, electricity, galvanism, 
and magnetism, and the laws of their operation; 
the causes which operate in the production of 
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thunder, lightning, luminous and fiery meteors, ; useful Arts, “the wilderness and the solitary 
hail, rain, snow, dew, and other atmospherical| place are made glad, and the desert rej ices and 
phenomena. In short, it embraces all the objects | blossoms as the rose.” Cities are founded, and 
of Natural History formerly alluded to, with a | gradually rise to opulence and splendor; palaces 
view to ascertain the causes of their varied ap- | and temples are reared; the damp cavern, and the 
pearances, and the principles that operate in the | rush-built hut, are exchanged for the warm and 
changes to which they are subject; or, in other | comfortable apartments of a substantial mansion; 
words, the laws by which the diversified phenome- | ships are built, and navigated across the ocean; 
na, of universal nature are produced and regu- | the treasures of one country are conveyed to an- 
lated. One subordinate use of the knowledge | other; an intercourse is carried on between the 
derived from this science, is, to enabie us to con- | most-distant tribes of mankind; commerce flour- 
struct all those mechanical engines which facili- | ishés, and machinery of all kinds is erected for 
tate human labor, and increase the comforts of | facilitating human labor, and promoting the 
mankind, and all those instruments which tend to |enjoyments of ‘man. And, when the princi- 
enlarge our views of the operations of nature. A|ples and the practice of “pure and undefiled 
still higher and nobler use to:which philosophy is | religion’? accompany these physical and me- 
subservient, is to demonstrate the Wisdom and|chanical operations, love and affection diffuse 
Intelligence of the, Great First Cause of all|their benign influence; the prospect brightens 
things, and to enlarge our concéptions of the |as years‘roll on, and man advances, with plea- 
admirable contrivance and design which appear in | sure and improvement, to the scene of his high 


the different departments of universal nature. In 
this view, it may bé considered as forming a 
branch of Natural Theology, or, in other words, 
a branch of the religion of angels, and of all 
other holy intelligences. 

‘This department of natural science has gene- 
rally been divided into the following branches:— 

I. Mecuanics.—This branch, considered in its 
most extensive range, includes an investigation of 
the general properties of matter; such as solidity, 
extension, divisibility, motion, attraction, and re- 
pulsion—the law of gravitation, and of central 
forces, as they appear to operate in the motions 
of the celestial bodies; and on the surface of a: 
globe, in the phenomena of ‘falling bodies, the 
motions of projectiles, the vibration of pendu- 
lums, ete.,—the theory of machines, the princi- 
ples on which their energy depends; the proper- 
ties of the mechanical powers—the lever, the wheel 
and azle, the pulley, the inclined plane, the wedge, 
and the screw,—and the effects resulting from 
their various combinations. From the investiga- 
tions of philosophers on these subjects, we learn 
the laws by which the great bodies of the uni- 
verse are directed in their motions; the laws 
which bind together the different portions of mat- 
ter on the surface of the earth, and which regu- 
late the motions of animal, vegetable, and in- 
animate nature; and the principles g which 
cranes, mills, wheel-carriages, thrashing-ma- 
chines, pile-engines, locomotive carriages, and 
other engines, are constructed; by means of 
which man has been enabled to accomplish 
operations far beyond the limits of his. own 
physical powers. 


Without a knowledge of the laws of motion, and | ’ 


assistance from the combined effects of the me- 
chanical powers, man would be a very limited 
being, his enjoyments would be few, and his ac- 
tive energies confined within a very narrow 
range. In asavage state, ignorant of manufac- 
tures, agriculture, architecture, navigation, and 
the other arts which depend upon mechanical 
combinations, he is exposed, without shelter, to 
the inclemencies of the seasons; he is unable to 
transport himself beyond seas and oceans, to visit 
other climes, and other tribes of his fellow-men; 
he exists in the desert, comfortless and unimprov- 
ed; the fertile soil, over which he roams, is cov- 
ered with thorns and briers, and thickets, for the 
haunt of beasts of prey; his enjoyments are little 
superior to those of the liou,,the hyena, and the 
elephant, while he is much their inferior in point 
of agility and physical strength. But, when phi- 
losophy has once demonstrated. the principles of 
Mechanics, and introduced the practice of the 


destination. 

If. Hyprosratics treats of the pressure and 
equilibrium of fluids. From the experiments 
‘which have been made in this branch of philoso- 
phy, the following important principles, among 
many others, have been deduced:— 

(1.) That the surface of all waters which have a 
communication while they are at rest, will be per- 
fectly level—This principle will be more clearly 
understood by an inspection of the following 
figures. If water be poured into the tube A (fig. 
24), it will run through the horizontal tube E, 
and rise in the opposite tube B, to the same hight 
at which it stands at A. It is on this principle 
that water is now conveyed under ground, through 
conduit pipes, and made to rise to the level of the 
fountain whence it is drawn. The city of Edin- 
burgh, a considerable part of which is elevated 
above the level of the surrounding country, is 
supplied with water from a reservoir on the Pent- 
land hills,several miles distant. The water is con- 


Fig. 24. 
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‘veyed in leaden pipes down the declivity of the 
hill, along the interjacent plain, and up to the en- 
trance of the castle, whence it is distributed to all 
parts of the city. If the point A represent the 
level of the reservoir, © D will represent the plain 
along which the water is conveyed, and B the 
elevation to which it rises on the Castle-hill. On 
the same principle, and in a similar manner, the 
city of London is supplied with water from 
water-works at the London bridge. Had the 
ancients been acquainted with this simple, but 
important principle, it would have saved them the 
labor and expense of rearing those stupendous 





|works of art, the Aqueducts, which consisted of 
numerous arches of vast size, and sometimes 
piled one above another. 

Fig. 25 represents the syphon, the action of 
which depends upon the pressure of the atmo- 
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sphere. If. this itistrumerit;is again supplied to the hight of. the syphon, 
be filled with water, or any | when the process of filling will be again renewed. 
other liquid, and the shorter | It is ob unless the water in the reservoir 
leg G plunged to the bot-| rises above the hight of the bend of the syphon 
tom of a cask, or other vessel| E, the well cannot be filled. 
containing the same liquid,| (2.) Any quantity of fluid, however small, may 
the water will run out at the | be made to counterpoise any quantity, however large 
longer leg F, until the vessel | This is what has generally been termed the \Hy- 
be emptied, in consequenée | drostatical Paradox; and from this principle it 
of the atmospheric pressure | follows, that a given quantity of water may exert 
upon the surface of the liquid. | a force several hundred times greater or less, ac- 
On this principle water may cording to the manner in which it is employed. 
be conveyed over a rising | This force depends on the hight of the column of 
ground to any distance, pro-| water, independent of its quantity; for its pres- 
vided the perpendicular hight |swre depends on its perpendicular hight. By 
of the syphon above the sur- | means of water conveyed through a very small 
face of the water in the foun- | perpendicular tube, of great length, a very strong 
tain does not exceed thirty-. hogshead has been burst to pieces, and the water 
two or thirty-three feet. On| scattered about with incredible force. On this 
the same principle are con- | principle, the hydrostatic press, and other engines 
structed the fountain at com- | of immense power, have been coustructed. 
mand, the cup of Tantalus, and other entertaining (3.) Every body which is heavier than water, or 
devices. The same principle, too, enables us to which sinks in it, displaces so much of the water as 
account for springs which are sometimes found on | is equal to the bulk of the body immersed in the 
the tops of mountains, and for the phenomena of | wafer—On this principle, the specific gravities, 
intermitting springs, or those which flow and stop | or comparative weight, of all bodies are determin- 
by regular alternations. ed. It appears to have been first ascertained by 
The following figure will explain the nature of | Archimedes, and by means of it, he determined 
intermitting springs. Suppose A Ba cavity or; that the golden crown of the king of Syracuse 
receptacle of water formed in the bowels of a hill | had been adulterated by the workmen. From this 
where the spring is situated, which gradually fills | principle we learn, among many other things, the 
with water like other reservoirs, and that by the | specific gravity of the human body; and that 
interposition of some stratum of rock or other four pounds of cork will preserve a person weigh- 
substance, the tube C D, which conveys the water ing 135 pounds from sinking, so that he may re- 
to the spring or mouth where it issues—is bent | main with his head completely above water. 








in the form of a syphon; whenever the reservoir| Hydraulics, which has sometimes been treated 
A B is filled as high as the bend of the tube, or | as adistinct department of mechanical philosophy, 
to the level of hi, the water will rise in the tube,}| may be considered as a branch of Hydrostatics. 
aud begin to flow into the spring, which will con- It teaches us what relates to. the motion of Jluids, 
tinue until the reservoir be exhausted. While and how to estimate their velocity and force On 
this process is going on, the water in the spring the principles of this science, all machines work- 
will rise, and as soon as the reservoir is exhausted, ed by water are constructéd——as steam-engines, 
the water will appear to fall in the well of the water-mills, common and forcing pumps, syphons, 
spring, and will continue to fall until the reservoir fountains, and fire-engines. 


Fig. 26. 
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IL. Pyeumatios— This branch of philosophy | of flame and animal life,.and the germination and 
treats of the nature and properties of the atmo-! growth of all kinds of vegetables. 
sphere, and of their effects on solid and fluid bo-| These positions are proved and illustrated by 
dies. From this science we learn that air has | such experiments as the following:—The general 
wetght, and presses on all sides li other fluids; | pressure of the atmosphere is proved by such ex- 
that the pressure of the atmosphere upon the top of periments as those detailed in Note II of the Ap- 
a mountain is less than on the plain beneath; that | pendix. The following experiment proves’ that 
it presses upon our bodies with the weight of seve- | air is compressible. If a glass tube, open at one 
ral thousand pounds more at one time than-at an- | end, and close at the other, be plunged, with the 
other; that air can be compressed into forty thou- | open end downward, into a tumbler of water the 
sand times less space than it naturally occupies; | water will rise a little way in the tube; which 
that it is of an elastic or expansive nature, and | shows, that the air which filled the tube is com- 
that the force of its spring is equal to its weight; | pressed by the water into a smaller space. The 
that its elasticity is increased by heat; that it’ is elasticity of air is proved by tying up a blad- 
necessary to the production of sound, the support | der, with a very small quantity of air within it, 
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and putting it under the receiver of an air-pump, 
when it will be seen gradually to inflate, until it 
becomes of its full size. A similar effect would 
take place, by carrying the bladder to the higher 
regions of the atmosphere. On the compression 
and elasticity of the air, depends the construction 
of that dangerous and destructive instrument, the 
Air-gun. ‘That it is capable of being rarefied by 
heat, is proved by holding to the fire a half-blown 
bladder, slightly tied at the neck, when it will di- 
late to nearly its full size; and if either a full 
blown bladder, or a thin glass bubble filled with 
air, is held to a strong fire, it will burst. The 
elasticity of the air is such, that Mr. Boyle, by 
means of an air-pump, caused it to dilate until it 
occupied fourteen thousand times the space that it 
usually does. That the air is necessary to sound, 
flame, animal and vegetable life, is proved by the 
following experiments:—W hen the receiver of an 
air-pump is exhausted of its air, a cat, a mouse, 
or a bird, placed in it, expires in a few moments, 
in the greatest agonies. A bell rung in the same 
situation produces no sound; and a lighted candle 
is instantly extinguished. Similar experiments 
prove that air is necessary for the flight of birds, 
the ascent of smoke and vapors, the explosion of 
gunpowder, and the growth of plants; and that 
all bedies descend equally swift in a place void of 
air; a guinea and a feather being found to fall to 
the bottom of an exhausted receiver at the same 
instant. 

On the principles which this science has estab- 
lished have been constructed the air-pump, the 
barometer, the thermometer, the diving-bell, the 
hygrometer, the condenser, and various other in- 
struments, which have contributed to the comfort 
ef human life, and to the enlargement of our 
knowledge of the constitution of nature. 

IV. Acoustics.—This science treats of the na- 
ture, the phenomena, and the luws of sound, and 
the theory of musical concord and harmony.— 
From the experiments which have been made on 
this subject, we learn, that air is essential to the 
production of sound; that it arises from vibra- 
tions in the air, communicated to it by vibrations 
of the sounding body; that these vibrations, or 
aerial pulses, are propagated all around in a sphe- 
rical undulatory manner; that their density de- 
creases as the squares of the distances from the 
sounding body increase; that they are propagated 
together in great numbers from different bodies 
without disturbance or confusion, as is evident 
from concerts of musical instruments; that water, 
timber, and flannel, are also good conductors of 
sound; that sound travels at the rate of 1142 feet 
in a second, or about thirteen miles in a minute;* 
that the softest whisper flies as fast as the loudest 
thunder; and that the utmost limits, within which 
the loudest sounds, produced by artificial means, 
can be heard, is 180 or 200 miles;+ that sound, 





* The velocity of sound has been somewhat differently 
estimated by different experimenters, Mr. Boyle estimated 
its velocity at 1200 feet; the Florentine Academicians at 
1148 feet; the French Academicians at 1172 feet per second. 
It is reckoned by some modern philosophers that 1120 feet 
per second may be reckoned as a medium estimate. The 
experiments of Flamstead, Halley, and Derham, which 
were considered as having been accurately performed, give 
1142 feet per second, as the average velocity of sound— 
which is sometimes modified by the direction of the wind 
and local circumstances, 

+ In the war between England and Holland, in 1672, the 
noise of the guns was heard in those parts of Wales which 
were estimated to be two hundred miles distant from the 
scene of action. But the sounds produced by volcanoes 
have been heard at a much greater distance; some instances 
of which are stated in Chap. IV, Sect, 2. Several other 
facts, in relation to sound are detailed in Chap. II, Art. 
Acoustic Tunnels. 
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striking against an obstacle, as the wall of a 
house, may, like light, be reflected, and produce 
another sound, which is called an echo; and that, 
after it has been reflected from several places, 
it may be collected into one point or focus, where 
it will be more audible than in any other place. 
The intensity of sound increases or diminishes 
when the elasticity of the air increases or dimin- 
ishes, either by heat or by compression. Hence, 
in proportion as the air is rarefied under the re- 
ceiver of an air-pump, or in the ascent of lofty 
mountains, sound loses its force. Air communi- 


lcates its vibrations to the sonorous bodies with 


which it is in contact. Hence a string of an in- 
strument causes another stretched beside it to vi- 
brate. A noise without makes the windows of an 
apartment to resound, and the discharge of can- 
nons, and peals of thunder, cause buildings, and 
even whole villages to shake. Euler'tells us of a 
man who, by different inflections of his voice, 
made a glass vibrate so as almost to break it.— 
When the velocity of sound is known, the dis- 
tance of certain objects may be determined. Ifa 
flash of a gun be observed, and the number of 
seconds or pulsations which elapse between seeing 
the flash and hearing the report, be counted, this 
number multiplied by 1142, the assumed velocity 
of sound per second, will give the distance of the 
observer from the center of vibration. If, in a 
thunder storm, I ean count five pulsations, from 
the instant of seeing the lightning until the report 
of the thunder be heard, the distance of the thun- 
der cloud will be 11425=5710 feet, that is, an 
English mile and 430 feet. Were the thunder to 
be heard within a second of the time of seeing 
the flash, it would indicate that the thunder was 
within 380 yards of the observer, and conse- 
quently,'that he is within the sphere of danger.— 
In estimating such distances 414 seconds, at an 
average, may be reckoned for every mile. 

On the principles above stated we may account 
for the various phenomena of sounds and the di- 
versified echoes which are heard in various places, 
which both amuse and sometimes puzzle the ob- 
servers—and on the same principles whispering 
galleries, such as that in St! Paul’s church, Lon- 
don, speaking and hearing trumpets—wind and 
stringed instruments—the Harmonica Celestina, 
and other acoustic instruments, are constructed. 

V. Optics—This branch of philosophy treats 
of vision, light, and colors, and of the various 
phenomena of visible objects produced by the 
rays of light, reflected from mirrors, or transmit- 
ted through lenses. From this science we learn, 
that light flies at the rate of nearly twelve mil- 
lions of miles every minute— that it moves in 
straight lines—that its particles may be several 
thousands of miles distant from each other—that 
every visible body emits particles of light from 
its surface, in all directions—that the particles of 
light are exceedingly small; for a lighted candle 
will fill a cubical space of two miles every way 
with its rays, before it has lost the least sensible 
part of its substance; and millions of rays, from 
a thousand objects will pass through a hole not 
larger than the point of a needle, and convey to 
the mind an idea of the form, position, and color, 
of every individual object—that the intensity, or 
degree of light decreases, as the square of the dis- 
tance from the luminous body increases; that is, 
at two yards distance froma candle, we shall have 
only the fourth part of the light we should have 
at the distance of one yard; at three yards dis- 
tance, the ninth part; at four yards, the sixteenth 
part, and so on—that glass lenses may be ground 
into thefollowing forms: plano-convex, planokcon - 


"od 


as 
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cave, double convex, double concave, and ‘meniscus, 
that is, convex on one side, and concave on the 
other—that specula, or mirrors, may be ground 
into either a spherical, parabolical, or cylindrical 
form—that, by means of such mirrors and lenses, 
the rays of light may be so modified as to proceed 
either in a diverging, converging, or parallel direc- 
tion, and the images of visible objects represented 
in a variety of new forms, positions, and magnt- 
tudes,—that every ray of white light may be sepa- 
rated into seven primary colors: red, orange, yel- 
low, green, blue, indigo, and violet-—that the varie- 
gated coloring which appears on the face of na- 
ture is not in the objects themselves, but in the 
light which falls upon them—that the rainbow is 
produced by the refraction and reflection of the 
solar rays in the drops of falling rain—that the 
rays of light are refracted, or bent out of their 
course, when they fall upon giass, water, and 
other mediums—that the light of the san may be 
collected into a point or focus, and made to pro- 
duce a heat more intense than that of a furnace*+— 
that the rays from visible objects, when reflected 
from a concave mirror, converge to a focus, and 
paint an image of the objects before it, and that 
when they pass through a convex glass, they de- 
pict an image behind it. 

On these and other principles demonstrated by 
this science, the Camera Obscura, the Magic Lan- 
tetn, the Phantasmagoria, the Kaleidoscope, the 
Heliostata, the Micrometer — Spectacles, Opera 
Glasses, Prisms, single, compound, lucernal, and 
solar Microscopes, reflecting and refracting Tele- 
scopes, and other optical instruments, have been 
constructed, by means of which the natural pow- 
ers of human vision have been wonderfully in- 
creased, and our prospects into the works of God 
extended far beyond what former ages could have 
conceived. 

Connected with the science of Optics, it may 
be proper to notice a late discovery for fixing the 
images formed by convex lenses, distinguished by 
the name of the Dacurrreotyre. Almost every 
one knows the effects produced by the Camera 
Obscura. A convex glass placed in an opening 
in a window-shutter in a dark room, or in a box 
constructed for the purpose, forms, on a white 
screen, placed af its focal distance, a beautiful pic- 
ture of all the objects which are opposite to it, 
in their exact proportions, symmetry, and colors. 
But this picture evanishes the moment the lens 
or the screen is removed. The Daguerreotype is 
an art by which this picture or image may be 
rendered permanent. It derives its name from M. 
Daguerre, a member of the French Academy of 
Wine Arts, who was in partnership with M. Nei- 





«This is produced by means of lenses, or mirrors, of a 
large diameter, called burning-glasses. By these instru- 
ments, the hardest metals, on which common fires, and 
even glass-house furnaces, could produce no effect, have 
been melted in a few seconds. M., Villette a Frenchman, 
nearly a century ago, constructe” a mirror, three feet eleven 
inches in diameter, and three feet two inches in focal dis- 
tance, which melted copper ore in eight seconds, iron ore 
in twenty-four seconds, a fish’s tooth in thirty-two seconds, 
cast iron in sixteen seconds, asilver sixpence in seven se- 
conds, and tin in three seconds. This mirror condensed the 
solar rays 17,257 times, a degree of heat which is about four 
hundred and winety times greater than common fire. Mr. 
Parker, of London, constructed a lens three feet in diameter, 
and six feet eight inches focus, which weighed 212Ibs. It 
melted twenty grains of gold in four seconds, and ten grains 
of platina in three seconds, The power of burning-glasses 
is, as the area of the lens directly, and the square of the 
focal distance inversely—or, in other words, the broader the 
mirror or lens, and the shorter the focal distance, the more 
intense is the heat produced by such instruments. A globu- 
lar decanter of water makes a powerful burning-glass; and 
house furniture has been set on fire, by incautiously exposing 
it_to the rays of the sun, 
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per, who, as early as 1814, had commenced re- 
searches on this subject; but Daguerre had given 
up the idea of Being able to bring his methods to 
perfection, until about the year 1838, when the 
effects produced by his art began to excite a con- 
siderable degree of attention; and as a reward for 
disclosing the process and publishing it to the 
world, the French government bestowed on the 
inventor and his partner an annuity of ten thou- 
sand francs (£416 13s. 4d.): M. Arago, when 
alluding to this discovery, has the following re- 
mark: “No person has ever witnessed the neat- 
ness of outline, precision of form, the truth of 
coloring, and the sweet gradations of tint, dis- 
played by the Camera, without regretting that an 
imagery so exquisite and so faithful. to nature 
could not be made to fix itself permanently on 
the tablet of the machine—who has not put up 
his aspiration that some means might be disco- 
vered by which to give reality to shadows so 
lovely! Yet in the estimation of all, such a wish 
seemed destined to take its place among other 
dreams of beautiful things—among the glorious 
but impracticable conceptions in which men of 
science and ardent temperament have sometimes 
indulged. This dream, notwithstanding, has just 
been realized.” 

Our limits will not permit to give a detail of 
the process by which the effect now stated is pro- 
duced. We shall just state the following general 
outline—The designs taken by the Daguerreo- 
type are executed upon thin plates of silver plated 
on copper. ‘The silver must be of the purest 
kind, and the thickness of both metals not to ex- 
ceed that of a stout card. Before placing it in 
the Camera the following operations are requisite: 
1. The plate must be cleansed and highly polish- 
ed. For this purpose a little of fine pumice pow- 
der is put into a muslin bag and shaken over the 
plate, and it is then rubbed gently with cotton 
dipped in olive oil. Diluted nitric acid is then 
rubbed over the plate with cotton, and then rub- 
bed again with pumice and dry cotton; and 
afterward the plate is to be subjected to a 
strong heat. 2. The plate has to receive a 
coating of Iodine. To accomplish this the 
plate is fixed upon a board, and then put into a 
box containing a little dish with iodine divided 
into small pieces, and allowed to remain until it 
is covered with a gold-colored coating, which pro- 
cess must be conducted in a darkened apartment 
3. The Camera is next placed in the front of the 
landscape or object, and as soon as the focus is 
adjusted, the light is excluded, and the plate put 
in, when, in the course of a few minutes, and in 
some Cases, in a few seconds, a perfect picture or 
design is obtained. I have seen a portrait of an 
individual taken in this way in the course of half 
aminute. 4. The plate is next placed over the 
vapor of mercury to bring out the image, which 
is not visible when withdrawn from the Camera 
The image is not visible until after the lapse of 
several minutes. 5. The coating on which the 
design was impressed is to be removed in order to 
preserve it from being decomposed by the rays of 
light. ‘To do this, the plate is placed in a trough 
containing common water, plunging and with- 
drawing it immediately, and then plunging it into 
a solution of salt and water until the yellow coat- 
ing has disappeared. 

Such is a very abridged sketch of the photoge- 
nic operations of M. Daguerre. When finished 
ina perfect way, the designs thus taken on the 
plate are exceedingly beautiful and correct, and 
will bear to be inspected with a considerable mag- 
nifying power, so that the most minute portions 
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of the objects delineated may be perceived; and it 
has been discovered that an etching of the design 
can be taken in the common way, and from that 
again any number of electrotype copies can be 
produced. M. Claudet, the patentee of this inven- 
tion at the Adelaide gallery, London, has made 
several improvements, particularly in taking like- 
nesses. He is now enabled to take a likeness in 
one second, and even less—in the twinkling of an 
eye, and to give the portraits so made any back- 
ground that may be desired. 

This invention may be considered as still in its 
infancy; but in the course of its improvement, 
its results may be highly beneficial and extensive. 
To use the words of Arago: “To copy the mil- 
lions of millions of hieroglyphics, which entirely 
cover to the very exterior of the great monuments 
at Thebes, Memphis, Carnoe, etc., would require 
scores of years and legions of artists. With.the 
Daguerreotype a single man would suffice to bring 
to a conclusion this vast labor; and at the same 
time, such designs shall incomparably surpass 
in fidelity, in truth of local color, the works of 
the ablest artists.’ It is probable, too, that this 
art may be applied to taking exact pictures of the 
heavenly bedies—not only of the sun, but even 
of the moon, the planets, and the stars. The 
plated discs prepared by Daguerre receive impres- 
sions from the action of the lunar rays to such 
an extent as permits the hope that photographic 
charts of the moon may soon be obtained. Nor 
is it perhaps too much to expect that the rays of 
the stars—even of distant nebule may thus be 
fixed and a delineation of their objects produced 
which shall be capable of being magnified by 
powerful microscopes.—This invention leads us 
to conclude that we have not yet discovered all 
the wonderful properties of that Licur which 
unvails to us the beauties and sublimities of the 
universe; and that thousands of admirable agencies 
and objects hitherto unknown, may soon be dis- 
closed to our view through this medium, as we 
advance in our researches and discoveries. 

VI. Exxzcrriciry—This name has been given 
to a science which explains and illustrates the 
operations of a very subtile fluid, called the electric 
fluid, which appears to pervade every part of na- 
ture, and to be one of the chief agents employed 
in producing many of the phenomena of the ma- 
terial world. If a piece of amber, sealing-wax, 
or sulphur, be rubbed with a piece of flannel, it 
will acquire the power of attracting small bits of 
paper, feathers, or other light substances. If a 
tube of glass, two or three feet in length, and an 
inch or two in diameter, be rubbed pretty hard, 
in a dark room, with a piece of dry woolen cloth, 
beside attracting light substances, it will emit 
flashes of fire, attended with a crackling noise. 
This luminous matter is called electricity, or the 
elestric fluid. If a large globe, or cylinder of 
glass, be turned rapidly round, and made to rub 
against a cushion, streams and large sparks of 
bluish flame will be elicited, which will fly round 
the glass, attract light bodies, and produce a pun- 
gent sensation, if the hand be held to it. This 
glass, with all its requisite apparatus, is called an 
electrical machine. It is found that this fluid will 
pass along some bodies, and not along others. The 
bodies over which it passes freely are water, and 
most other fluids, except oil and the aerial fluids; 
iron, copper, lead, and in general all the metals, 
semi-metals, and metallic ores; which are there- 
fore called conductors of electricity. But it will 
not pass over glass, resin, wax, sulphur, silk, 
baked woods, or dry woolen substances; nor 
through air, except by force, in sparks, to short 
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distances. These bodies are therefore called non- 
conductors. ce 

The following facts, among others, have’ been 
ascertained respecting this wonderful agent :—. 
That all bagies with which we are acquainted 
possess a greater or less share of this fluid—that 
the quantity usually belonging: to any body pro- 
duces no sensible effects; but when any surface 
becomes possessed of more or less than its natural 
share, it exhibits certain appearances in the form 
of light, sound, attraction, or repulsion, which 
are ascribed to the power called electric — that 
there are two different species of the electrical 
fluid, or at least two different modifications of the 
same general principle, termed positive and nega- 
twwe electricity—that positive and negative elec- 
tricity always accompany each other; for if a 
substance acquire the one, the body with which 
it is rubbed acquires the other—that it moves 
with amazing rapidity, having been transmitted 
through wires of several miles in length, without 
taking up any sensible space of time; and there- 
fore it is not improbable, that were an insulated 
conducting substance extended from one conti- 
nent to another, it might be made to fly to the 
remotest regions of the earth in a few seconds of 
time *—that it has a power of suddenly contract- 
ing the muscles of animals, or of giving a shock 
to the animal frame—that this shock may be 
communicated, at the same instant, to a hundred 
persons, or to any indefinite number who form a 
circle, by joining their hands together—that it 
may be accumulated to such a degree as to kill 
the largest animals—that vivid sparks of this 
fluid, attended with a crackling noise, may be 
drawn from different parts of the human body, 
when the person is insulated, or stands upon a 
stool supported by glass feet—that electricity sets 
fire to gunpowder, spirits of wine, and other in- 
flammable substances—that it melts iron wire 
and destroys the polarity of the magnetic needle— 
that it augments the natural evaporation of fluids, 
promotes the vegetation of plants, and increases 
the insensible perspiration of animals; and can be 
drawn from the clouds by means of electrical 
kites, and other elevated conductors. By means 
of the electrical power, small models of machinery 
have been set in action; orreries to represent the 
movements of the planets have been put in 
motion; and small bells have been set ringing fora 
length of time; and, in consequence of the know-- 
ledge we have acquired, of the mode of its opera~- 
tion in the system of nature, the lightnings of* 
heaven have been arrested in their course, and 
constrained to descend to the earth, without pro-- 
ducing any injurious effects. 

From these, and a variety of other facts and 
experiments, it is now fully ascertained, that light= 
ning and electricity are identical; and that it is 
the prime agent in producing the awful phemo- 
mena of a thunder-storm; the lightning being the 
rapid motion of vast masses of electric matter, 
and thunder the noise, with its echoes, produced 
by the rapid motion of the lightning through the 
atmosphere.—There can be little doubt that in 
combination with steam, the gases, and other 
agents, it also produces many of the terrific phe- 
nomena of earthquakes, volcanoes, whirlwinds, 
water-spouts, and hurricanes, and the sublime 
coruscations of the aurora borealis——In the ope- 
rations of this powerful fluid, we behold a strik- 
ing display of the sovereignty and majestic agency 
of God. Jn directing its energies, “his way is in 
the whirlwind and the storm, and the clouds are 





* See Chap. UI, Art. Exectric TeLecrara. 
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the dust of his feet; the heavens are covered with 
sackcloth, the mountains quake before him, the 
hills melt, the earth is burned at his presence, and 
rocks are thrown down by him.”’* It is easy to 
conceive, that by a few slight es ths po pro- 


duced by.the hand Omnipe ence, s powerful 
fluid might become the agent of producing either 
the most awful and tremendous, or the most glo: 

rious and transporting scenes, over every region 
of our globe. As it now operates, it is calculated 
to inspire us rather with awe and terror than with 
admiration and joy; and to lea our thoughts to a 
consideration of the state of man as a depraved 
intelligence, and a rebel against the government 
of his Maker. 

Electricity is rapidly extending its boundaries, 
and its influence as an important agent in the 
arts; and, as yet, we can form no adequate con- 
ception of the results which may flow from the 
investigations into its nature, combinations, and 
applications, which are now making by the scien- 
tific world, or of the powerful effects it may pro- 
duce, when thoroughly wielded by the hand of 
genius. It has already been applied to many 
useful purposes—to remove obstructions in the 
human frame—to cure diseases—to ascertain the 
depths of the sea—to produce explosions for 
effecting mechanical operations,—and for convey- 
ing intelligence at the rate of 192,000 miles in a 
second. Among its recent applications is the pro- 
cess of copying with perfect accuracy engraved cop- 
perplates, medals, seals, etc—and of gilding, pla~ 
ting, and etching, with great beauty and precision. 
This art has been denominated Exscrrotyrer, and 
was discovered by Mr. Thomas Spencer, of Liver- 
pool, in 1839. It was also discovered on the 
Continent by Professor Jacobi. .The materials 
recommended by him for forming the molds on 
which impressions are taken are fusible medal, 
wax, and stearine. When a copy is taken from 
any copperplate or medal, any number of copies 
can be produced equally as good as the first. The 
process is simple, but our limits will not permit 
toenter into its details. The reader will find a 
short description of the process in Chambers’ 
“Information for the People,’ No. 57, Art. Elec- 
tricity, etc., and in the “ Practical Mechanic and 
Engineer’s Magazine,’’ vol. i, p. 227. 

An important combination of the Electrotype 
with the Daguerreotype process has lately been 
discovered, which promises to lead to some im- 
portant results. A Daguerreotype picture can be 
produced in the ordinary way, as formerly de- 
scribed—it can be etched according to the present 
process, and from this etching an indefinite num- 
ber of electrotype copies can be obtained. As an 
illustration of the perfection attendant on this 
process, the inventor states that, from a Daguer- 
reotype plate which had on it a sign-board mea- 
suring 1-10th by 6-100ths of an inch, five lines 
of the inscription can be distinctly read by the 
aid of a microscope applied to the electrotype 
copy. So that, as the author remarks, “ instead 
of a plate being inscribed as drawn by Landseer, 
and engraved by Cousins, it may be said, drawn 
by Light and engraved by Electricity.” 

VII. Gatyanism is intimately connected with 
electricity, though it is generally considered as a 
branch of Chemistry. It is only another mode 
of exciting electrical action. In electricity the 
effects are produced chiefly by mechanical action; 
but the effects of Galvanism are produced by the 
chemical action of bodies upon each other. If 
we take a piece of zinc, and place it under the 





* Nahum, i, 3-6. 
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tongue, and, lay a piece of silver, as big as a half-. 
crown, above my bringing the outer edges of 
these pieces in contact, we shall immedidtely ex- 
perience a peculiar and disagreeable taste, like 
that of copper. The same thing may be noticed 
with a guinea and a piece of charcoal. If a per- 


‘son, in the dark, put a slip of tinfoil upon one of 


his eyes, and a piece- of silver in his mouth, by 
causing these pieces to communicate, a faint flash 
will appear before his eyes. If a living frog ora 
fish, having a slip of tinfoil pasted upon its back, 
be placed upon a piece of zinc, by forming a com- 
municati between the zinc and tinfoil, the 
spasms of the muscles ate excited. These and’ 
similar effects are produced by that modification 
of electricity which has been termed Galvanism. 
Three different conductors, or what is called a 
galvanic circle, are requisite to produce such ef- 
fects. A piece of copper, a piece of flannel, 
moistened gh water or acid, and a piece of zine, 
laid upon one another, form a circle; and if this 
circle be repeated a number of times, a galvanic 
pile or battery may be formed, capable of giving 
a powerful shock. The most common and con- 
venient form, however, of a battery, is found to 
be a trough of baked wood, three or, four inches 
deep, and as many wide. In the sides are 
grooves, opposite to each other, into each of 
which is placed a double metallic plate of zine 
and copper soldered together, and the cells are 
then filled either with salt and water, or with a 
solution of nitrous acid and water. 

By means of the galvanic agency, a variety of 
surprising effects have been produced. Gunpow- 
der, cotton, and other inflammable substances 
have been inflamed—charcoal has been made to 
burn, with a most brilliant and beautiful white 
flame—water has been decomposed into its ele- 
mentary parts—metals have been melted and set 
on fire—fragments of diamond, charcoal, and 
plumbago, have been dispersed, as if they had 
been evaporated—platina, the hardest and heaviest 
of the metals, has been melted as readily as wax 
in the flame of a candle—the sapphire, quartz, 
magnesia, lime, and the firmest compounds in 
nature, have been made to enter into fusion.—Its 
effects on the animal system are no less surpris- 
ing. When applied to a fowl or a rabbit, imme- 
diately after life is extinct, it produces the most 
strange and violent convulsions on the nervous 
and muscular system, as if the vital functions 
were again revived: and when applied to the hu- 
man body after death, the stimulus has produced 
the most horrible contortions and grimaces in the 
muscles of the head and face; and the most rapid 
movements in the hands and feet. 

Numerous experiments which have been made 
both on dead animals and on human subjects, 
have led to the conclusion that galvanism pos- 
sesses some sanative as well as energetic influence 
on the actions of diseased living beings. It has 
been found to effect cures, and to afford relief in 
nervous disorders. It has not only been used to 
cure the afflicted living, but also to resuscitate 
the apparently dead; and in all cases of suspended 
animation, from accidents or otherwise, it has 
been found to be a test of vitality, and the surest 
criterion of recent death. A celebrated medical 
writer on this subject, in Berlin, strongly recom- 
mends its use_in rheumatism, palsies, nervous. 
deafness, hoarseness, debility of sight, white swell- 
ings of the joints, tumors in the glands of the 
neck, and several other disorders. Jt is found 
that it possesses not only a stimulating power 
over the nerves and muscles, but also over the 
vital forces, M. Spronger, of Jena, gives an ac- 
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count of his having restored the sense of hearing 
to 45 persons, by means of this Geeulet agent— 
to four of whom he also restored the sense of 
smelling.—Galvanism has been lately employed as 
a powerful agent for blasting rocks. At Glasgow, 
and several other places, its agency has been ap- 
plied with great success. At one blast hundreds 
of tons of stones have been in a moment loosened 
from the rock. It is found that dry sand is quite 
sufficient for filling the perforation in the rock 
where the charge is placed, and that the whole 
process is unaccompanied with the smallest de- 
gree of danger, so that, by this mode of blasting, 
those accidents which have so frequently happen- 
ed to workmen employed in such operations may 
be entirely prevented. 
_ The galvanic agency enables us to account for 
the following, among other facts—Why porter 
has a different and more pleasant taste when drunk 
out of a pewter vessel than out of inliles: earthen- 
ware,—why a silver spoon is discolored when 
used in eating eggs,—why the limbs of people, 
under amputation, are sometimes convulsed by 
the application of the instruments,—why pure 
mercury is oxydized when amalgamated with tin, 
—why works of metal, which are soldered toge- 
ther, soon tarnish in the places where the metals 
are joined,—and why the copper sheathing ‘of 
ships, when fastened with iron nails, is soon cor- 
roded about the place of contact. In all these 
cases a galvanic circle is formed which produces 
the effects. We have reason to believe that, in 
combination with the discoveries which modern 
chemistry is daily unfolding, the agencies of this 
fluid will enable us to carry the arts forward to- 
ward perfection, and to trace the secret causes of 
some of the sublimest phenomena of nature. 
VIII. Macnetism.—This department of philo- 
sophy describes the phenomena and the properties 
of the loadstone, or natural magnet. ‘The natural 
magnet is a hard dark-colored mineral body, and 
is usually found in iron mines. The following 
are some of its characteristic properties:—1. It 
attracts iron and steel, and all substances which 
contain iron in its metallic state. 2. If a magnet 
be suspended by a thread, or nicely poised on a 
pivot, or placed on a piece of wood, and set to 
' float in a basin of water, one end will constantly 
point nearly toward the north pole of the earth, 
and the other toward the south; and hence, these 
parts of the magnet have been called the north and 
south poles. 3. When the north pole of one mag- 
net is presented near to the south pole of another, 
they will attract each other; but if the north pole 
of one be presented to the north pole of another, 
or a south pole to a south, they will repel each 
other. 4. A magnet placed in such a manner as 
to be entirely at liberty, inclines one of its poles 
to the horizon, and of course elevates the other 
above it. This property is called the dipping of 
the magnet. 5. Magnets do not point directly 
north and south; but in different parts of the 
world with a different declination eastward or 
westward of the north: it is also different at the 
same place at different times. In London, and in 
most places of Great Britain, the magnetic needle 
in 1824 pointed about 24 degrees to, the west of 
the north. For more than 160 years previously 
it had been gradually declining from the north to 
the west; but seemed then to have begun its de- 
clination to the eastward. 6. Any magnet may 
be made to communicate the properties now men- 
tioned to any piece of iron or steel. For example, 
by gently rubbing a penknife with a magnet, it 
will be immediately invested with the property of 
attracting needles, or small pieces of iron or steel. 
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7. Heat weakens the power of a magnet, and the 
gradual addition of weight increases the magnetic 
power. 8. The properties of the magnet are not 
affected either by the presence or the absence of 


air; and the magnetic attraction is not in the 
least diminis a pvahe.t erposition of any bodies 
except iron. A magnet equally ct. the 


needle of a pocket compass, when a thick board 
is placed between them, as when it is removed. 
It has been lately discovered, that the violet rays 
of the solar spectrum, when condensed with a con- 
vex glass; and made to pass along a piece of steel, 
have the power of communicating to it the mag- 
netic virtue. 

The cause which produces these singular pro- 
perties of the magnet has hitherto remained a 
mystery; but the knowledge of the polarity of the 
magnet has been applied to a most important 
practical purpose. By means of it, man has now 
acquired the dominion of the ocean, and has 
learned to trace his course through the pathless 
deep to every region of the globe. There can be 
little doubt, that magnetism has an intimate con- 
nection with electricity, galvanism, light, heat, 
and chemical action; and the discoveries which 
have been already made, and others to be expect- 
ed, from the experiments of Morichini, Oersted, 
Abraham, Hansteen, Barlow, Beaufoy, Ampére, 
and Scoresby, promise to throw some light on 
this mysterious agent, and on the phenomena of 
nature with which it is connected. 

Execrro-Macnetism—This is a new science 
founded on the connection which is now ascer- 
tained to subsist between Electricity and Mag- 
netism. In the year 1819, Professor Oersted of 
Copenhagen discovered that, when a wire conduct- 
ing electricity is placed parallel to a magnetic 
needle, properly suspended, the needle will deviate 
from its original or natural direction. 1. If the 
needle be above the conducting wire, and the posi- 
tive electricity goes from right to left, the north 
end of the needle will be moved from the observer, 
or to the west. 2. If the needle is below the wire, 
and the electricity passes as before, the north end 
of the needle will be moved toward the observer 
or to the east. 3. If the needle is in the same 
horizontal plane with the wire, and is between the 
observer and the wire, the north end of it will be 
elevated. 4. If the needle is similarly placed on 
the opposite side, the north end of it will be de- 
pressed. From these facts M. Oersted concludes, 
that the magnetical action of the electrical current 
has a circular motion round the wire which con- 
ducts it—When these experiments were com- 
menced, and repeated, and varied by other phi- 
losophers, a multitude of new facts were soon 
brought to light through the labors of Davy, 
Faraday, Ampére, Barlow, Biot, and other experi- 
menters. ‘Two very important facts were ascer- 
tained by Ampére and Davy—that the conjunc- 
tive wire itself becomes a magnet—and that 
magnetic properties might be communicated to a 
steel needle not previously possessing them, by 
placing it in an electrical current. ‘The former 
of these facts is proved by throwing iron filings 
on paper and bringing them under the wire, when 
they will immediately adhere to it, forming a tuft 
round it 10 or 12 times the diameter of the wire. 
On breaking’ the connection with the battery, 
however, they immediately fall off, proving that 
the magnetic effect depends entirely on the pas- 
sage of the electricity through the wire. The 
degree of force of the magnetic property thus 
communicatéd to the uniting wire, is considered 
by Sir H. Davy, to be proportional to the quantity 
of -electricity transmitted through it. Hence the 
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finer the wire the more powerfully magnetic was 
it rendered; and hence also a battery of very large 
plates was found to give the strongest magnetism 
to the wire connecting its poles. . : 

The following are some of the rosie of experi- 
ments which have been made on t ject ;—I1. 
The ion of the magnetized needle is greater 
or less, according to the nature of the conducting 
wire; and copper appears to be of all metals that 
which produces the most powerful effects. 2. 
The intensity of an electrical current is constant 
throughout the whole of ME oreneans wire 
whatever may be its length. 3. If two homo- 
geneous conductors be simultaneously adapted to 
the same galvantic pile—first, the absolute inten- 
sity of the current decreases in the inverse ratio 
of the square root of the length of the wire—and 
secondly, when the thickness of the wires is al- 
tered, the intensity of the current increases with 
their diameter to a certain limit, beyond which an 
increase of thickness no longer produces any 
change in the intensity of the current. 4. When 
the conjunctive wires of two distinet galvanic 
arrangements are made to approach each other, 
magnetic attractions and repulsions are observed. 
‘Two wires of copper, silver, or any other metal, con- 
necting the extremities of two galvanic troughs, 
being placed parallel to each other, and suspended 
80 as to move freely, immediately attract and repel 
each other, according as the directions of the cur- 
rents of electricity Den through them are the 
same or different.—On this experiment is founded 
the most plausible and rational theory of magnet- 
ism, namely, that it arises from the attractions and 
repulsions of currents of electricity constantly cir- 
culating round every magnet. 'This is considered 
as explaining the reason why the magnetic needle 
places itself at right angles to a wire conducting 
electricity, namely, that the electric current pass- 
ing along the wire may coincide with that circu- 
lating round the magnet. 

These, and a great number of other facts, it is 
presumed, clearly demonstrate the perfect resem- 
blance, or rather identity, of electricity and mag- 
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netism. Magnetic phenomena are thus, in fact, a | 


series of electrical phenomena, and magnetism 
may, with propriety, form a branch of electrici- 
ty, under the head of Electrical currents. Cur- 
rents of electricity, according to this theory, are 
essential to the production of magnetic phenome- 
na; but these are not obvious in a common mag- 
net. M. Ampére has suggested their existence, 
however, and has so arranged them theoretically, 
as to account for a great proportion of magnetic 
appearances. A maguet, he conceives, to be an 
assemblage of as many electrical currents moving 
round it in planes perpendicular to its axis, as 
there may be imagined lines, which, without cut- 
ting one another, form closed curves round it. A 
permanent magnet, then, may be conceived to be 
a mass of iron or steel round the axis of which elec- 
tric currents are continually circulating, and these 
currents attract all other electric currents flowing 
in the same direction, and repel all others which are 
moving in an opposite direction. One important 
circumstance is always to be kept in view, that 
the electric currents flow round every magnet in 
the same direction in reference to its poles. If, 
for instance, we place a magnet..with its north 
pole pointing to the north, in the usual position 
of the magnetic needle, the current of electricity 
flows round it from west to east«—or in the direc- 
tion in which the planets revolve; and the earth 
on its axis—or on the western side ef the magnet 
it is moving upward, and on the eastern side 
downward; on the upper side from west to east, 
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and on the lower side from east to west. This is 
ascertained to be a uniform law, and on these 
principles most of the phenomena of magnetism 
may be accounted for. 

To complete the view of Ampére’s doctrine on 
this point, it remains only to explain the influence 
of the earth on the magnet by which the needle 
is kept always in one position, nearly coinciding 
with the meridian. He maintains that currents 
of electricity, analogous to those which circulate 
round every magnet, are constantly floating round 
the globe,.as the current of electricity in a gal- 
vanic apparatus moves in an unbroken circuit 
from the negative to the positive pole, and from it, 
by the connecting wire, round again to the nega- 
tive pole. The direction of these currents he 
infers to be the same as has been stated with arti- 
ficial magnets; and it is simply by the attractions 
and repulsions of these terrestrial currents, bring- 
ing the currents round the needle to coincide with 
them, that the latter always points to the north. 
The cause of these electric currents thus inferred 
to be constantly circulating round the globe, is, 
as yet, involved in obscurity. They are supposed 
to move at right angles te the magnetic meridian, 
or nearly parallel with the equator, om the eastern 
side of the earth moving from us, and on the 
western side flowing toward us. It is conjectured 
that the arrangement of the materials of the 
globe may be such as to constitute a battery, ex- 
isting like a girdle round the earth, whieh, though 
composed of comparatively weak materials, may 
be sufficiently extensive to produce the effects of 
terrestrial magnetism. Its irregularity, and the 
changes it may accidentally or periodically suffer, 
may explain the phenomenon of the variation. of 
the compass;—or the general action producing 
the currents of electricity may be affected by dif- 
ferent causes, as the motions of the earth, the cur- 
rents of the atmosphere, the process of evapora- 
tion, and the solar heat. It may also he supposed 
that much. of the variation depends on the progress 
= aaa ie in the continental regions of the 
globe. 

In connection with the principles and phenome- 
na stated above,—by means of a galvanic battery, 
iron may be temporarily magnetized—in other words, 
endowed with an attractive power, so long as it is 
kept in connection with the galvanic apparatus. 
A magnet of this kind is generally formed in the 
shape of a horse-shoe; and when suspended so as 
to present the extremities downward, and when 
the galvanic communication is established, the 
magnetic power is instantly exerted, and a bar of 
iron held to the extremities will be immediately 
attracted, and firmly adhere. But, on loosening 
the connection with the battery, the magnetie 
power is instantly destroyed, and the ball of iron 
falls to the ground. Such magnets, which have 
obtained the name of Electro-magnets, have been 
thus made, endowed with very great attractive 
power, so as to sustain, in some Cases, a weight of 
above 2000 pounds, or nearly a ton. These mag- 
nets, like those which possess permanent magnet- 
ism, have opposite poles, one attracting, and the 
other repelling. 

This new science of Electro-magnetism has 
opened up new and more expansive views to the 
philosophic world, in reference to the powers of 
Electricity, Galvanism, and Magnetism, and their 
relation to each other; and in the progress of the 
investigations which are now going forward, we 
have reason to hope that some of the hitherto 
latent principles which pervade our terrestrial sys- 
tem will be unfolded, and the diversified phenome- 
na they produce more fully explained and illus- 
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trated. -It is probable, too, that the arts will be 
improved by the application of the principles 
which this science has brought to light; and they 
have already been applied to machinery to pro- 
duce rotatory and impulsive motions. 

Such is a faint outline of some of the interest- 
ing subjects which Natural Philosophy embraces. 
Its relation to Religion will appear from the fol- 
lowing considerations:— 

1. Its researches have led to the invention of 
machines, engines, and instruments of various 
kinds, which augment the energies, increase the 
comforts, and promote the general improvement 
of mankind; and these objects are inseparably 
connected with the propagation of Christianity 
through the world. If we admit that, in future 
ages, the religion of the Bible will shed its benign 
influence over all nations—that the external con- 
dition of the human race will then be prosperous 
and greatly meliorated beyond wha it has ever 
been—and, that no miraculous interposition of 
Deity is to be expected to bring about such desira- 
ble events—it will follow, that such objects. can 
be accomplished only, in the ordinary course of 
Providence, by rational investigations into the 
principles and powers of Nature, and the appli- 
cation of the inventions of science to the great 
objects of religion, and of human improvement, 
as I shall endeavor briefly to illustrate in the fol- 
lowing chapter. As the destructive effects of 
many physical agents, in the present constitution 
of our globe, are, doubtless, a consequence of the 
sin and depravity of man—we have reason to be- 
lieve, that, when the economy of nature shall be 
more extensively and minutely investigated, and 
the minds of men‘directed to apply their discove- 
ries to philanthropic and religious objects, they 
will be enabled to counteract, in a great measure, 
those devastations and fatal effects which are now 
produced by several of the powers of nature. 

The general happiness of all ranks, which will be 
connected with the universal extension of Chris- 
tianity, necessarily supposes that this object will 
be accomplished; for, were a dread of destruction 
from the elements of nature frequently to agitate 
the mind, as at present, no permanent tranquillity 
would be enjoyed; nor would that ancient predic- 
tion in reference to this era, receive its full ac- 
complishment, that “there shall be nothing to hurt 
or destroy in all God’s holy mountain, when the 
earth shall be full of the knowledge of the Lord.” 
And since miraculous interpositions are not to be 
expected, to what quarter can we look for those 
subordinate agencies by which this object is to be 
effected, but to the discoveries and inventions of 
philosophical science? 

Science has already enabled us to remedy many 
of those evils which are the accidental effects of 
the operation of pbysical agents. For example— 
the discoveries of the philosopher, with respect to 
the nature of the electric fluid, have enabled us to 
construct conductors for preserving buildings from 
the stroke of lightning; and we have every reason 
to hope, that, in the progress of electric, galvanic, 
and chemical science, more complete thunder- 
guards, applicable to all the situations in which a 
person may be exposed, will be invented. Nay, 
our increasing knowledge of the electric fluid, 
and of the chemical agents which concur in its 
operation, may enable us to dissipate thunder- 
storms altogether, by disturbing the electricity of 
the clouds, by means of aseries of elevated artifi- 
cial conductors. This is not only possible, but 
has already been in some degree effected. The 
celebrated Euler informs us, in his “ Letters to a 
German Princess,’’ that he corresponded with a 
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Moravian priest, named Divisch, who assured him, 
“that he had averted, during a whole summer, 
every thunder-storm which threatened his own 
habitation and the neighborhood, by means of a 
machine constructed on the principles of electri- 
city—that the machinery sensibly attracted the 
clouds, and constrained them to descend quietly 
in a distillation, without any but a very distant 
thunderclap.’’? Euler assures us, that “the fact 
is undoubted, and confirmed by irresistible proof.’’ 
Yea, not only may the destructive effects of 
lightning be averted by the inventions of philoso- 
phy, but its ageney may be rendered subservient 
to human industry, and made to act as a mechani- 
cal power. This effect, too, has been partially 
accomplished. About the year 1811, in the vil- 
lage of Philipsthal, in Eastern Prussia, an attempt 
was made to split an immense stone into a multi- 
tude of pieces, by means of lightning. A bar of 
iron, in the form of a conductor, was previously 
fixed to the stone, and the experiment was atten- 
ded with the most complete success; for, during 
the very first thunder-storm, the lightning burst 
the stone without displacing it.* 

It is, therefore, probable that, in the future ages 
of the world, this terrific meteor, and other de-~ 
structive agents, which now produce so much 
alarm, and so many disastrous effects, may, by 
the aid of philosophy, be brought under the con- 
trol of man, and be made to minister to his enjoy- 
ment. 

The electric fluid has also been, in many in- 
stances, successfully applied in curing palsies, 
rheumatisms, spasms, obstructions, and inflam- 
mation; and itis known to have a peculiar effect 
on the nervous system. Lightning has been 
known to restore the blind to a temporary enjoy- 
ment of sight. Mr. Campbell, of Succouth, in 
Dunbartonshire, who had been blind for several 
years, was led by his servant one evening through 
the streets of Glasgow, during a terrible thunder- 
storm. The lightning sometimes fluttered along 
the streets for a quarter of a minute without 
ceasing. While this fluttering lasted, Mr. Camp- 
bell saw the street distinctly, and the changes 
which had been made in that part by taking down 
one of the city gates. When the storm was over, 
his entire blindness returned.—The following in- 
stance, stated by Professor Robison, as related by 
one of his friends, is no less remarkable. One 
evening in autumn, he was sitting with a gentle- 
man who had the same disorder as the gentleman 
mentioned above, and he observed several lambent 
flashes of lightning. Their faces were turned to 
the parlor window; and immediately after a flash, 
the gentleman said to his wife, “Go, my dear, 
make them shut the white gate; it is open, you 
see”? The lady did so, and returned; and, after 
a little, said, “ But how did you know that the 
gate was open?” He exclaimed, with wonder, 
“JT saw it open, and two men look in, and go 
away again’’—which our friend also had observ- 
ed—the gentleman, on being close-questioned, 
could not recollect having had another glance, 
nor why it had not surprised him; but of the 
glimpse itself he was certain, and described the 
appearance very exactly.t 

It is also possible, that barren deserts might be 
enriched with fertility, and immense portions of 
the desolate wastes of our globe prepared for the 
support and accommodation of human beings, by 
arresting the clouds, and drawing down their elec- 








* See Monthly Magazine, vol. xxii, p. 162. 
+ Sup. to Ency. Brit., 3d edit., Art. Thwnder-—wrilten by 
the late Dr. Robison. 
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trical virtue and their watery treasure, by means 
of an extended series of elevated metallic conduc- 
tors. What has been now stated, is only one in- 
stance out of many which might be produced, of 
the extensive and beneficial effects which may be 
produced, in future ages, by the application of 
the discoveries of natural science. ; 

2..A knowledge of Natural Philosophy enables 
us to defect pretended miracles, and to discriminate 
between those phenomena which are produced by 
the powers of nature, and the supposed effects of 
diabolical influence. It has been chiefly owing to 
ignorance of the principles of natural science, 
that mankind, in all ages, have been so easily im- 
posed upon by pretenders to supernatural powers. 
It is owing to the same cause, that superstitious 
notions and vain alarms have spread their influ- 
ence so extensively among the lower ranks of the 
population of every country. The pretended mi- 
racles by which Pagan and Popish priests endea- 
vor to support the authority of their respective 
religious systems, and every species of degrading 
superstition, vanish into smoke, when examined 
by the light of modern science; and there can be 
no question, that an enlightened Missionary would, 
in many instances, find the principles and the in- 
struments of natural philosophy important aux- 
iliaries in undermining the fabrie of heathen ido- 
latry and priestcraft. They tend to dissipate a 
thousand idle terrors which haunt and agitate the 
human mind; to detect a thousand, kinds of im- 
posture by which it has been held in cruel bond- 
age; and to prevent the perpetration of those deeds 
of cruelty which have uniformly marked the 
reign of Superstition.* Had our forefathers con- 
nected a knowledge of this subject with their 
study of the Scriptures, they would not have 
brought upon themselves that indelible disgrace 
which now attaches to their memories, on account 
of their having condemned and burned at the 
stake thousands of unhappy women, accused of 
crimes of which they could not possibly have 
been guilty. In New England, toward the close 
of the 17th century, the witchcraft frenzy rose so 
high, that the execution of witches became a ca- 
lamity more dreadful than the sword or the pesti- 
lence. Not only old women, but children of ten 
years, were put to death; young girls were strip- 
ped naked, and the marks of witchcraft searched 
for upon their bodies with most indecent curiosity ; 
and those spots of the scurvy which age impresses 
upon the bodies of old men were taken for evident 





* Mr. Douglas, in his “ Hints on Missions,” suggests, that 
Natural Philosophy might be an important auxiliary to 
Christian Missionaries, ‘*All the ancient ‘war weapons 
of victory,’ excepting miracles, are at their disposal; and 
new instruments of still greater potency, which the svience 
of the latter days has been accumulating for universal zevo- 
lution of the mind are ready to be brought into action, upon 
a scale of overpowering magnitude, Even the single re- 
source which is lost may yet be recompensed by equivalents, 
and a substitute, in many respects, may be found for mira- 
cles, The first effect of a miracle is, to rouse the attention, 
and to overawe opposing prejudices; the second, to afford a 
proof of religion of which it isa sealing accompaniment,— 
The | Sirst object might be gained by the natural magic of ex- 
pervmental philosophy; and as to the second, the difference 
in the proof from miracles, lies rather in its being more cir- 
cuitous, than in its being less conclusive at the present day, 
than in the times of the Apostles.” Mr. Moffat, missionary 
from Africa, lately expressed to the author sentiments simi- 
lar to the above, and intimated his ardent desire that he 
might be farnished, before his return, with an apparatus for 
the purpose of expanding the minds of heathen converts in 
the knowledge of nature, 

+ It has been calculated that, in Germany alone, the num- 
ber of victims that suffered for the supposed crime of witch- 
craft from 1484—the date of the bull of Pope Innocent VIIT 
against witchcraft—until the ‘beginning of the eighteenth 
century, considerably exceeds one hundred thousand? 
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signs of infernal power. So that ignorance of 
the laws and phenomena of nature has led even 
Christians to commit acts of injustice and horrid 
cruelty. For, let it be remembered that it was 
Christian magistrates and’ ministers, under a pre- 
tended zeal for the honor of God, who sanctioned 
such cruel and unrighteous decrees. This con- 
sideration, viewed in connection with many oth- 
ers, tends to show, that the Christian revelation, 
considered abstractly by itself, without a refer- 
ence to the visible system of the universe, is not 
sufficient for all the purposes for which it was in- 
tended; as, on the other hand, the study of the 
works of nature is not sufficient of itself to lead 
the mind to the true knowledge of God, without 
the aid of the discoveries derived from the sacred 
oracles. For, although the Bible has been in the 
hands of Protestant Christians ever since the Re- 
formation, yet it is only since the light of modern 
science began to diffuse its influence, that the su- 
perstitions of the dark ages, and the vulgar notions 
respecting witchcraft, necromancey, and other spe- 
cies of infernal agency, began to evanish, even 
from the minds of Christian teachers; as is evi- 
dent from the writings of many eminent divines 
who flourished during the 16th and 17th centu- 
ries. As the two revelations which God has given 
throw a mutual luster on each other, the one 
must always be considered as incomplete without 
the other. Both are necessary, in order “to make 
the man of God perfect,’’ and to enable him to 
prosecute, with intelligence and success, the great 
objects of religion; and the Christian minister 
who affects to despise the aids of science in the 
cause of religion’ has yet much to learn with 
respect tosome of the grand bearings of the Chris- 
tian system. 

3. The investigations of natural philosophy un- 
fold to us the incessant agency of God, and the 
plans by which his wise and benevolent designs in 
the system of nature are accomplished. From 
the immeasurable globes of heaven, down to the 
minutest atoms, we perceive a regular chain of 
causes and effects, conspiring, in a thousand diffe- 
rent modes. to accomplish the purposes of infinite 
wisdom and goodness. The operation of central 
forces, and of the law of gravitation on the earth, 
and in the heavens—the hydrostatical laws which 
regulate the pressure and the motion of fluids— 
the chemical properties of the atmosphere, its un- 
dulatory, refractive, and reflective powers— the 
motion of the rays of light, and the infinite variety 
of effects they produce—the process of evapora- 
tion—the agencies of electricity and galvanism— 
the properties of the magnet, and the chemical 
action of acids and alkalies, and of the minutest 
particles of matter upon each other,—ought to be 
viewed as so many modifications of the agency 
of Deity, and as manifestations of his wisdom, in 
carrying forward those plans which regard the in- 
terests of his universal kingdom; just as we con- 
sider the rise and fall of empires, the revolutions 
of nations, and the circulation of the Scriptures 
in heathen lands, as so many acts of his moral 
administration as the Governor of mankind. For, 
let it be carefully remembered, that all these phy- 
sical agencies have ultimately a moral and intel- 
lectual bearing; and are essentially connected 
with every other part of God’s providential pro- 
cedure. Though we may be apt to consider them 
as so many detached and insulated pieces of ma- 
chinery, with which we have little conoern, or 
may even disdain to notice their mode of opera- 
tion; yet, in the all-comprehensive mind of Him 
who takes in, at one glance, the whole chain of 
causes and effects, they are as essentially con- 
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nected with his ultimate purposes, and the eternal 
destiny of man, as are the ‘revelations of his 
werd.— Were a single principle or motion which 
now animates the system of nature to cease— 
were the agency of electricity, for example, or the 
principle of evaporation, to be destroyed —the 
phypionl constitution of our globe would instant- 
y be deranged; nature would be thrown into 
confusion; and the sentient and intellectual beings 
that now inhabit the earth would either be de- 
stroyed, or plunged into an abyss of misery. If 
therefore we admit, that the moral agency of God 
is worthy of our contemplation, we ought to 
consider his physical operations also as no less 
worthy of our study and investigation; since 
they form the groundwork of all his other mani- 
festations. 

There is nothing, however, which so strikingly 
characterizes the bulk of mankind, and even the 
great mass of the Christian world, as that apathy 
and indifference with which they view the won- 
ders of creation’ which surround them. They 


ean look on all that is grand and, beautiful and’ 


beneficent in nature, without feeling the least sen- 
timent of admiration or of gratitude to that Being 
who is incessantly operating within them and 
around them; and they are disposed to consider 
the experiments of philosophers, by which the 
wonderful agency of God is unvailed, as only so 
many toys and amusements for the entertainment 
of children. They would prefer the paltry enter- 
iainments of a card-table, of a ball-room, or of a 
gossiping party, to the inspection of the nicest 
pieces of Divine mechanism, and to the contem- 
plation. of the most august scene in nature. How- 
ever lightly some religionists may be disposed to 
treat this subject, that spirit of indifference with 
which the visible works of God are treated must 
be considered as flowing from the same depraved 
principle, which leads multitudes to reject the re- 
velations of the Bible, and to trifle with their 
everlasting interests. ‘Man,’ says Rollin, “lives 
in the midst of a world of which he is the sove- 
reign, as a stranger, who looks with indifference 
upon all that passes in it, and as if it were not his 
concern. The universe, in all its parts, declares 
and points out its Author; but, for the most part, 
to the deaf and blind, who have neither ears to 
hear, nor eyes to see. One of the greatest services 
that philosophy can do us, is to awaken us from 
this drowsiness, and rouse us from this lethargy, 
which is a dishonor to humanity, and in a man- 
ner reduces us below the beasts, whose stupidity 
is the consequence of their nature, and not the 
effect of neglect or indifference. It awakens our 
curiosity, it excites our attention, and leads us, as 
it were, by the hand, through all the parts of na- 
ture, to induce us to study and search out the 
wonderful works of it.’’* 

Since, therefore, the science of natural philo- 
sophy is conversant about the works of the Al- 
mighty, and its investigations have a direct ten- 
dency to illustrate the perfections of his nature, 
to unvail the plan of his operations, to unfold the 
laws by which he governs the kingdom of uni- 
versal nature, and to display the order, symmetry, 
and proportion, which reign throughout the whole 
—it would be needless to enter into any further 
process of reasoning, to show that the study of it 
ig connected with the great objects of religion.— 
Whatever studies tend to raise our minds to the 
Supreme Ruler of all worlds —to expand our 
views of his infinite knowledge and wisdom—to 
excite our gratitude and our admiration of the be- 
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neficent designs which appear in all his arrange- 
ments—to guard us against erroneous conceptions 
of his providential procedure—and to furnish us 
with important auxiliaries for extending the influ- 
ence of his religion through the world—must al- 
ways be interesting to every Christian who wishes 
to enlarge his intellectual views, and to make 
progress in the knowledge of God. 
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This science, which is intimately related to the 
preceding, has for its object to ascertain the ingre- 
dients, or first principles, of which all matter is 
composed—to examine the compounds formed by 
the combination of these ingredients—to investi- 
gate those changes in natural bodies, which are 
not accompanied with sensible motion, and the 
nature of the power which produces these com- 
binations and changes. 

Within the limits of the last half century, the 
empire of Chemistry has been wonderfully ex- 
tended. From an obscure and humble place 
among the objects of study, it has risen to a high 
and dignified station among those sciences which 
improve and adorn the human mind. No longer 
confined to the paltry and mercenary object of 
searching for the philosopher’s stone, or of fur- 
nishing a little amusement, it now extends its 
sway over all the arts which minister to the com- 
fort and improvement of social life, and over every 
species of animate and inanimate matter, within 
the range of human investigation. There is 
scarcely any science so immediately conducive 
to social improvement and human comfort. To 
whatever art or manufacture we turn our atten- 
tion, we find that it has either been created by 
chemistry, or ‘is indebted to its discoveries for 
some of its greatest improvements; and to what- 
ever process in the material world we direct our 
investigations, the principles of this science, as 
deduced from modern experiments and discove- 
ries, are capable of being applied. “The forms 
and appearances,’’ saysSir Humphrey Davy, “ of 
the beings and substances of the external world, 
are almost infinitely various, and they are in a 
state of continued alteration. Even the earth it- 
self, throughout its whole surface, undergoes mo- 
difications. Acted on by moisture and air, it 
affords the food of plants; an immense number 
of vegetable productions arise from apparently the 
same materials; these become the substance of 
animals; one species of animal matter is convert- 
ed into another; the most perfect and beautiful of 
the forms of organized life ultimately decay, and 
are resolved into inorganic aggregates; and the 
same elementary substances, differently arranged, 
are contained in the inert soil; or bloom, and 
emit fragrance in the flower; or become, in ani- 
mals, the active organs of mind and intelligence. 
In artificial operations, changes of the same order 
occur: substances having the characters of earth, 
are converted into metals; clays and sands are 
united, so as to become porcelain; earths and al- 
kalies are combined into glass; acrid and corro- 
sive matters are formed from tasteless substances; 
colors are fixed upon stuffs; or changed, or made 
to disappear; and the productions of the vegeta- 
ble, mineral, and animal kingdoms, are converted 
into new forms, and made subservient to the pur- 
poses of civilized life-—To trace, in detail, those 
diversified and complicated phenomena; to ar- 
range them, and deduce general laws from their 
analogies, is the business of Chemistry.”* 
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Chemists have arranged the general forms of 
matter into the four following classes:—The first 
class consists of soxips, which form the principal 
parts of the globe, and which differ from each 
other in hardness, color, opacity, transparency, 
density, and other properties. The second class 
consists of fluids, such as waiter, oils, spirits, etc., 
whose parts possess freedom of motion, and 
require great mechanical force to make them 
occupy a smaller space. The third class compre- 
hends ELASTIC FLUIDS, or GASES, which exist freely 
in the atmosphere; but may be confined by solids 
and fluids, and their properties examined. Their 
parts are highly movable, compressible, and ex- 
pansive; they are all transparent; they present 
two or three varieties of color; and they differ 
greatly indensity. ‘Phe fourth class comprehends 
ETHEREAL SUBSTANCES, Which are known to us only 
in their states of motion, when acting upon our 
organs of sense, and which are not susceptible of 
being confined. Such are the rays of light, and 
radiant heat, which are incessantly in motion, 
throughout the spaces that intervene between our 
globe, and the sun and the stars—Chemists 
divide the substances in nature also into sIMPLE 
and compounp. SIMPLE suBsTANcES are those 
which have never yet been decomposed, nor 
formed by art. Compounp sussTances are those 
which are formed by the union of two or more 
simple substances. The following are all the 
simple substances with which we are at present 
acquainted: CALORIC, LIGHT, OXYGEN, NITROGEN, 
CARBON, HYDROGEN, SULPHUR, PHOSPHORUS, the 
METALS, and some of the EartHs.—All that I 
propose under this article is simply to state some 
of the properties of two or three of these simple 
substances. 

Caxoric, or elementary fire, is the name now 
given by chemists to that element. or property 
which, combined with various bodies, produces 
the sensation of heat while it is passing from one 
body to another. This substance appears to per- 
vade the whole system of nature. There are six 
different sources from whence Caloric may be 
procured. It may be produced by combustion, in 
which process the oxygen gas of the atmosphere 
is decomposed, and caloric, one of its component 
parts, set at liberty—by friction, or the rubbing 
of two substances against each other—by percus- 
sion, as the striking of steel against a piece of 
flint—by the mixture of two or more substances, as 
when sulphuric acid is poured upon water or 
magnesia—by electricity and galvanism. The dis- 
charge of an electric or galvanic battery, will 
produce a more intense degree of heat than any 
other means whatever. But the principal, and 
probably the original source of caloric, is the Sun, 
which furnishes the earth with a regular supply 
for the support and nourishment of the animal 
and vegetable tribes. From ‘this source it moves 
at the rate of 192,000 miles in a second of time; 
for it has been already stated, that the san sends 
forth rays of heat which are distinct from those 
which produce illumination, and which accom: 
pany them in“their course through the ethereal 
regions. | 

Caloric isthe cause of Jluidity, in all substances 
which are capable of becoming fluid. A certain 
portion, or dose of it, reduces a solid body to the 
state of an incompressible fluid; a larger portion 
brings it to the state of an aeriform or gaseous 
fluid. Thus, a certain portion of caloric reduces 
ice to a state of water; a larger portion converts 
it into steam or vapor. There is reason to believe, 
that the hardest rocks, the densest metals, and 
every solid supstance on the face of the earth, 
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might be converted into a fluid, and even into a 
gas, were they submitted to the action of a very « 
high temperature. This substance is called sen- 
sible caloric, when it produces the sensation of 
heat; and latent caloric, when it forms an insen- _ 
sible aie the substance of bodies. One of 
the principal effects of caloric is the expansion of 
bodies. All bodies, with a very few exceptions, 
are capable of expansion by means of heat; the 
gases being the most expansive, and solids the 
least susceptible of expansion. ‘The expansion of 
gases or any aeriform substance is illustrated by. 
the experiment of a half-blown bladder held before 
a fire, as stated under the article Pneumatics, p. 94 
The expansion of solids is illustrated by the 
following process: When the iron rim of a cart- 
wheel is to be put on, it is first heated to a 
considerable degree. When hot, the circle is 
somewhat larger than when cold, and thus easily 
slips round the wheel; but, as it cools, the circle 
decreases, and firmly binds together the wood- 
work of which the wheel is composed. In 
reference to fluid bodies the same fact is exem- 
plified in the Thermometer—the mercury or spirit 
of wine in which rises or falls in proportion to the 
quantity of heat which is applied to the instru- 
ment.—Other effects of heat are liquefaction, as 
when ice is converted into water—vaporization, as 
when water is converted into steam—ignition, as 
when bodies by heat are made to produce flame— 
and evaporation, when substances send off vapor 
from their surfaces at temperatures below the 
boiling point. ‘The heat of the sun and other 
causes produce this effect every day over the 
whole surface of the globe. An immense quantity 
of vapor is thus continually rising from the sur- 
face of the land and seas, which is either formed 
into clouds, or condensed into rains or dew— 
which process is of most essential service through- 
out the whole economy of the physical constitution 
of our globe.—All bodies are, ina greater or less 
degree, conductors of caloric. Metals and liquids 
are good conductors of heat; but silk, cotton, 
wool, wood, etc., are bad conductors of it. For 
example, if we put a short poker into the fire at 
one end, it will soon become hot at the other; but. 
this will not happen with a piece of wood of the 
same length, and under the same circumstances. 
A person with a silken purse, containing metal 
coin, may stand so near the fire, as to make the 
metal almost too hot to touch, though the tem- 
perature of the purse-will apparently be scarcely 
altered. If a hand be put upon a hot body, part 
of the caloric leaves the hot body and enters the 
hand, producing the sensation of heat. On the 
contrary, if a hand be put on a cold body, as a 
piece of iron, or another colder hand, part of the 
caloric contained in the hand leaves it to unite 
with the colder body, producing the sensation of 
cold. In short, caloric is diffused throughout all 
bodies, and enters into every operation in nature; 
and, were it not for the influence of this subtile 
fluid, there is reason to believe that the whole 
matter of the universe would be condensed into a 
solid mass. 

OxyGEN is a very pure, subtile, and elastic sub- 
stance, generally diffused throughout nature; but 
is never found unless in combination with other 
substances. It is one of the most important agents 
in nature; there being scarcely a single process, 
whether natural or artificial, in which oxygen has 
not some important share. When combined with 
caloric it is called oxygen gas, which forms one of 
the constituent parts of the atmosphere. It is a 
permanently elastic fluid, transparent, colorless, 
and destitute of taste and smell ; 100 cubic inches 
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of it weigh 33-9153 grains, that is, nearly 34 grains. 
And as the same bulk of common air weighs 
30-8115 grains under the same circumstances, the 
specific gravity of oxygen is reckoned 1-1007, that 
of common air being reckoned 1-000, though 
some chemists have adopted 1-111 as its specific 
gravity compared with atmospheric air. In this 
state, it forms the principle of combustion: pro- 


ducing the most rapid deflagration of all combus- 


tible substances. If a lighted taper be let down 
into a jar of oxygen gas, it burns with such splen- 
dor that the eye can scarcely bear the glare of 
light, and at the same time produces a much 
greater heat than when burning in common air. 
if a steel wire, or a thin file, having a sharp point, 
armed with a piece of wood in inflammation, be 
introduced into a Jar filled with this gas, the steel 


will take fire, and its combustion will continue 


producing a most brilliant phenomenon. It has 
been proved, by numerous experiments, that this 
gas is so essential to combustion, that no sub- 
stance will burn in common air which has been 
previously deprived of its oxygen. It is also es- 


sential to the support of animal life; so that man, 


and all the inferior ranks of animated nature, 
may be said to depend upon this fluid for their 
existence. Its basis gives the acid character to all 
mineral and vegetable salts; and the calcination 


of metals is altogether effected by their union 


with oxygen. 


It constitutes the basis both of the 
atmosphere which surrounds the earth, and of the 
water which forms its rivers, seas, and oceans. It 
pervades the substance of all the vegetable tribes, 
and enables them to perform their functions; and, 
in combination with the different metals, serves 
the most important purposes in the useful arts. 


In the operation of this elementary principle, we 


perceive a striking display of the agency of the 


Creator, and of the admirable means which his 


wisdom has contrived for preserving in due order 
the system of nature. And as this wonderful 
substance is so essentially necessary to animal 
and vegetable existence, everything is so arranged 
as to produce a regular supply of it, notwith- 
standing its incessant changes, and the multifari- 
ous combinations into which it is continually 
entering. 

One of the most extraordinary effects of oxygen 
appears, when it is combined, in a certain propor- 
tion, with nitrogen, so as to form the gaseous 
oxide of nitrogen, or what is commonly called 
nitrous oxide. This gas consists of 63 parts ni- 
trogen, and 37 oxygen, by weight. When inhaled 
into the Jungs, it produces an extraordinary ele- 
vation of the animal spirits, a propensity to leap- 
ing and running, involuntary fits of laughter, a 


_rapid flow of vivid ideas, and a thousand delight- 


ful emotions, without being accompanied with 
any subsequent feelings of debility. This cir- 
cumstance shows what a variety of delightful or 
pernicious effects might flow from the slightest 
change in the constitution of the atmosphere, 
were the hand of the Almighty to interpose in 
altering the proportion of its constituent parts; 
for atmospheric air is composed of 79 parts of 
nitrogen, and 21 of oxygen, which is not a very 
different proportion from the above. Another 
gas, called nitric oxide, composed of 56 parts oxy- 
gen, and 44 nitrogen, produces instant suffocation 
in all animals that attempt to breathe it. One of 
the most corrosive acids, the nitrous acid, or aqua- 
fortis, is composed of 75 parts oxygen, and 25 
parts nitrogen; so that we are every moment 
breathing a certain substance, which, in another 
combination, would produce the most dreadful 
pain, and cause our immediate destruction. What 
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a striking proof does this afford of the infinite 
comprehension of the Divine Mind, in foreseeing 
all the consequences of the elements of nature, 
and in directing their numerous combinations in 
such a manner as to promote the happiness of 
animated beings! 

NrirrocEn, or azote, is a substance generally 
diffused’ throughout nature, and particularly in 
animal bodies. It is not to be found in a solid or 
liquid state, but, combined with caloric, it forms 
nitrogen gas, which is one of the ingredients of 
the atmosphere. It enters extensively into com- 
bination with various substances; it is an abund- 
ant element in animal matter; and its existence in 
such large quantity is a chief distinction between 
the constitution of the substances which compose 
animal and vegetable matter. Its specific gravity 
is 09748, which is lighter than common atmos- 
pherie air, and therefore ascends in it. Were it 
heavier it would accumulate to such a degree in 
our apartments as to be pernicious and even de- 
structive to our health and existence. It is inca- 
pable of supporting either flame or animal life. 
This is proved by introducing an animal, or a 
burning candle, into a vessel full of this gas; in 
which case, the animal is suddenly suffocated, and 
the candle instantly extinguished. It is this gas 
which is expelled from the lungs at every expira- 
tion, and rising over our heads, soon enters into 
new combinations. Though it is destructive to 
animal life, it appears to be favorable to plants, 
which vegetate freely when surrounded with ni- 
trogen. 

Hyprocren is another elementary substance, 
abundant in nature, and, when united to caloric, 
forms hydrogen gas. It is one of the constituent 
parts of water; for it has been completely demon- 
strated by experiment, that water is composed of 
85 parts by weight of oxygen, and 15 of hydro- 
gen, in every hundred parts of the fluid. This 
gas was formerly known by the name of inflam- 
mable air. It is distinguished among miners by 
the name of five-damp; it abounds in coal-mines, 
and sometimes produces the most tremendous ex- 
plosions.* It is incapable by itself of supporting 
combustion, and cannot be breathed without the 
most imminent danger. It is the chief constitu- 
ent of oils, fats, spirits, ether, coals, and bitumen; 
and is supposed to be one of the agents which 
produce the ignes fatui, and the northern lights. It 
is the lightest of all ponderable bodies, being from 
twelve to fifteen times lighter than common air 
A hundred cubic inches of it weigh about 214 
grains. On account of its great levity, it is used 
for filling air balloons. In contact with atmo- 
speric air, it burns with a pale blue color. When 
mixed with oxygen gas, it may be exploded, like 
gunpowder, with a violent report. Carburetted 
hydrogen gas, which is carbon dissolved by hydro- 
gen, is that beautiful gas which is now employed 
in lighting our streets, shops, and manufactories. 





* Tt appears from the First Report of the “Children’s Em- 
ployment Commission,” appointed by Parliament in 1842, 
that, at the very least, 1500 lives have been sacrificed in 
and about the Tyne and Weir collieries in the neighbor- 
hood of Newcastle within the last 40 years, chiefly by the 
explosions of hydrogen gas which have taken place in the 
coal-mines. To counteract such effects, Sir H. Davy, in 
1815, displayed his ingenuity by the invention of his Safety 
Lamp—which is made of wire gauze, and has this particular 
property, that the miner may move about with it, and even 
work by its light in the midst of those explosive mixtures 
which have so often proved fatal, when entered with a com- 
mon lamp or candle, But the want of accuracy in some of 
the manufacturers of the gauze with which the instrament 
is construeted—and the carelessness of the miners in using 
it—have frequently prevented Fa beneficial effects from be- 
ing realized. For a particular description of this lamp, see 


«Diffusion of Knowledge,” Secs. I, V, and the Appendix. 
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Cannon is another simple substance extensively 
diffused throughout nature. It is found pure and 
solid only in the diamond; but it may be procured 
in the state of charcoal, by burning a piece of 


wood, closely covered with sand, in a crucible. 


Carbon enters into the composition of bitumen 
and pit coal, and of most animal and some mine- 
ral substances; and it forms nearly the whole of 
the solid basis of ail vegetables, from the most 
delicate flower to the stately oak. It is also a 
component part of sugar, and of all kinds of wax, 
oils, gums, and resins. It combines with iron in 
various proportions, and the results are, cast-iron 
and stee].' Black lead is a composition of nine 
parts of carbon to one of iron; and is therefore 
called a carburet of iron. Carbon is indestructible 
by age, and preserves its identity in all the com- 
binations into which it enters—Cuarbonic acid gas 
is a combination of carbon and oxygen. It is 
found in a state of combination with lime, form- 
ing limestone, marble, and chalk; and may be 
separated from them by heat, or by means of the 
mineral acids. This gas, which was formerly 
called fixed air, is found in mines, caves, the bot- 
toms of wells, wine cellars, brewers’ vats, and in 
the neighborhood of limekilns. It is known to 
miners by the name of choke-damp, and too fre- 
quently runs on deadly errands. It extinguishes 
flame and animal life. It is the heaviest of ull the 
gases; being nearly twice the weight of common 
air, and twenty times the weight of hydrogen. 
It may therefore be poured from one vessel to 
another; and a lighted taper is instantly extin- 
guished by pouring a small quantity of it over 
the flame. It is a powerful antiseplic, or preser- 
ver from putrefaction. Meat which has been 
sealed up in it (says Mr. Parkes), bas been known 
to have preserved its texture and appearance for 
more than twenty years. There is no substance 
of more importance in civilized life than the dif- 
ferent forms of Carbon. “In nature,’ says Sir 
H. Davy, “this element is constantly active in an 
important series of operations. It is evolved in 
fermentation and combustion, in Carbonic acil; 
if is separated from oxygen in the organs of 
plants; it is a principal element in animal struc- 
tures; and is found in different forms in almost 
all the products of organized beings.” 

Cuuorine is a gas of a greenish color. It is 
fatal to animal life, if breathed undiluted with 
common air, but it does not, like nitrogen and 
carbonic acid gas, extinguish combustion. A 
candle burns in it with a red flame; and if*pos- 
sesses the remarkable property of setting fire to 
many of the metals, even at the common temper- 
ature of the air, when introduced into it beaten 
out into thin leaves or reduced to filings—such as 
copper, tin, arsenic, zinc, and antimony. It has 
the property of destroying all vegetable colors. If 
a vegetable blue, for instance, be exposed to its 
action, the color is not changed to a red, as it 
would be by an acid,—nor to a green, as it would 
be by an alkali,—but it is totally destroyed. On 
this account Chlorine has been introduced as a 
powerful agent in the art of bleaching; for if un- 
bleached linens be properly exposed to its action, 
the matter which gives them their gray color is 
destroyed. But if applied in its pure state, and 
not sufficiently diluted, it invariably destroys the 
strength and texture of the linens. The specific 
gravity of this gas, when free from watery vapor 
is 2-5, common air being 1+ and 100 cubic inches 

of it weigh about 77 grains. 
‘ Topine is the name of an undecompounded 
principle or element in chemistry, It remained 
undiscovered until 1812, when a manufacturer 
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of saltpeter in Paris detected it in the ashes of sea 
weeds. It resembles chlorine in some of its pro- 
perties, and is derived from a source which also 
supplies chlorine, both of thern being of marine 
origin. y be procured by drying and pow- 
dering on sea weed, and heating it with 
sulphuric acid. - A violet-colored vapor rises, 
which, if received in a cool vessel, will condense 
on its sides, and will form scaly crystals of a 
somewhat metallic luster. ‘These crystals are the 
substance in question; and from the violet color 
of its vapor it is called iodine. Its specific gravity 
is 3-084; it melts at a heat a little above that of 
boiling water; at the temperature of 350° it boils 
and evaporates in a violet-colored vapor. It stains 
the fingers yellow, and consumes the cork of the 
vial in which it is contained. Its smell is dis- 
agreeable, its taste acrid, it destroys vegetable 
colors, and it possesses poisonous properties. It 
has the property of forming a beautiful blue 
color, when mixed with a little powdered starch, 
and diffused through cold water; and hence iodine 
and starch are used by chemists as mutual tests 
of each other’s presence, even in the most minute 
quantity. 

Sutpnur is a substance which has been known 
from the earliest ages. It was used by the an- 
cients in medicine, and its fumes have, for more 
than 2090 years, been employed in bleaching 
wool. It is found combined with many mineral 
substances, as arsenic, antimony, copper, and 
most of the metallic ores. It exists in many 
mineral waters, and in combination with vegeta- 
ble and animal matters, but-is most abundant in 
volcanic countries, particularly in the neighbor- 
hood of Vesuvius, Etna, and Hecla in Iceland. It 
is a solid, opaque, combustible substance, of a 
pale yellow color, very brittle, and almost without 
taste or smell. Its specific gravity is nearly twice 
that of water: it is a non-conductor of electricity, 
and, of course, becomes electric by friction: 
When heated to the temperature of 170° of Fah- 
renheit’s thermometer, it rises up in the form of 
a fine powder, which is easily collected in a pro- 
per vessel, and is named the flowers of sulphur. 
{t is insoluble in water, but may be dissolved in 
oils, in spirit of wine, and in hydrogen gas. 
When sulphur is heated to the temperature of 
302° in the open air, it takes fire spontaneously 
and burns with a pale blue flame, and emits a 
great quantity of fumes of a strong suffocating 
odor. When heated to the temperature of 570°, 
it burns with a bright white flame, and emits a 
vast quantity of fumes. When these fumes are 
collected, they are found to consist entirely of sul- 
phuric acid; so that sulphur, by combustion, is 
converted into an acid. It is the base of several 
compound substances. It unites with oxygen, 
hydrogen, nitrogen, phosphorus, the alkalies, the 
metals, and. some of the earths. This substance 
is of great importance in medicine, as it is found 
to penetrate to the extremities of the most minute 
vessels, and to impregnate all the secretions. It 
is also used in the arts, particulariy in bleaching 
and dyeing; it forms a very large proportion of 
gunpowder; and one of its most common but 
not least useful properties, is that of its combusti- 
bility, by which, with the help of a tinder-box, 
light is almost instantaneously produced. As this 
substance has not yet been decomposed, it is con- 
sidered by chemists, in the meantime, as one of 
the simple substances. 

Puoseuorus is another simple combustible 
substance, but is never found in a pure state in 
nature. It is commonly united to oxygen in the 
state of phosphoric acid, which is found in differ- 
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ent animal, vegetable, aha mineral substances. 
[t was first discovered by Brandt, a chemist of 
Hamburgh, in the year 1667, and afterward by 
the Honorable Mr. Boyle, in 1679. It was for- 
merly obtained by a disgusting process; but is 
now extracted from the bones of animals by. 
burning them, and then reducing them to a fine 
powder, and afterward pouring sulphuric acid 
upon them. This substance, when pure, resem- 
bles bees’ wax, being of a clear, transparent, yel- 
lowish color; itis insoluble in water; it may be 
cut with a knife, or twisted to pieces with the 
fingers; and it is about double the specific gravity 
of water. Its most remarkable property is its 
very strong attraction for oxygen, from which 
circumstance it burns spontaneously in the open 
air at the temperature of 43°; that is, it attracts 
the oxygen gas from the atmosphere, and heat 
and flame are produced. It gradually consumes 
when exposed to the common temperature of air, 
emits a whitish smoke, and is luminous in the 
dark; for this reason it is kept in vials of water; 
and as the heat of the hand is sufficient to inflame 
it, it should seldom be handled except under 
water. At the temperature of 99° it melts; it 
evaporates at 219°, and boils at 554°. When 
heated to 148° it takes fire, and burns with a very 
bright flame, and gives out a large quantity of 
white smoke, which is luminous in the dark: at 
the same time it emits an odor, which has some 
resemblance to that of garlic; and this smoke, 
when collected, is proved to be an acid. It burns 
with the greatest splendor in oxygen gas, and, 
when taken internally, it is found to be poison- 
ous. If any light substance, capable of conduct- 
ing heat, be placed upon the surface of boiling 
water, and a bit of phosphorus be laid upon it, 
the heat of the water will be sufficient to set the 
- phosphorus on fire. If we write a few words on 
paper, with a bit of phosphorus fixed in a quill, 
when the writing is carried into a dark room it 
will appear beautifully luminous. If a piece of 
phosphorus, about the size of a pea, be dropped 
into a tumbler of hot water, and a stream of oxy- 
gen gas forced directly upon it, it will under 
water display the most brilliant combustion that 
can be imagined. All experiments with phospho- 
rus, however, require to be performed with great 
caution. This substance is used in making phos- 
phoric match-bottles, phosphoric oil, phosphoric 
tapers, and various phosphoric fire-works. Phos- 
phorized hydrogen gas is produced by bits of phos- 
phorus remaining some hours in hydrogen gas. 
It is supposed to be that gas which is seen hover- 
ing on the surface of burial-grounds and marshes, 
known in Scotland by the name of spunkie, and 
in England by that of will-o’-the-wisp. 

Some animals, as the glow-worm and the fire-fly, 
and fish in a putrescent state, exhibit phosphores- 
cent qualities. M. Peron describes a singular 
instance of this kind in an animal which he calls 
the pyrosoma atlanticum, which he observed in his 
voyage from Europe to the Isle of France. The 
darkness was intense when it was first discovered; 
and all at once there appeared at some distance, as 
it were, a yast sheet of phosphorus floating on 
the waves, which occupied a great space before 
the vessel. When the vessel had passed through 
this inflamed part of the sea, it was found, that 
this prodigious light was occasioned by an im- 
mense number of small animals, which swam at 
different depths, and appeared to assume various 
forms. Those which were deepest looked like 
great red-hot cannon balls, while those on the 
surface resembled cylinders of red-hot iron. Some 
of thom wero caught, and were found to vary in 
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size from three to seven inches. All the exterior 
surface of the animal was bristled with thick ob- 
long tubercles, shining like so many diamonds; 
and these seemed to be the principal seat of its 
wonderful phosphorescence. 

Such is a brief description of the principal ele- 
mentary substances, which, in a thousand diversi- 
fied forms, pervade the system of nature, and pro- 
duce all that variety which we behold in the at- 
mosphere, the waters, the earth, and the various 
processes of the arts. It is probable that some of 
these substances are compounds, though they have 
not yet been decomposed. Yea, it is possible, and 
not at all improbable, that there are but two, or at 
most three elementary substances in nature, the 
various modifications of which produce all the 
beauties and sublimities in the universe. Perhaps 
caloric, oxygen, and hydrogen, may ultimately be 
found to constitute all the elementary principles 
of nature-—Without prosecuting this subject fur- 
ther, I shall conclude this article with a few cur- 
sory reflections, tending to illustrate its connec- 
tion with religion. 

The remarks which I have already thrown out 
in reference to Natural Philosophy will equally 
apply to the science of Chemistry ; and there- 
fore do not require to be repeated. In addition 
to these, the following observations may be 
stated:— 

1. This science displays, in a striking point of 
view, the wisdom and goodness of God, in produc- 
ing, by the most simple means, the most astonishing 
and benevolent effects. All the varied phenomena 
we perceive throughout the whole system of sub- 
lunary nature are produced by a combination of 
six or seven simple substances. I formerly ad- 
verted to the infinite variety which exists in the 
vegetable kingdom.* About 56,000 different spe- 
cies of. plants have already been discovered by bo- 
tanists. All these, from the humble shrub to the 
cedar of Lebanon, which adorn the surface of the 
globe, in every clime, with such a diversity of 
forms, shades, and colors, are the result of the 
combinations of “four or five natural substances 
—caloric, light, water, air, and carbon.” “When 
we consider,’ says Mr. Parkes, “that the many 
thousand tribes of vegetables are not only all 
formed from a few simple substances, but that 
they all enjoy the same sun, vegetate in the same 
medium, and are supplied with the same nutri- 
ment, we cannot but be struck with the rich eco- 
nomy of nature, and are almost induced to doubt 
the evidence of those senses with which the God 
of nature has furnished us. That it should be 
possible so to modify und intermingle a few sim- 
ple substances, and thence produce all the variety 
of form, color, odor, ete., which is observable in 
the different families of vegetables, is a phenome- 
non too astonishing for our comprehension.— 
Nothing short of Omnipotence could have pro- 
vided such a paradise for man.’’t 
« Soft roll your incense, herbs and fruits and flowers, 

In mingled clouds, to Him whose sun exalts, 

Whose breath perfumes you, and whose pencil paints.” 
THOMSON. 

What an admirable view is here opened up of 
the economy of Divine wisdom, and of the benefi- 
cent care which has been taken to secure the 
comfort and happiness of every living creature; 
and how ungrateful a disposition must it indicate 
in rational beings to overlook such benevolent ar- 
rangements! It is highly probable, that, in all the 
other worlds dispersed throughout the: universe, 
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an infinite diversity of scenery exists,and that no 
one globe or system exactly resembles another; 
and yet it is probable, that the primary elements 
of matter, or the fow simple substances of which 
our world is composed, may be of the same na- 
ture as those which form the constituent parts of 
every other system; and may give birth to all the 
variety which exists throughout the wide extent 
of creation, and to all the chanyes and revolutiong 
through which the different systems’ may pass, 
during every period of infinite duration. 

2. rom this science we have every reason to 
conclude that matter is indestructible. In the va- 
rious changes that take place in material sub- 
stances, the particles of mutter are not destroyed, 
but only assume new forms, and enter into new 
combinations. When a piece of wood, for exam- 
ple, is burned to ashes, none of its principles are 
destroyed; the elementary substances of which it 
was composed are only separated from one an- 
other, and formed into new compounds. Carbon, 
as already stated, appears to be indestructible by 
age, and to preserve its essential properties, in 
every mode of its existence. That Being, indeed, 
who created matter at first, may reduce it to no- 
thing when he pleases; but it is highly improba- 
ble that his power will ever be interposed to pro- 
duce this effect; or that any particle of matter 
which now exists, will ever be annihilated, into 
whatever new or varied combinations it may en- 
ter. When any particular world, or assemblage 
of material existence, has remained in its original 
state for a certain period of duration, and accom- 
plished all the ends it was intended to subserve in 
that state, the materials of which it is composed 
will, in all probability, be employed for erecting 
a new system, and establishing a new series of 
events, in which new scenes, and new beauties 
and sublimities will arise from new and varied 
combinations. For the Creator does nothing in 
vain. But to annihilate, and again to create, 
would be operating in vain; and we uniformly 
find, that in all the arrangements of Deity, in the 
present state of things, Nature is frugal and eco- 
nomical in all her proceedings; so that there is 
no process, when thoroughly investigated, that 
appears unnecessary or superfluous. 

From the fact, that matter appears to be inde- 
structible, we may learn, that the Creator, with 
the self-same materials which now exist around 
us, may, after the general conflagration, new- 


model and arrange the globe we inhabit, so as to | 


make a more glorious world to rise out of its 
ashes; purified from those physical evils which 
now exist; and fitted for the accommodation either 
of renovated men, or of other pure intelligences. 
From the same fact combined with the considera- 
tion of the infinite diversity of effects which the 
simple substances of nature are capable of pro- 
ducing, we may be enabled to form a conception 
of the ease with which the Creator may new- 
model our bodies, after they have been dissolved 
in the dust; and how, from the same original 
atoms, he may construct and adorn them with 
more glorious forms, and more delightful and ex- 
quisite senses than they now possess. 

In short, the rapid progress which chemical 
science is now making, promises, ere long, to 
introduce improvements among the human race, 
which will expand their views of the agency of 
God, counteract many physical evils, and pro- 
mote, to an extent which has never yet been ex- 
perienced, their social and domestic enjoyment.— 
The late discoveries of Chemistry tend to con- 
vince us, that the properties and powers of natu- 
ral substances are only beginning to be discovered. 





* 
THE CHRISTIAN PHILOSOPHER. 


Who could have imagined, a century ago, that an 
invisible substance is contained in a piece of coal, 
capable of producing the most beautiful and 
splendid illumination—that this substance may 
be conveyed, in a few moments, through pipes of 
several miles in length—and that a city, contain- 
ing several hundred thousands of inhabitants, may 
be instantly.lighted up by it, without the aid of 
either wax, oil, or tallow? Who could have im- 
agined that one of the ingredients of the air we 
breathe is the principle of combustion—that a 
rod of iron may be made to burn in it with a 
brillianey that dazzles the eyes—that a piece of 
charcoal may be made to burn with a white and 
splendid light, which is inferior only to the solar 
rays—and that the diamond is nothing more than 
carbon in a crystallized state, and differs only in a 
slight degree from a bit of common charcoal?— 
Who could have surmised, that a substance would 
be discovered, of such a degree of levity, as would 
have power sufficient to buoy up a number of 
men to the upper parts of the atmosphere, and 
enable them to swim, in safety, above the region 
of the clouds? ‘These are only specimens of still 
more brilliant discoveries which will, doubtless, 
be brought to light by the researches of future 
generations. We have reason to believe, that the 
investigations of this science will in due time, 
enable us to counteract most of the diseases inci- 
dent to the human frame; and to prevent many 
of those fatal accidents to which mankind are now 
exposed. Davy’s safety lamp has already preserved 
many individuals from destruction, when working 
in coal mines; and thousands, in after ages, will 
be indebted to this discovery, for security from 
the dreadful explosions of hydrogen gas. And, 
we trust, that the period is not far distant, when 
specific antidotes to the diseases peculiar to the 
different trades and occupations in which man- 
kind are employed will be discovered; and the 
health and vigor of the mass of society be pre- 
served unimpaired, amidst all the processes in 
which they may be engaged. 

In fine, the rapid progress of chemical discove- 
ry carries forward our views to a period, when 
man, having thoroughly explored the powers of 
nature, and subjected them, in some measure, to 
his control, will be enabled to ward off most of 
those physical evils with which he is now annoy- 
ed, and to raise himself, in some degree, to the 
dignity and happiness he enjoyed before moral 
evil had shed its baleful influence on our terrestrial 
system. Such a period corresponds to many of 
the descriptions contained in the Sacred Oracles 
of the millennial state of the church; when social, 
domestic, moral, and intellectual improvement 
shall be carried to the utmost perfection which 
our sublunary station will permit; when wars 
shall cease; when the knowledge of Jehovah shall 
cover the earth; when every man shall sit under 
his vine and fig-tree, without being exposed 
to the least alarm; and when there shall be no- 
thing to hurt nor destroy throughout the church 
of the living God. And, therefore, we ought to 
consider the various discoveries and improve- 
ments now going forward in this, and other de- 
partments of science, as preparing the way for the 
introduction of this long-expected and auspicious 
era. 


ANATOMY AND PHYSIOLOGY, 


The general object of both these sciences is, to 
investigate and describe the structure and econo- 
my of the animal frame.—Anatomy dissects dead 
bodies. Physiology investigates the functions of 
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those that are living. The "former examines the 
fluids, muscles, viscera, and all the other parts of 
the human body, in a state of rest; the latter 
considers them in a state of action. 

The parts of the human body have. been dis- 
tinguished into two different kinds—solids and 
fluids. The solid parts are, bones, cartilages, liga- 
menis, muscles, tendons, membranes, nerves, arte- 
ries, veins, hair, nails, and ducts, or fine tubular 
vessels of various kinds. Of these solid parts, 
the following compound organs consist: the brain 
and cerebellum, the lungs, the heart, the stomach, 
the liver, the spleen, the pancreas, the glands, the 
kidneys, the intestines, the mesentery, the larynz, 
and the organs of sense—the eyes, ears, nose, and 
tongue. ‘The fluid parts are, the saliva, or spittle, 
phlegm, serum, the chyle, blood, bile, milk, lympha, 
urine, the pancreatic juice, and the aqueous humor 
of the eyes. .The human body is divided into 
three great cavities — the head; the thorax, or 
breast; and the abdomen, or belly. The head is 
formed of the bones of the cranium, and incloses 
the brain and cerebellum. The thorax is com- 
posed of the vertebre of the back, the sternum, 
and true ribs; and contains the heart, the pericar- 
dium, the breasts, and the lungs. The abdomen is 
separated from the thorax by means of the dia- 
phragm, which is a fleshy and membranous sub- 
stance, composed for the most part of muscular 
fibers. This cavity is formed by the lumbar ver- 
tebre, the os sacrum, the ossa innominata, the false 
ribs, the peritoneum, and a variety of muscles. 
It incloses the stomach, intestines, omentum, or 
caul, the liver, pancreas, spleen, kidneys, and uri- 
nary bladder.—Without attempting any technical 
description of these different parts, which could 
convey no accurate ideas to a general reader, I 
shall merely state two or three facts in relation 
to the system of bones, muscles, and blood-vessels, 
as specimens of the wonderful structure of our 
\bodily frame. 

The Bones may be regarded as the propwork or 
basis on which the human body is constructed. 
‘They bear the same relation to the animal system, 
as the woodwork to a building. They give shape 
and firmness to the body; they support its various 
parts, and prevent it from sinking by its own 
weight; they serve as levers for the muscles to act 
upon, and to defend the brain, the heart, the 
lungs, and other vital’ parts from external injury. 
Of the bones, some are hollow, and filled with 
marrow; others are solid throughout; some are 
very small; others very large; some are round, 
and others flat; some are plane, and others convex 
or concave;—and all these several forms are re- 
quisite for the situations they occupy, and the 
respective functions they have to perform.—The 
spine, or back-bone, consists of 24 vertebrae, or 
small bones, connected together by cartilages, ar- 
ticulations, and ligaments; of which 7 belong to 
the neck, 12 to the back, and 5 to the loins. In 
the center of each vertebra, there is a hole for the 
lodgment and continuation of the spinal marrow, 
which extends from the brain to the rump. From 
these vertebree the arched bones called ribs pro- 
ceed; and seven of them join the breast-bone on 
each side, where they terminate in-cartilages, and 
form the cavity of the thorax or chest. The five 
lower ribs, with a number of muscles, form the 
cavity of the abdomen, as above stated. The 
spine is one of the most admirable mechanical 
contrivances in the human frame. Had it con- 
sisted of only three or four bones, or had the holes 
in each bone not exactly corresponded, and fitted 
into each other, the spinal marrow would have 
been bruised, and life endangered at every bend- 
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ing of the body. The skull is composed of 10 
bones, and about 51 are reckoned to belong to the 
hheoae orbits of the eyes, and the jaws in which 
the teeth are fixed. There are seldom more than 
16 teeth in each jaw, or 32 in all,—The number 
of bones in a human body is generally estimated 
at about 245; of which there are reckoned, in the 
skull, head, and face, 61; in the trunk, 64; in the 
arms and hands, 60; and in the legs and feet, 60. 
The bones are provided with ligaments, or hinges, 
which bind and fasten them together, and prevent 
them from being displaced by any violent motion; 
and, that the ligaments may work smoothly into 
one another, the joints are separated by cartilages, 
or gristles, and provided with a gland for the se- 
cretion of oil, or mucus, which is constantly ex- 
uding into the joints; so that every requisite is 
provided by our Benevolent Creator, to prevent 
pain, and to promote facility of motion. “In 
considering the joints,” says Dr. Paley, “ there is 
nothing, perhaps, which ought to move our 
gratitude more than the reflection, how well they 
wear. A limb shall swing upon its hinge, or 
play in its socket, many hundred times in an 
hour, for sixty years together, without diminution 
of agility; which is a long time for anything to 
last, for anything so much worked as the joints 
are.”’ 

The Muscurar System.—A muscle is a bundle 
of fleshy, and sometimes of tendinous fibers. The 
fleshy fibers compose the body of the muscle; and 
the tendinous fibers the extremities. Some mus- 
cles are long and round; some plain and circular; 
some have spiral, and some have straight fibers. 
Some are double, having a tendon running through 
the body from head to tail; some have two or 
more tendinous branches running through, with 
various rows and orders of fibers. All these, and 
several other varieties, are essentially requisite for 
the respective offices they have to perform in the 
animal system. The muscles constitute the fleshy 
part of the human body, and give it that varied 
and beautiful form we observe over all its surface. 
But their principal design is, to serve as the organs 
of motion. ‘They are inserted, by strong tendin- 
ous extremities, into the different bones of which 
the skeleton is composed; and by their contrac- 
tion and distention, give rise to all the movements 
of the body. The muscles, therefore, may be 
considered as so many cords attached to the bones; 
and the Author of Nature has fixed them accord- 
ing to the most perfect principles of mechanism, 
so as to produce the fittest motions in the parts 
forthe movements of which they are intended. 

One of the most wonderful properties of the 
muscles is, the extraordinary force they exert, al- 
though they are composed of such slender threads, 
or fibers. The following facts in relation to this 
point, are demonstrated by the celebrated Borelli, 
in his work, ‘De Motu Animalium.”” When a 
man lifts up with his tecth a weight of 200 pounds 
with a rope fastened to the jaw-teeth, the muscles 
named Temporalis and Masseter, with which peo- 
ple chew, and which perform this work, exert a 
force of above 15,000 pounds weight. If any 
one hanging his arm directly downward, lifts a 
weight of 20 pounds, with the third or last joint 
of his thumb, the muscle which bends the thumb, 
and bears that weight, exerts a force of about 
three thousand pounds. When a man, standin 
upon his feet, leaps or springs upward to the hight 
of two feet, if the weight of such a man be 150 
pounds, the muscles employed in that action will 
exert a force 2000 times greater; that is to say, a 
force of about three hundred thousand pounds. 
The heart, at each pulse or contraction, by which 
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it protrudes the blood out of | rior into the 
veins, exerts a force of above a hundred thousand 
pounds. Who can contemplate this: ing 
strength of the muscularsystem, withou ira- 
tion of the power and wisdom of the Creator, 


who has indued a bundle of threads, each of them 
smaller than a hair, with such an astonishing de- 
gree of mechanical force! There have been 
reckoned about 446 muscles in the human body, 
which have been dissected and distinctly descri- 
bed; every one of which is essential to the per- 
formance of some one motion or other, which 
contributes to our ease and enjoyment; and, in 
most instances, a great number of them is re- 
quired to perform their different functions at the 
same time. It has been calculated, that about 
a hundred muscles are employed every time we 
breathe.—“ Breathing with ease,” says Dr. Paley, 
“isa blessing of every moment; yet, of all oth- 
ers, it is that which we possess with the least con- 
sciousness. A man in an asthma is the only man 
who knows how to estimate it.” 

The Heart and Bioop-vessets.—The heart is 
a hollow muscular organ, of a conical shape, and 
consists of four distinct cavities. ‘The two largest 
are called ventricles, and the two smallest auricles. 
The ventricles send out the blood to the arteries; 
the auricles receive it from the veins. The heart 
is inclosed in the pericardium, a membranous bag, 
which contains a quantity of water or lymph. 
This water lubricates the heart, and facilitates all 
its motions. The heart is the general reservoir 
of the blood. When the heart contracts, the 
blood is propelled from the right ventricle into the 
lungs, through the pulmonary arteries, which, 
like all the other arteries, are furnished with 
valves that play easily forward, but admit not the 
blood to return toward the heart. The blood, 
after circulating through the lungs, and having 
there been revivified by coming in contact with 
the air, and imbibing a portion of its oxygen, re- 
turns into the left auricle of the heart, by the 
pulmonary vein. At the same instant, the left 
ventricle drives the blood into the aorta, a large 
artery which sends off branches to supply the 
head and arms. Another large branch of the 
aorta descends along the inside of the backbone, 
and detaches numerous ramifications to nourish 
the bowels and inferior extremities. After serv- 
ing the most remote extremities of the body, the 
arteries are converted into veins, which, in their 
return to the heart, gradually unite into larger 
branches, until the whole terminate in one great 
trunk, called the vena cava, which discharges 
itself into the right auricle of the heart, and com- 
pletes the circulation. Each ventricle of the 
heart is reckoned to contain about one ounce, or 
two table spoonsful of blood. The heart contracts 
4000 times every hour; and, consequently, there 
passes through it 250 pounds of blood in one 
hour. And if the mass of blood in a human 
body be reckoned at an average at twenty-five 
pounds, it will follow, that the whole mass of blood 
passes through the heart, and consequently through 
the thousands’ of ramifications of the veins and 
arteries, ten times every hour, or about once every 
six minutes. We may acquire a rude idea of the 
force with which the blood is impelled from the 
heart, by considering the velocity with which 
water issues from a syringe, or from the pipe of 
a fire-engine. Could we behold these rapid mo- 
tions incessantly going on within us, it would 
overpower our minds with astonishment, and 
even with terror. We should be apt to feel alarm- 
ed on making the smallest exertion, lest the parts 
of this delicate machine should be broken or de- 
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ranged, and its functions interrupted. The arte- 
ries into which the blood is forced, branch in 
every direction through the body, like the roots 
and branches of a tree; running through the sub- 
stance of the bones, and every part of the animal 
frame, until they are lost in such fine tubes as to 
be wholly invisible. In the parts where the arte- 
ries are lost to the sight, the veins take their 
rise; and, in the commencement, are also imper- 
ceptible. Tie 

Resprration.—The organs of respiration are 
the lungs. They are divided into five lobes; three 
of which lie on the right, and two on the left side 
of the thorax. The substance of the lungs is 
chiefly composed of infinite ramifications of the 
trachea, or windpipe, which, after gradually be- 
coming more and more minute, terminate in little 
cells or vesicles, which have a free communica- 
tion with one another. At each inspiration, these 
pipes and cells are filled with air, which is again 
discharged by expiration. In this manner, a cir- 
culation of air, which is necessary to the exis- 
tence of men and other animals, is constantly 
kept up as long as life remains. ‘The air-cells of 
the lungs open into the windpipe, by which they 
communicate with the external atmosphere. The 
whole internal structure of the lungs is lined by a 
transparent membrane, estimated at only the thou- 
sandth part of an inch in thickness; but whose 
surface, from its various convolutions, measures 
fifteen square feet, which is equal to the external © 
surface of the body. On this thin and extensive 
membrane innumerable veins and arteries are dis- 
tributed, some of them finer than hairs; and 
through these vessels all the blood of the system 
is successively propelled, by a most curious and 
admirable mechanism. It has been computed 
that the lungs, on an average, contain about 280 
cubic inches, or about five English quarts of air. 
At each inspiration, about forty cubic inches of 
air are received into the lungs, and the same 
quantity discharged at each expiration. On the 
supposition that twenty respirations take place in 
a minute, it will follow that, in one minute, we 
inhale 800 cubic inches; in an hour, 48,000; and 
in a day, one million one hundred and fifty-two 
thousand cubic inches—a quantity which would 
fill seventy-seven wine hogsheads, and would 
weigh fifty-three pounds Troy. By means of 
this function, a vast body of air is daily brought 
into contact with the mass of blood, and commu- 
nicates to it, its vivifying influence; and, there- 
fore, it is of the utmost importance to health, 
that the air, of which we breathe so considerable 
a quantity, should be. pure and uncontaminated 
with noxious effluvia. 

In respiration, the air meets the blood in the 
lungs, and part of the oxygen of the atmosphere 
is absorbed by it, and imparts to it its red color. 
Part of the oxygen is also converted into carbonia 
acid by combining with earbon, or charcoal, in 
the lungs. In every instance, air which has been 
respired loses a part of its oxygen; the quantity 
varies at different times, according to the opera- 
tion of certain external agents. It is reckoned 
that, upon an average, a man under ordinary cir- 
cumstances consumes 45,000 cubic inches, or 
15,500 grains of oxygen, in 24 hours. A quan- 
tity of carbonic acid is at the same time produced, 
which is generally somewhat less than the oxygen 
consumed, and may be reckoned at 40,000 cubic 
inches in 24 hours. It has been found that in the 
human species different individuals consume dif- 
ferent quantities of oxygen, and of course return 
different quantities of carbonic acid. The breath 
expired has been shown to contains from 6 to 8 per 
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cent. of carbonic acid. It has been found that 
the nitrogen of the air inspired is sometimes re-. 
turned in full volume, and sometimes is partially 
retained and disappears. On the whole, as réspi- 
ration is one of the most important functions of 
animal life, on which our very existence depends, 
so we may plainly perceive, from the above and 
other circumstances, with what a variety of other 
functions it is connected, and on what a variety 
of minute and invisible processes its operations 
depend. . 
Dicestron.—This process is performed by the 
stomach, which is a membranous and muscular 
bag, furnished with two orifices... By the one, it 


has a communication with a gullet, and by the | 


other, with the bowels. The food, after being 
moistened by the saliva, is received into the 
stomach, where it is still further diluted by the 
gastric juice, which has the power’ of dissolving 
every kind of animal and vegetable substance. 
Part of it is afterward absorbed ‘by the lymphatic 
and lacteal vessels, and carried into the circulating 
system, and-converted into blood for supplying 
that nourishment which the perpetual waste, of 
our bodies demands. : 

Prrsprration is the evacuation of the juices of 
the body through the pores of the skin. It has 
been calculated that there are above three hundred 
thousand millions of pores in the glands of the skin 
which covers the body of a middle-sized man. 
Through these pores more than one-half of what 
we eat and drink passes off by ¢nsensible perspira- 
tion. If we consume’eight pounds of food ina 
day, five pounds of it are insensibly discharged by 
perspiration. During a night of seven hours’ 
sleep, we perspire about forty ounces, or two 
pounds.and a half. At an average, we may esti- 
mate the discharge from the surface of the body, 
by sensible and insensible perspiration, at from 
half an ounce to four ounces an hour. This isa 
most wonderful part of the animal economy,.and 
is absolutely necessary to our health, and even to 
our very existence. When partially obstructed, 
colds, rheumatisms, fevers, and other inflamma- 
tory disorders, are produced; and we 
pletely obstructed, the vital function 
clogged and impeded in their movements, and 
death would inevitably ensue. 

Srensation.—The nerves are generally consider- 
ed as the instruments of sensation. They are soft 
white cords which proceed from the brain and 
spinal marrow. They come forth originally by 
pairs. Ten pair proceed from the medullary 
substance of the brain, which are distributed to 
all parts of the head and neck. Thirty pair pro- 
ceed from the spinal marrow, through the verte- 
bre, to all the other parts of the body; being forty 
in all. These nerves, the ramifications of which 
are infinitely various and minute, are distributed 
upon the heart, lungs, blood-vessels, bowels, and 
muscles, until they terminate on the skin or ex- 
ternal covering of the body. Impressions of ex- 
ternal objects are received by the brain from the 
adjacent organs of sense, and the brain exercises 
its commands over the muscles and limbs by 
means of the ner 

Without prosecuting these imperfect descrip- 
tions further, I shall conclude this very hasty 
sketch with the following summary of the parts 
of the body, in the words of Bonnet.— The bones, 
by their joints and solidity, form the foundation 
of this fine machine: the ligaments are strings 
which unite the parts together: the muscles are 
fleshy substances, which act as elastic springs to 
put pee. Sganey the nerves, which are dis- 
persed over the whole body, connect all the parts 
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together: the arteries and veins like rivulets, con- 
life and health throughout: the heart, placed. 
é center, is the focus where the blood col- 
lects, or the acting power by means of which it 
circulates and is preserved: the lungs, by means 
of another power draw in the external air, and 
expel hurtful vapors: the stomach and intestines 
are the magazines where everything that is 
required for the daily supply is prepared: the 
brain, that seat of the soul, is formed in a manner 
suitable to the dignity of its inhabitant: the senses, 
which are the sou!’s ministers, warn it of all 
that is necessary either for its pleasure or use.* 
Adorable Creator! with what. wonderful art hast 
thou formed vs! Though the heavens did not 
exist to proclaim thy glory—though there were 
no created being upon earth, but myself, my own 
bedy might suflice to convince me that thou arta 
God of unlimited power and infinite goodness.” 
This subject suggests a variety of moral and 
religious reflections, but the limits to which I am 
confined will permit me to state only the follow- 
ing:— ¢ s 
1. The economy of the human frame, when 
seriously contemplated, has a tendency to excite 
admiration and astonishment, and to impress us 
with a sense of our continual dependence on a Su- 
pertor Power. What an immense multiplicity ‘of 
machinery must be in action, to enable us to 
breathe, to feel, and to walk! Hundreds of bones 
of diversified forms, connected together by various 
modes of articulation; hundreds of muscles to pro- 
duce motion, each of them acting in at least ten 
different capacities (see p. 36); hundreds of ten- 
dons and ligaments to connect the bones and 
muscles; hundreds of arteries to convey the blood 






‘to. the remotest part of the system; hundreds of 


veins to bring it back to its reservoir the heart; 
thousands of glands secreting humors of various 
kinds from the blood; thousands of lacteal and 
lymphatic tubes, absorbing and conveying nutri- 
ment to, the circulating fluid; millions of pores, 
through which the perspiration is continually 
issuing;.an infinity of ramifications of nerves, dif- 
fusing sensation throughout all the parts of, this 
exquisite machine; and. the heart at every pulsa- 
tion exerting a force of a hundred thousand 
pounds, in order to preserve all this complicated 
machinery in constant operation! ‘The whole of 
this vast system of mechanism must be in action 
before we can walk across our apartments! We 
admire the operation of a steam-engine, and the 
force it exerts. But, though it is constructed of 
the hardest materials which the mines can supply, 
in a few months, some of its essential parts are 
worn and deranged, even although its action 
should be frequently discontinued. But the ani- 
mal machine, though constructed, for the most 
part, of the softest and most flabby substances, 
can go on without intermission in all its diversi- 
fied movements, by night and by day, for the 
space of eighty or a hundred years! the heart giy- 
ing ninety-six thousand strokes every twenty-four 
hours, and the whole mass of blood rushing 
through a thousand pipes of all sizes every four 
minutes! And is'it man that governs these nice 
and complicated movements?. Did he sot the 
heart in motion, or indue it with the muscular 
force it exerts? And when it has ceased to beat, 
cun he command it again to resume its functions? 
Man knows neither the secret springs of the 
machinery within him, nor the half of the pur- 
poses for which they serve, or of the movements 
they perform. Can anything more strikingly 





* Contemplation of Nature, vo). i, p. 64. 
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4 | to such varied and voluntary movements, or coula 


demonstrate our dependence every:moniént } 
: i In emplate them in any other machine, we 


Superior Agent, and that it isin God, mplate I 
and move and have our being?’ Were should be lost P wonder and astonishment. 
pin of the machinery within us, and over whic Beside these voluntary motions, there are a 
we have no control, either broken or deranged, a thousand imponent functions which have no de- 
thousand movements might instantly be interrtipt- | pendence upon our will. Whether we think of 
ed, and our bodies left to crumble into the dust. | it.or not, whether we be sleeping or waking, sit- 
It was considerations of this kind that led the | ting or walking—the heart is incessantly exerting 
celebrated physician Galen, who was a skeptic ih | its muscular power at the center of the system, 
his youth, publicly to acknowledge that a Su- | and sending off streams of blood through hun- 
preme Intelligence must have operated in ordain- | dreds of pipes; the lungs are continually expand- 
ing the laws by which living beings are con-|ing and contracting their thousands of vesicles, 
structed.- And he wrote his excellent treatise, | and imbibing the vital principle of. the air; the 
“ On the uses of the parts of the human frame,’’ | stomach is grinding the food; the lacteals and 
as a solemn hymn to the Creator of the world. |lymphatics are extracting nourishment for the 
“TJ first endeavor from His works,” he says, ‘to | blood; the liver and kidneys drawing off their 
know myself, and afterward by the same means | secretions; and the perspiration issuing from mil- 
to show him to others; to inform them how great | lions of pores. The many other important 
is his wisdom, his goodness, his power.” The | functions with whi re unacquainted, and 
late Dr. Hunter has observed, that Astronomy | over which we have no control, ought to be re- 
und Anatomy are the studies which present us| garded as the immediate agency of the Deity 
with the most striking view of the two most won- | within us, and should excite our incessant admira- 
derful attributes of the Supreme Being. The first | tion and praise. os 
of these fills the mind with the idea of his im- There is one peculiarity in the constitution of 
mensity, in the. largeness, distances, and number | our animal system, which we are apt to overlook, 
of the heavenly bodies; the last astonishes us| and for which we are never sufficiently grateful; 
with his intelligence and art, in the variety and | and that is, the power it possesses of self-restoration. 
delicacy of animal mechanism. A wound heals up of itself; a broken bone is made 
2. The study of the animal economy has a| firm again by a callus; and a dead part is separat- 
powerful tendency to excite emotions of gratitude.|ed and thrown off. If all the wounds we have. 
Man is naturally a thoughtless and wngrateful | ever received were still open and bleeding afresh, ' 
creature. These dispositions are partly owing to | to what a miserable condition should we be re- 
ignorance of the wonders of the human frame, |duced? But by a system of internal powers, be- 
and of the admirable economy of the visible | yond all human comprehension as to the mode of 
world; and this ignorance isowing to the want’ their operation, such dismal effects are effectual- 
of those specific instructions which ought to be|ly prevented. In short, when we consider, that 
communicated by parents and teachers, in con-'| health depends upon such’a numerous assembla 
nection with religion. For there is no rational | of moving organs, and that a single spring out o 
being, who is acquainted with the stracture of his | action, might derange the whole machine, and putt 
animal system, and reflects upon it with the least | a stop to all its coniplicated movements, can we 
degree of attention, but must feel a sentiment of | refrain from joining with the Psalmist in his pious 
admiration and gratitude. ‘The science which un- | exclamation, and grateful resolution, “ How pre- 
folds to us the economy of our bodies, shows us, | cious are thy wonderful contrivances concernin 
on what an infinity of springs and motions and | me, O God! how great is the sum of them! I will 
adaptations, our life and comfort depend. And | praise the I am fearfully and wonderfully 
when we consider, that all these movements are | made. us are thy works, and that my 
performed without. the least eare or laborious ef- | soul knoweth right well.” . 
fort on our part, if we be not altogether brutish, |‘ Omitting the consideration of several other de- 
and insensible of our dependence on a Superior | partments of science, I shall, in the meantime, 
Power, we must be filled with emotions of grati- | notice only another subject connected with reli- 
tude toward Him “whose hands have made and gion, and that is 
fashioned us, and who giveth us life, and breath, 





















and all things.’? Some of the motions to which I HISTORY. 
have adverted depend upon our will; and with 
what celerity do they obey its commands? Be-| History embraces a record and description of 


fore we can rise from our chair, and walk across past facts and events in reference to all the na- 
our apartment, a hundred muscles must be set in | tions and ages of the world, in so far as they are 
motion; every one of these: must be relaxed or | known, and have been transmitted to our time.— 
constricted, just to a certain degree, and no more; | As Natural History contains a record of the ope- 
and all must act harmoniously at the same instant | rations of the Creator in the material world, so 
of time; and at the command of the soul, all these | Sacred and Civil History embraces a record of his 
movements are instantaneously performed. When | transactions in the moral and intellectual world, 
I wish to lift my hand to my head, every part’ of | or, in other words, a detail of the plans and opera- 
the body requisite to produce the effect is put in | tions of his Providence, in relation to the inhabit- 
motion: the nerves are braced, the muscles’ are | ants of our globe. 

stretched or relaxed, the bones play in their soc- | During the period of 3500 years from the erea- 
kets, and the whole’ animal machine coneurs in | tion of man, the Sacred History contained in the 
the action, as if every nerve and muscle had heard | Old Testament is our only source of information 
a sovereign and resistless call. When 1 wish, the | in reference to the state of mankind, and the 
next moment, to extend my hand to my foot, all | events which happened to the human race through- 
these muscles are thrown into a different state, | out that long interval. From the creation of 
and a new set are brought along with them into | Adam to the Deluge—a period of about 2000 
action; and thus we may vary, every moment, | years, according’to the Septuagint chronology— 
the moveme f the muscular system, and the | we have no authenticated account of what hap- 
mechanical a ons it produces, by a simple change | pened to the inhabitants of the wor |, but that 
‘n our volition. Were we not daily accustomed | whichis recorded in the first — of the 
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book of Genesis. And during a period” 
years after the flood, the Sacred Hist 
our only sure guide as to the events whic 
place among the nations of the earth. This his- 
tory, however, relates chiefly to pe inhabitants of 
Judea, and the surrounding nations,—so that the 
greater portion of the history of man, in reference 
to all the other nations of the world, remains to 
be learned in a future state. The Old Testament 
records carry down our views of the history of 
man to the period of the Jewish captivity, and to 
about a hundred years posterior to that. event, 
that is, to within four. or five: hundred years of 
the Christian era. About this period Civil Histo- 
ry becomes definite and authentic, and fills up, 
in some measure, the chasm which is left in the 
Saered History, so that, from this period down- 
ward to the present ‘with the exception | 
of the New Testame: rds—we are indebted 
to civil or profane history, written by men of dif- 
ferent nations, for all our knowledge of the trans- 
actions of mankind and of the events which have 
befallen them during the bypast period of 2500 
years. ; 
Civil history has been divided into Ancient and 
‘Modern History. Ancient; history stretches back 
as far as the authentic records of nations’ can 
carry us; but we have no records to be depended 
upon, separate from Revelation, which can carry 
. us farther back in the lapse of past ages, than 
about a thousand years before the Christian era. 
This department of historie record comprehends 
the history of the Egyptians—the Assyrians aud , 
Babylonians —the Jews and Phenicians — the 
Medes and Persians—the Scythians and Celts—the 
Carthagenians,— and. particularly the history of 
the Greeks and of the Romans, which forms by 
far the larger portion of ancient history, extend- 
ing from the building of Rome in the year 753 
petore Christ, to the subversion of the Roman 
empire in the 6th century of the Christian era, a 
period of about 1300 years— Modern history 
commences where ancient history ends, about the 


6th or 7th century, and comprises 2 history of 
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France, Germany, Britain, Spain, ugal, Italy, 
and other countries in Europe gether with 
what is known in modern times respecting the 
events which have happened in the kingdoms of 
Asia and Africa, and in the settlements of Aus- 
tralasia and America. In reference to all such 
historical records, it is deeply to be lamented that 
they contain little else than details of wars, 
slaughters and devastations, and chiefly present to 
our view pictures of extortion, assassinations, 
wholesale robberies, the destruction of empires, 
the burning of cities, and the desolation of pro- 
vinces. From these records, however, we may 
learn such instructions as the following:— 
Through the medium of sacred history we learn 
the period and the manner of man’s creation ;— 
the reason of his fall from the primitive state of 
integrity in which he was created, and the dismal 
consequences which ensued;—the various move- 
ments of providence in order to his recovery, 
and the means by which human redemption was 
achieved ;—the rh ner in which the Gospel was at 
first promulgated, the countries into which it was 
carried, and the important effects it produced.— 
Through the medium of civil history we learn the 
deep and universal depravity of mankind, as ex- 
hibited in the wars, dissensions, and ravages which 
have desolated our fallen race in every period and 
in every land; we learn the desperate wickedness 
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hold he righteousness of the supreme Ruler o” the 
nd the equity of his administration in the 
nts which have been inflicted on wicked ° 
ations; and the improbability, nay, the impossi- 
bility of men being ever restored to moral order 
and happiness, without a more extensive diffusion 
of the blessings of the gospel of peace, and a 
more cordial acquiescence in the requirements of 
the divine law. ihe 

Such being some of the benefits to be derived. 
from history, it requires no additional arguments 
to show that this branch of knowledge should oc- 
casionally form a subject.of study to every intel- 
ligent Christian. But in order to render the 
study of history subservient to the interests of re- 
ligion, it is not enough merely to gratify our curi- 
osity and imagination, by following out a succes- 
sion of memorable events, by tracing the progress 
of armies and of battles, and listening to the 
groans of the vanquished and the shouts of con- 
guerors. This would be to study history merely 
as skeptics, as atheists, or as writers of novels.— 
When we contemplate the facts which the histo- 
rian presents to our view, we ought to raise our 
eyes to Him who is the Governor among the na- 
tions, “who doth according to his will in the 
armies of heaven and among the inhabitants of 
the earth,” and who overrules the jarring interests 
of mortals, for promoting the prosperity of that 
kingdom which shall never be moved. We should 
view the immoral-propensities and dispositions of 
mankind as portrayed in the page of history, as 
evidences of the depravity of our species, and as 
excitements to propagate, with unremitting ener- 
gy, the knowledge of that Religion, whose sub- 
lime doctrines and pure precepts alone can coun- 
teract the stream of human corruption, and unite 
all nations in one harmonious society. We should 
view the contests of nations, and the results with 
which they are accompanied, as guided by that 
invisible hand which ‘mustereth the armies to 
the battle;”? and should contemplate them either 
as the accomplishment of Divine predictions, as 
the inflictions of retributive justice, as paving the 
way for the introduction of rational liberty and 
social happiness among men, or as ushering in 
that glorious period, when “ the knowledge of the 
Lord shall cover the earth,’’ and the nations shall 
learn war no more. 








Thus I have taken a very cursory survey of. 
some of those sciences which stand in a near rela- 
tion to the objects of Religion; and which may 
indeed be considered as forming so many of its 
subordinate branches. ‘There are many other de- 
partments of knowledge, which at first view do 
not seem to have any relation to Theological sci- 
ence; and yet, on a closer inspection, will be 
found to be essentially connected with the several 
subjects of which I have been treating. For ex- 
ample—some may be apt to imagine that Arithme- 
tic, Geometry, Trigonometry, and other branches* 
of Mathematics, can have no relation to the lead- 
ing objects of Religion. But if these sciences 
had never been cultivated, the most important dis- 
coveries of astronomy, geography, natural philo- 
sophy, and chemistry, would never have been 
made; ships could not have been navigated across 
the ocean; distant continents, and the numerous 
“isles of the sea,’? would have remained unex- 
plored, and their inhabitants left to grope in the 
darkness of heathenism; and of those in- 
struments and engines by which the condition of 





of the human heart in the more private acts of 

ferocity, eruelty, and injustice, which in all ages 

men hover er upon each other;—we be- 
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the human race will be gradually meliorated, and 
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the influence of Christianity extended, would 
never have been invented. Such is the dep 
ence of every branch of useful knowledg 
another, that were any one portion of sc 
which has, a practical tendency, to be discarded, it 
would prevent to a certain degree the improve- 
ment of every other. And consequently, if any 
one science can be shown to have a connection 
with religion, ah et must likewise stand if 
a certain relation to it. It must, therefore, have 
a pernicious effect the minds of the mass of 
the Christian world, when preachers in their ser 
mons endeavor to undervalue scientific know- 
ledge, by attempting to contrast it with the doc- 
trines of Revelation. It would be just as reason- 
able to attempt to contrast the several doctrines, 
duties, and facts recorded in the New Testament, 
with each other, in order to determine their rela- 
tive importance, and to show which of them 
might be altogether overlooked and discarded.— 
The series of facts and of divine revelations com- 
prised in the Bible; the moral and political events 
which diversify the history’ of nations; and the 
physical operations that are going on among the 
rolling worlds on high, and in the chemical 
changes of the invisible atoms of matter—are all 
parts of one he ternal ie under the di- 






rection of the Eternal Mind; every portion of 
which must have a certain relation to the whole. 
And therefore, instead of attempting to degrade one 
part of the Divine fabric, in order to enhance an- 
‘other, our duty is to take an expansive view of 
the whole, and to consider the symmetry and 
proportion of its parts, and their mutual bear- 
ings and relations, in so far as our, opportu- 
nities and the limited faculties of our minds will 
permit. : ; 

If the remarks which have been thrown out in 
this chapter, respecting the connection of the Sci- 
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w—that Sermons, Lectures, systems of Di- 
, and Religious Periodical works, should 
ra peWecasional illustrations of such subjects, 
e purpose of expanding the conceptions of 
professed Christians, and’ of enabling them to 
“take large and comprehensive views of the per- 
fections and the providence of the Almighty— 
It is much to be regretted, that so many members 
of the Christian church are absolute strangers to 
such studies and contemplations; while the time 
and attention that might have been devoted to 
such exercises, have in many cases been usurped 
by the most groveling affections, by foolish pur- 
suits, by gossiping chitchat, and slanderous con- 
versation. Shall the most trifling and absurd 
opinions of, ancient and modern heretics be 
judged worthy of attention, and occupy a place 
in Religious journals, even in discussions 
from the pulpit; and “the mighty acts of 
the Lord,” and the visible wonders of his power 
and wisdom, be thrown completely into the shade! 
To survey with an eye of intelligence the wide- 
extended theater of the Divine operations — to 
mark the agency of the Eternal Mind in every 
object:we behold, and in every movement within 
us and around us, are some of the noblest attain- 
ments of the rational soul; and, in conjunction 
with every other Christian study and acquire- 
ment, are calculated to make “the man of God 
perfect, and thoroughly furnished unto every 
good work.” By such. studies we are, in some 
measure, assimilated to the angelic tribes, whose 
powers of intellect are forevér employed in such 
investigations; and are gradually prepared for 
bearing.a part in ‘heir immortal hymn—“ Great 
and marvelous are thy works, Lord God Almighty; 
just and true are thy ways, thou King of Saints! 
Thou art worthy to receive glory and honor and 

















power; for thou hast created all things, and for 


ences with Religion, have any foundation, it will | thy pleasure they are and were created.” 
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THE RELATION WHICH THE INVENTIONS OF HUMAN ART BEAR TO THE 
OBJECTS OF RELIGION.’ 


In this chapter I shall briefly notice a few phi- 
‘losophical and mechanical inventions, which have 
an obvious bearing on Religion, and on the gone- 
ral propagation of Christianity among the nations. 

The first, and perhaps the most important of 
‘the inventions to which I allude, is the Art or 
Printine, This art appears to have been invented 
(at least in Europe) about the year 1430, by one 
Laurentius, or Laurence Koster, a native of Haer- 
lem, a town in Holland. As he was walking in a 
wood near the city, he began to cut some letters 
upon the rind of a beech tree, which, for the sake 
of gratifying his fancy, being impressed on paper, 
he printed one or two lines as a specimen for his 
grand-children to follow. ‘This having succeeded, 
he meditated greater things: and, first of all, in- 
vented a more glutinous writing-ink, because he 
found the common ink sunk and spread; and 
thus formed whole pages of wood with letters 
cut upon them. * By the gradual improvement 


*T am aware ta the honor of this invention has been 
claimed by other cities beside Haerlem, particularly by 
Strasburg, and Mentz, a city of Germany; and by other in- 





of this art, and ‘its application to the diffusion of 
knowledge, a new era was formed in the annals 
of the human race, and in the progress of science, 
religion, and morals. To it we are chiefly in- 





dividuals beside Laurentius, chiefly by one Faust, common- 
ly called Dr. Fanstus; by Schoeffer, and by Guttenberg, It 
pp dite that the art, with many of its implements, was 
stolen from Laurentius by one of his servants, whom he had 
bound by an oath to secrecy, who fled to Mentz, and first 
commenced the process of printing in that city. Here the 
art was improved by Faust and Schoeffer, by their invention 
of metallic, instead of wooden types, which were first used. 
When Faust was in Paris, disposing of some Bibles he had 
printed, at the low price (as was then thought) of sixty 
crowns, the number, and uniformity of the copies he pos- 
sessed, created universal agitation and astonishment, In- 
formations were given to the police against him as a magi- 
cian, his lodgings were searched, and a great number of 
copies being found, they were seized; the red ink with 
which they were embellished was saidto be his blood: it 
Was seriously adjudged that he was in league with the 
Devil; and if he had not fled from the city, most probably 
he would have shared the fate of those whom ig: Orant and 
Superstitious judges, at that time, condemned for witeh- 





craft. From this circumstance, let us learn eware how 
| We view the inventions of genius, and how we treat those 

whose ingenious contrivances may afterward. -be the means 
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debted for our deliverance from ignoranée and 
error, and for the most of those scientific discove- 
ries and improvements in the arts which — 
guish the period in which we live. Without its 
aid, the Reformation from Popery could scarcely 
have been achieved; for had the books of Luther, 
one of the first reformers, been multiplied by the 
slow process of hand-writing and copying, they 
could never have been diffused to any extent; and 
the influence of bribery and of power might have 
been sufficient to have arrested their progress, or 
even to have erased their existence. But, being 
poured forth from the press in thousands at a 
time, they spread over the nations of Europe, 
like an inundation, and with a rapidity which 
neither the authority of princes, nor the schemes 
of priests and cardinals, nor the bulls of popes, 
could counteract or suspend. To this noble in- 
vention it is owing ti ypies of the Bible have 
been multiplied to the extent of many millions— 
that ten thousands of them are to be found in 
every Protestant country—and that the poorest 
individual who expresses a desire for it, may be 
furnished with the “Word of Life,’ which will 
guide him to a blessed immortality. That Divine 
light which is destined to illuminate every region 









of enlightening and meliorating mankind.—See Appendix, 
Note Ix. 

Various improvements have been made of late years in 
the‘art of Printing. The art of Stercotyping, which was 
invented by Mr. Ged, of Edinburgh, in 1725, but was not 
brought into general use until after the beginning of the pre- 
sent century—is now extensively used, both in Great Britain 
and America, in the printing of such books as have an ex- 
tensive circulation. When a page is intended to be stereo- 
typed, the types are; in the first instance, put up in the usual 
way; but instead of being carried to the press, the page is 
plastered over with liquid stucco to the thickness of about 
half an inch, so that a level cake is formed on the surface 
of the types. As soonas the stucco hardens, the cake’ is 
separated from the types, and on being turned up, shows a 
complete mold-like representation of the faces of the 
types; and there being no longer any use for the types, they 
are carried off and distributed. After the cake is hardened, 
by putting it into an oven, it is next laid in a square iron 
pan, at the bottom of which is a.movable plate, upon 
which the mold is placed, with its face downward.’ The 
pan is then immersed in a pot of molten , and when the 
lead has run into the mold side of the , and formed a 
thin plate all over, there is produced the perfect appearance 
of the faces of the types on which the stucco was plastered. 
The stereotype plates, thus prepared, are next taken to the 
printing-office and made ready for the press, by placing them 
on iron or wooden blocks, so that both plate, and block make 
up the exact hight of a page of real types.—In this manner 
any number of copies of a book may be printed at any time, 
without again incurring the trouble and expense of re-setting 
the types, as is necessary to be done in printing new edi- 
tions: Chambers’ “ Edinburgh Journal ” is regularly ste- | 
reotyped in this way. The types being put up on the premi- 
ses of the publishers, are sent off in pages to a stereotype 
foundery, where two sets of plates are molded. One set 
of plates is kept for use in Edinburgh, and the other sent in 
a box, by the Royal Mail or Steam vessel, to London, where 
it is immediately subjected to a steam press, and in a few 
hours made to produce 20,000 or more printed sheets. 

Steam-printing—which is now coming in general use— 
appears to have been first. introduced by Mr. Konig, a Ger- | 
man, about 1804. The “ Times” newspaper, of November 
28, 1814, appears to have been the first ever printed by ma- 
chinery propelled by steam, and the numbers of that paper 
have been thrown Off by the same process ever since. 4A 
machine of this description, with one cylinder, throws off 
from 900 to 1200 sheets in an hour on one side, requiring two 
boys, one to lay on thé paper, and another to receive it when 
printed. A machine with two cylinders throws off at the 
rate of from 1600 to 2200 an hour, requiring two boys to lay 
on the sheets, and two to take them off—exclusively for 
newspapers. A machine similar to that used by the 
“ Times,” with 4 printing cylinders, requiring the atten- 
dance of 8 boys, throws off about 4000 sheets an hour. By 
the erection of such steam presses, the three grand requi- 
sites, speediness of execution, quantity, and cheapness of 
labor, are secured to an extent which could scarcely have 
been anticipated in a preceding age, and which is calculated 
xigencies of the times in which we live, 
e of every description ‘is rapidly diffusing 
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of the globe, and to sanctify and reform men of 
all nations, and kindreds, and tongues, is accele- 
sen its movements, and directed in its course 
t gh the nations, by the invention of the Art 
of Printing; and ere long it will distribute among 
the inhabitants of every land, the “ Law and the 
Testimony of the Most High,’ to guide their 
steps to the regions of eternal bliss. In short, 
there is not a more powerful engine in the hand 
of Providence, for diffusing the knowledge of the 
nature and the will of the Deity, and for accom- 
plishing the grand objects of Revelation, than the 
art of multiplying books, and of conveying in- 
telligence through the medium of the press. 
Were no such art in existence, we cannot con- 
ceive how an extensive and universal propagation 
of the doctrines of Revelation could be effected, 
unless after the lapse of an indefinite number of 
ages. But with the assistance of this invention, 
in its present improved state, the island of Great 
Britain alone, within less than one hundred years, 
could furnish a copy of the Seriptures to every 
inhabitant of the world, and could defray the ex- 
pense of such an undertaking, with much more 
ease, and with a smaller sum, than were necessa- 
ry to finish the political warfare in which we were 
lately engaged. : 

These considerations teach us that the ingeni- 
ous inventions of the human mind are under the 
direction and control of the Governor of the 
world—are intimately connected with the accom- 
plishment of the plans of his providence; and 
have a tendency, either directly or indirectly, to 
promote, over every region of the earth, the pro- 
gress and extension of the kingdom of the Re- 
deemer. They also show us from what small be- 
ginnings the most magnificent operations of the 
Who 
could have imagined that the simple circumstance 
of a person amusing himself by cutting a few let- 
ters on the bark of a tree, and impressing them 
on paper, was intimately connected with the men- 
tal illumination of mankind? and that the art 
which ‘sprung from this casual process was des- 
tined to be the principal mean of illuminating 
the nations, and of conveying to the ends of the 
earth the “‘salvation of our God?” But “He 
who. rules in the armies of heaven, and among 
the inhabitants of the earth,” and who sees “ the 
end from: the beginning,’’ overrules the most 
minute movements of all his creatures, in sub- 
serviency to his ultimate designs, and shows him- 
self in this respect to be “ wonderful in counsel 
and excellent in working.” “SA 

The Mariner’s Compass.—Another invention 
which has an intimate relation to religion, is the 
Art of Navigation and the invention of the Mari- 
ner’s Compass. Navigation is the art of conduct- 
ing a ship through the sea from one port to 
another. This art was partly known and prac- 
ticed in the early ages of antiquity by the Phe- 
nicians, the Carthaginians, the Egyptians, the 





voyages, except the sun in the day-time, and the 
stars by night. When the sky was overcast with 
clouds, they were thrown into alarms, and durst 
not venture to any great distance from the coast, 
lest they should be carried forward in a course 
opposite to that which they intended, or be driven 
against hidden rocks, or unknown shores. The 
danger and difficulty of the navigation of the an- 
cients on this account may be learned from the 
deliberations, the great Freya, and the 
alarms of Homer’s heroes, when they were about 
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to cross the ASgean sea, an extent of not more 


Romans, and other nations of Europe and Asia. 
But they had no guide to direct them in their “ 
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than 150 miles; and the expedition of the Argo- 
nauts under Jason, across the sea of Marmora 
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tion, and constructed an instrument, by the help 
of which the mariner can now direct his course 


and the Euxine, to the island of Colchis, a dis-| to distant lands, through the vast and pathless 


tance of only four, or five hundred miles, was 
viewed as a most wonderful exploit, at, which 
even the gods themselves were said to be amazed. 
The same thing appears from the narration we 
have in the Acts of the Apostles, of Paul’s voy- 
age from Cesarea to Rome. ‘When,’’ says Luke} 
‘neither sun nor stars in many days appeared, 
and no small tempest lay on us, all hope that we 
should, be saved was then taken away.’’ Being 
deprived of these guides, they were tossed about 
in the Mediterranean, not knowing whether they 
ee carried to north, south, east, or west. So 
_that the voyages of antiquity consisted chiefly in 
creeping along the coast, and seldom venturing 
beyond sight of land: they could not, therefore, 
extend their excursions by sea to distant conti- 
nents and nations; and hence the greater portion 
of the terraqueous globe and its inhabitants were 
to them altogether unknown. It was not before 
the invention of the mariner’s compass that dis- 
tant voyages could be undertaken, that exten- 
sive oceans could be traversed, and an inter- 
course carried on between remote continents and 
the islands of the ocean. 

It is somewhat uncertain at what precise period 
this noble discovery was made; but it appears 
pretty evident that the mariner’s compass was not 
commonly used in navigation before the year 
1420, or only a few years before the invention of 
printing.* ‘The loadstone, in all ages, was known 
to have the property of attracting iron; but its 
tendency to point toward the north and, south 
seems to have been unnoticed until the beginning 
ofsthe twelfth century. About that time, some 
curious persons seem to have-amused themselves 
by making to swim, in a basin of water, a load- 
stone suspended on a piece, of cork; and to have 
remarked, that, when left at liberty, one of its 
extremities pointed to the north. They had also 
remarked, that, when a piece of iron is rubbed 
against the loadstone, it acquires also the property 
of turning toward the north, and of attracting 
needles and filings of iron. From one experiment 
to another, they proceeded to lay a needle, touched 
with the magnet, on two small bits of straw float- 
ing - the water, and to observe that the needle 
invariably turned its point toward the north. The 
first use they seem to have made of these experi- 
ments, was to impose upon simple people by the 
appearance of magic. For example, a hollow 
swan, or the figure of a mermaid, was made to 
swim in a basin of water, and to follow a knife 
with a bit of bread upon its point, which had 
been previously rubbed on the loadstone. The 
experimenter convinced them of his power, by 
commanding, in this way, a needle laid on the 
surface of the water, 'to turn its point from the 
north to the east, or in any other direction. But 
some geniuses, of more sublime and reflective 
powers of mind, seizing upon these hints, at last 
applied these experiments to the wants of naviga- 





*The invention of the compass is usually ascribed to 
Flavio Gioia, of Amalfi, in Campania, about the year 1302; 
and the Italians are strenuons in support of this claim. Oth- 
ers affirm that Marcus Paulus, a Venetian, having made a 
journey to China, brought back the invention with him in 
1260. The French also lay claim to the honor of this in- 
vention, from the circumstance that all nations distinguish 
the North point of the card by a flewr de lis; and, with 
equal reason, the English have laid claiin to the same honor, 
from the name compass, by which most nations have agreed 
to distinguish it. But whoever were the inventors, or at 
whatever period this instrument was first constructed, it does 
not appear that it was brought into general use before the 
period mentioned in the text. 





ocean. ‘The following figure gives a general 


representation of the mariner’s compass. 
Fig. 27. 





In consequence of the discovery of this instru- 
ment, the coasts. of almost every land on the sur- 
face of the globe have been explored, and a regu- 
lar intercourse opened up between the remotest 
regions of the earth. Without the help of this 
noble invention, America, in all probability, 
would never have been discovered by the eastern 
nations, the vast continent of New Holland, the 
numerous and interesting islands, in the Indian 
and Pacific oceans, the isles of Japan, and other 
immense territories inhabited by human beings, 
would have remained as much unknown and un- 
explored as if they had never existed. And as 
the nations of Europe and the western parts of 
Asia were the sole depositories of the records ‘of 
Revelation, they could never have conveyed the 
blessings of salvation to remote countries, and to 
unknown tribes of mankind, of whose existence 
they were entirely ignorant. Even although the 
whole terraqtigous globe had been sketched out 
before them, in all its aspects and bearings, and 
ramifications of islands, continents, seas, and 
oceans, and the moral and political state of every 
tribe of its inhabitants displayed to view, without. 
a guide to direct their course through the billows ~ 
of the ocean, ‘they could have afforded no light 
and no relief to cheer the distant nations “who 
sit in darkness and in the shadow of death.” 
Though the art of printing had been invented; 
though millions of Bibles were now prepared, 
adequate to the supply of all the “kindreds of 
the heathen; though ships in abundance were 
equipped for the enterprise, and thousands of mis- 
sionaries ready to embark, and to devote their 
lives to the instruction of the Pagan world; all 
would be of no avail, and the “ salvation of God’’ 
could never be proclaimed to the ends of the 
world, unless they had the mariner’s compass to 
guide their course through the trackless ocean. 

In this invention, then, we behold a proof of 
the agency of Divine Providence in directing the 
efforts of human genius to subserve the most im- 
portant designs, and contemplate a striking speci- 
men of the “manifold wisdom of God.”? When 
the pious and contemplative Israelite reflected on 
the declaration of the prophets, that “the glory 
of Jehovah should be revealed, and that all flesh 
should see it together,’”’—from the state of the arts 
which then existed, he must have felt many diffi- 
culties in forming a conception of the manner in 


which such predictions should be realized. «The 
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great and wide sea,” now termed the Mediterra- 
nean, formed the boundary of his view, beyond 
which he was unable to penetrate. Of the conti- 
nents and “the isles afar off,’’ and of the far more 
spacious oceans that lay between, he had no 
knowledge’; and how “the ends of the earth’? 
were to be reached, he could form no conception; 
and, in the midst of his perplexing thoughts, he 
could find satisfaction only in the firm belief that 
“with God all things are possible.” But now we 
are enabled not only to contemplate the grand 
designs of the Divine economy, but the principal 
means by which they shall ail, in due time, be 
accomplished, in consequence of the progress of 
science and art, and of their consecration to the 
rearing and extension of the Christian church. 

The two inventions to which I have now ad- 
verted, may, perhaps, be considered as among the 
most striking instances of the connection of hu- 
man art with the objects of Religion. But there 
are many other inventions which, at first view, 
do not appear to bear so near_a relation to the 
progress of Christianity, and yet have an ultimate 
reference to some of its grand and interesting 
objects. 

The TrLEscore.—We might be apt to think, 
on a slight view of the matter, that ‘there can be 
no immediate relation between the grinding and 
polishing of an optic glass, and fitting two or 
more of them in a tube—and the enlargement of 
our views of the operations of the Eternal Mind. 
Yet the connection between these two objects, 
and the dependence of the latter upon the former, 
can be fairly demonstrated:—The:son of a specta- 
cle-maker of Middleburg in Holland, happening 
to amuse himself in his father’s shop, by holding 
two glasses between his finger and his thumb, and 
varying their distances,perceived the weathercock 
of the church spire opposite to him, much larger 
than ordinary, and apparently much nearer, and 
turned upside down. ‘This new wonder excited 
the amazement of the father; he adjusted two 
glasses. on a board, rendering them movable at 
pleasure; and thus formed the first rude imitation 
of a perspective glass, by which distant objects 
are brought near to view. Galileo, a philosopher 
of Tuscany, hearing of the invention, set his 
mind to work, in order to bring it to perfection. 

‘He: fixed his glasses at the end of long organ- 
pipes, and constructed a telescope, which he soon 
directed to different parts of the surrounding hea- 
yens. He discovered four moons revolving round 
the planet Jupiter—spots on the surface of the 
Sun, and the rotation of that globe around its 
axis—mountains and valleys in the Moon—and 
numbers, of fixed stars where scarcely one was 
visible to the naked eye. These discoveries were 
made about the year 1610, a short time after the 
first invention of the telescope. Since that -pe- 
riod, this instrument has passed through various 
degrees of improvement, and, by means of it, ce- 
lestial wonders have been explored in the distant 
spaces of the universe, which, in former times, 
were altogether concealed from mortal view. By 
the help of telescopes, combined with the art of 
measuring the distances and magnitudes of the 
heavenly bodies, our views of the Grandeur of 
the Almighty, of the plenitude of his Power, and 
of the extent of his universal Empire, are extended 
far beyond what could have been conceived in 
former ages. Our prospects of the range of the 
divine operations are no longer confined within 
the limits of the world we inhabit; we can now 
plainly perceive, that the kingdom of God is not 
only “an everlasting dominion,’ but that it ex- 
tends through the unlimited regions of space, 
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comprehending within its vast circumference 
thousands of suns, and ten thousands of worlds, 
all arranged in majestic order, at immense dis- 
tances from one another, and all supported: and 
governed “by Him who rides on the' Heaven of 
heavens,’’ whose greatness is unsearchable, ¥ 
whose understanding is infinite. 

The telescope has also demonstrated to us the 
literal truth of those scriptural declarations which 
assert that the stars are “innumerable.”? Before 
the invention of this instrument, not more than 
about a thousand stars could be perceived by the 
unassisted eye in the clearest night. But this in- 
vention has unfolded to view not only thousands, 
but hundreds of thousands, and millions, of t 
bright luminaries, which lie dispersed in every 
direction’ throughout the boundless dimensions 
of space. In the Milky Way—a whitish zone or 
circle which surrounds the heavens—more than 
ten millions. of stars might be distinguished by 
means of the best telescopes. And the higher the 
magnifying and illuminating powers of the tele- 
scope are, the more numerous those celestial orbs 
appear; leaving us no room to doubt, that count- 
less myriads more lie hid in the distant regions 
of creation, far beyond the reach of the finest 
glasses that can be constructed by human skill, 
and which are known only to Him “who counts 
the number of the stars, and calls them by their 
names.”” 

In short, the telescope may be considered as 
serving the purpose of a vehicle for conveying us 
to the distant regions of space. We would con- 
sider it as a wonderful achievement, could we 
transport ourselves two hundred thousand miles 
from the earth, in the direction of the Moon, in 
order to take a nearer view of that celestial orb. 
But this_instrument enables us to take a much 
nearer inspection of that planet than if we had 
actually surmounted the force of gravitation, tra- 
versed the voids of space, and left the earth 230,- 
000 miles behind us. For, supposing such a jour- 
ney to be accomplished, we should still be ten 
thousand miles distant from’ that orb. But a tele- 
scope which magnifies objects 240 times, can 
carry our views within one thousand miles of the 
Moon; and a telescope, such as Sir W. Herschel’s 
40 feet reflector, which magnifies 6000 times, 
would enable us to’view the mountains and val- 
leys of the Moon, as if we were transported to a 
point about 40 miles from her surface.* We can 
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* Though the highest magnifying power of Sir W. Her- 
schel’s large telescope, which is now dismantled, was esti- 
mated at six thousand times, yet, it does not appear that he 
ever applied this power with success, when viewing the 
moon and the planets. The deficiency of light, when using 
so high a power, would render the view of these objects less 
satisfactory than when viewed with a power of only a thou- 
sand times. Still, it is quite certain, that if any portions of 
the moon’s surface were viewed through an insirument of 
such a power they would appear as large (but not nearly so 
bright and distinct) as if we were placed about 40 miles dis- 
tant from that body. The enlargement of the angle of vi- 
sion, in this ease, or the apparent distance at which the 
moon would be contemplated, is found by dividing the 
moon’s: (istance—240,000 miles, by 6000, the magnifying 
power of the telescope, which produces a quotient of 40—the 
number of miles at which the moon would appear to be 
placed from the eye of the observer. Sir W. Herschel ap- 
pears to have used the highest powers of his telescopes only, 
or chiefly, when viewing some very minute objects in the 
region of the stars. The powers he generally used, and 
with which he made most of his discoveries, were, 227, 460, 
754, 932, and occasionally 2010, 3168, and 6450, for the pur- 
pose of making experiments of their effect .on double stars, 
etc. 

Lord Oxmantown, now Earl of Rosse, after a labor of 
about three years, completed in 1845 the construction of his 
reflecting telescope, which is of much larger dimensions 
than the 40 feet telescope of Herschel. The casting of this 
speculum took place in April, 1842. The metal is 6 feet 
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view the magnificent system of the planet,Saturn, 
by means of this instrument, as distinctly, as if we 
had performed a journey eight hundred millions of 
miles in the direction of that globe; which, at the 
rate of 50 miles an hour, would require a period 
of more than eighteen hundred years to accom- 

By the telescope, we can contemplate the 
region of the fixed stars, their arrangement into 
systems, and their immense numbers, with the 
same distinctness and amplitude of view, as if we 
had actually taken a flight of ten hundred thou- 
sand millions of miles into those unexplored and 
unexplorable regions, which could not be accom 
plished in several millions of years, though our 
motion were as rapid as a ball projected from a 
loadéd cannon. We would justly consider it asa 
_ noble endowment for enabling us to take an ex- 
tensive survey of the works of God, if we had the 
faculty of transporting ourselves to such immense 
distances from the sphere we now occupy; but 
by means of the telescopic tube, we may take 
nearly the same ample views of the dominions of 
the Creator, without stirring a foot from, the 
limits of our terrestrial abode. This instrument 
may, therefore, be considered as a providential 
gift bestowed upon mankind, to serve, in the 
meantime, as a temporary substitute, for - those 
powers of rapid flight with which the seraphim 
are endowed, and for those superior faculties of 
motion with which man himself may be invested, 
when he arrives at the summit of moral per- 
fection.* 

The Microscore—The Microscope is another 
instrument, constructed on similar principles, 
which has greatly expanded our views of the 
“manifold wisdom of God.’? This instrument, 
which discovers to us-small objects invisible to 
the naked eye, was invented soon after the inven- 
tion and improvement of the telescope. By 
means of this optical contrivance, we perceive a 
variety of wonders in almost every object in the 
animal, the. vegetable, and the mineral kingdoms. 
We perceive that every particle of matter, how- 
ever minute, has ‘a determinate form—that the 
very scales on the skin of a haddock are all beau- 
tifully interwoven and variegated, like pieces of 
network, which no art can imitate—that the 
points of the prickles of vegetables, though mag- 
nified a thousand times, appear as sharp and well 
polished as to the naked eye—that évery particle 
of the dust on a moth or a butterfly’s wing, is a 
beautiful and regularly organized feather—that 
every hair of our head is a hollow tube, with 
bulbs and roots, furnished witha variety of threads 
and filaments—and that the pores in our skin, 
through which the sweat and perspiration flow, 
are so numerous and minute, that a grain of sand} 
would cover a hundred and twenty-five thousand 
of them. We perceive animated beings in certain 





diameter, 514 inches thick at the edges, and 5 inches at the 
center, and its weight is about three tons. Its composition 
is copper and tin—126 parts of copper to 5724 of tin. The 
price of the copper alone is reckoned at about £100. By 
grinding and polishing, its thickness was reduced 14 or 1-10 
inch. It is formed into a telescope of 50 feet focal length. 
The casting of this immense speculum, with all the opera~ 
tions connected with it, were accomplished without any ac- 
cident, and with a degree of success beyond expectation, 
This speculum has a reflecting surface of 4071 square inches, 
while that of Herschel’s 40 feet telescope had only 1811 
square inches on its polished surface; so that the quantity 
of light reflected from this speculum is considerably more 
than double that of Herschel’s largest reflector. This cer- 
tainly forms one of the most noble and splendid instruments 
of the kind that have ever been constructed,—and it is not 
improbable that. by its assistance, further interesting disco- 
veries may be made in the regions of the stars, ‘ 
*See Appendix, Note X, 
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liquids, so small that fifty thousand of «alae 
not equal the size of a mite; and yet each of these 
creatures is furnished with a mouth, eyes, sto- 
mach, blood-vessels, and other organs for the per- 
formance of animal functions, In a stagnant 
pool, which is covered with a greenish scum 
during the summer months, every drop of the 
water is found to be a world teeming'‘with thou- 
sands of inhabitants. "The moldy substance which 
usually. adheres to damp bodies, exhibits a forest 
of trees and plants, where the branches, leaves, 
and fruit, can be plainly distinguished. In a 
word, by this admirable instrument we behold the 
same Almighty hand which rounded the spacious 
globe on which we live, and the huge masses of 
the planetary orbs, and directs them in their rapid 
motions through the sky,—employed, at the same 
moment, in rounding and polishing ten thousand 
minute transparent globes in the eye of a fly; 
and boring and arranging veins and arteries, 
and forming and clasping joints and claws, 
for the movements of a mite! We thus learn the 
admirable and astonishing effects of the Wisdom 
of God,and that the Divine Care and Benevolence 
are as much displayed in the construction of the 
smallest insect,as in the elephant or the whale, 
or in those ponderous globes which roll around us 
in thesky. These, and thousands of other views 
which the micrascope exhibits, would never have 
been displayed to the human mind, had they not 
been opened up by this admirable invention. 

In fine, by means of the two instruments to 
which I have now adverted, we behold Jehoyah’s 
empire extending to infinity on either hand. By 
the telescope we are presented with the most 
astonishing displays of his omnipotence, in the im- 
mense number, the rapid motions, and the incon- 
ceivable magnitude, of the celestial globes;—and 
by the microscope, we behold, what is still more 
inconceivable, a display of his unsearchable wis- 
dom in the Divine mechanism, by which a drop 
of water is peopled with myriads of inhabitants— 
a fact, which, were it not subject to ocular de- 
monstration, would far exceed the limits of human 
conception or belief. We have thus the most 
striking and sensible evidence, that, from. the im- 
measurable luminaries of heaven, and from the 
loftiest seraph that stands before the throne of 
God, down to this lower world, and to the small- 
est microscopic animaleule that eludes the finest 
glass—Hn is everywhere present, and, by his 
power, intelligence, and agency, animates, sup- 
ports, and directs the whole. Such views and 
contemplations naturally lead us to advert to the 
character of God, as délineated by the sacred 
writers, that “‘ He is of great power and mighty 
in strength;”’ that “His understanding is infinite;”’ 
that “ His works are wonderful;’’ that « His ope- 
rations are unsearchable, and past finding out;”’ 
and they must excite the devout mind to join 
with fervor in the language of adoration ‘and 
praise— 

When thy amazing works, O God! 
My mental eye surveys, 
«Transported with the view I’m lost 
In wonder, love, and praise.” 

Sream Navication.—We might have been apt 
to suppose, that the chemical experiments that 
were first made to demonstrate the force of Steam 
as a mechanical agent, could have little relation to 
the objects of Religion, or even to the comfort of 
human life and society. Yet it has now been ap- 
plied to the impelling of ships and large boats 
along rivers and seas, in opposition to both wind 
and tide, and with a velocity which, at an average, 
excecds that of any other modo of. convoyance by 
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water. And wo have no reason to believe that 
this invention has hitherto attained its highest 
state of porfection; but that it is still susceptible 
of such improvements, both in point of expedition 
and of safety, as may render it by far the most 
comfortable and speedy conveyance between dis- 
tant lands, for transporting the volume of inspi- 
ration, and the heralds of the gospel of peace, to 
“the ends of the earth.” By the help of his com- 
pass, the mariner is enabled to steer his coursé in 
the midst of the ocean, in. the most cloudy days, 
and in the darkest nights, and to transport his 
vessel from one end of the world to another. It 
now only remains, that navigation be rendered 
safe, uniform, and expeditious, and not dependent 
on adverse winds or the currents of the ocean; 
and there is every reason to expect, as the art of 
propelling vessels: by the force of stéam proceeds 
toward perfection, that these desirable ebjects will 
be fully attained. Even at presont, as the inven- 
tion now stands, were a vessel fitted to encounter 
the waves of the Atlantic, constructed of a proper 
figure and curvature, with a proper disposition of 
her wheels, and having room where fuel can be 
stowed in sufficient quantity for the voyage, at 


the rate of ten miles an hour, she would pass from: 


the shores of Britain to the coast of America, in 
less than thirteen days;—and, even at eight miles 
an hour, the voyage could be completed in little 
more than fifteen days:’so that intelligence might 
pass and repass between the eastern and western 
Continents within the space of a single month—a 
space of time very little more than’ was. requisite, 
eighty years ago, for conveying intelligence be- 
tween Glasgow and London. The greatest dis- 
‘tance at which any two places on the globe can 
lie from each other is about 12,500 miles; and 
therefore if a direct portion of water intervene 
between them, this space could be traversed in 
fifty-four or sixty days.* And, if the isthmus of 





* The above statements were written in 1823, when the 
first edition of this work was published, and were then con- 
sidered as somewhat extravagant anticipations, which were 
scarcely expected to be realized, at least in the present age. 
[t is but within the last few years that one of our most dis- 
tinguished philosophers and engineers, Dr. Lardner, de- 
nounced the scheme of attempting to cross the Atlantic by 
means of steam as an enterprise altogether impracticable. 
But the navigation of the Atlantic, by means of steam ves- 
sels, for several years past, has been regular, and almost as 
common as with ordinary sailing vessels;—and the rate of 
motion has been even greater than what we anticipated. 
The Great Western was among the first steam vessels that 
crossed the Atlantic from Britain to America, in 1838, and 
accomplished the voyage, in safety, in about 13 days, having 
on board above a hundred passengers. Since that period 
other vessels, as the Acadia, Britannia, Caledonia, Colum- 
bia, etc., have regularly performed voyages to and from the 
shores of America and Great Britain, and, except in the 
case of the President, they have all been accomplished 
without any serious accidents;—so that, the practicability 
and the utility of stedm navigation across the ocean may 
now be considered as fully established. Voyages by steam 
are likewise now regularly performed to Lisbon, Cadiz, and 
along the Mediterranean, as far as ‘Alexandria, and from 
Bombay to Suez along the Arabian and the Red sea—and 
therefore we have reason to expect that, in the course of a 
very few years every sea and ocean ‘on the surface of the 
globe will be traversed by steam vessels, promoting a rapid 
intercourse between all the nations, tribes, and families of 
the earth.—The rate of motion at which such vessels are 
impelled across the Atlantic may be deduced from the fol- 
lowing facts. The first voyage of the Britannia, which 
sailed on the 4th July, 1840, from Liverpool to Halifax, was 
accomplished in 12 days, 10 hours; and her return homeward 
occupied only 10 days. The outward voyage of the Colwmn- 
bia, which sailed from Liverpool, May 19, 1842, was per- 
formed in’ 11 days, 22 hours, and her voyage home from Hali 


fax in 9 days, 17 hours. Her voyage from Boston, in the |. 


United States, including a stoppage of 6 hours at Halifax to 
land and take in passengers and mails, was performed in 11 
days, 6 hours, from that city to Liverpool. Of 28 voyages 
af the Acadia, Britannia, Caledonia, and Columbia, per- 
formed in the years 1840, 1841, and 1842, between Liverpool 
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Panama which connects North and South Ameri- 
ca, and the isthmus of Suez, which separates the « 
Mediterranean from the Red sea, were cut into 
wide and deep canals (which we have no doubt 
will be accomplished as soon as civilized nations 
have access to perform operations in these ferrite 
ries), every country in the world could then be 
reached from Europe, in nearly a direct line; or, 
at most, by a gentle curve, instead of the long, 
and dangerous, and circuitous route which must 
now be taken, in sailing for the eastern parts of 
Asia, and the north-western shores of America. 
By this means, eight or nine thousand miles of 
sailing would be saved in a voyage from Englan 
to Nootka Sound, or the peninsula of California 
and more than six thousand miles in passing frofe 
London to Bombay in the East Indies; and few 
places on the east would be farther distant from 
each other by water than 15,000 miles; which 
space might be traversed at the rate stated in 
the preceding note, in a period of about fifty 
days.* 

’ But we have reason. to believe, that when this 
invention, combined with other mechanical assist- 
ances, shall approximate nearer to perfection, a 
much more rapid rate of motion will be effected; 
and the advantages of this, in a religious, as well 
as in a commercial point of view, may be easily 
appreciated; especially at the present period, ° 
when the Christian world, now aroused from 
their slumbers, have framed the grand design of 
sending a Bible to every inhabitant of the globe. 
When the empire of the Prince of Darkness shall 
be shaken throughout all its dependencies, and 
the nations aroused to inquire after light, and 
liberty, and divine knowledge—intelligence would 
thus be rapidly communicated over every region, 
and between the most distant tribes. “Many 
would run to and fro, and knowledge would be 
increased.”? The ambassadors of the Redeemer, 
with the Oracles of Heaven in their hands, and 
the words of salvation in their mouths, would 
quickly be transported to every clime, “ having 
the everlasting gospel to preach to every nation, 
and kindred, and tongue, and people.” 

Amr Baxtoons.—Similar remarks may be ap- 
plied to the invention of air balloons. We have 
heard of some pious people who have mourned 
over such inventions, and lamented the folly of 
mankind in studying their construction and wit- 
nessing their exhibition. Such dispositions gene- 
rally proceed from a narrow range of thought and 
a contracted view of the Divine economy and ar- 
rangemehts in the work of redemption. ‘Though 
the perversity of mankind has often applied useful 
inventions to foolish and even to vicious purposes, 
yet this forms no reason why such inventions 
should be decried; otherwise the art of printing 
and many other useful arts might be regarded as 
inimical to the human race. We have reason to 
believe that air balloons may yet be brought to 
such perfection as to be applied to purposes highly 
beneficial to the progress of the human mind, and 
subservient, in some degree, for effecting the pur- 
poses of Providence in the enlightening and reno- 





and Halifax—the average time employed in the passage is 
found to be as follows: Outward voyage to Halifax 13 days, 
6 hours:—Homeward to Liverpool 11 days, 6 hours. Jt thus 
appears that intelligence may now pass and repass between 
Britain and the continent of America in 23 or 24 days, or 
little more than 3 weeks, so that it is possible a person might 
receive an answer to a communication sent to America in 
less than 344 weeks, At this rate, 15,000 miles—or the 
greatest distance between any two places on the glnb_ by 
water, might be traversed in about 50 days. 
* See Appendix, Note XI. 
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yation of mankind. For this purpose, it is only | came thither to proclaim.* Such a scene (and it 
requisite that some contrivance, or chemical or | may probably be realized) would present a literal 


mechanical principles, be suggested, analogous to | fulfillment of the 


prediction of ‘angels flying 


the sails or rudder of a ship, by which they may | through the midst of’? the aerial “heaven, having 
be moved in any direction, without being directed] the everlasting gospel to preach to. them that 
slely by the course of the wind; and there can | dwell upon the earth, and to every kindred and 


e little doubt that such a contrivance is possible 
to be effected. It requires only suitable encour- 
agement to be given to ingenious experimental 
philosophers, and a suflicie of money to 
enable them to prosecute their experiments on an 
extensive scale. To the want of such prerequisites 
it is chiefly owing that the hints on this subject, 
hitherto suggested, have either failed of success or 
‘have never been carried into execution. A more 
simple and expeditious process for filling balloons 
has lately been effected,—the use of the parachute, 
by which a person may detach himself from the 
balloon, and descend to the earth, has been suc- 
cessfully tried,—the lightning of heaven has been 
drawn from the clouds, and forced to act as a me- 
chanical power in splitting immense stones to 
pieces,—the atmosphere has been analyzed into its 
component parts, and the wonderful properties of 
the ingredients of which it is composed exhibited 
in their separate state ;—and why then should we 
consider it as at,all improbable that the means of 
producing a horizontal direction in aerial naviga- 
tion may soon be discovered? Were this object 
once effected, balloons might be applied to the 
purposes of surveying and exploring countries 
hitherto inaccessible, and of conveying the mes- 
sengers of divine mercy to tribes of our fellow- 
men, whose existence is as yet unknown. 

We are certain that every portion of the inhab- 
ited world must be thoroughly explored, and its 
inhabitants visited, before the salvation of God can 
be carried fully into effect; and for the purpose 
of such explorations, we must of course resort to 
the inventions of human. genius in art and sci- 
ence. Numerous tribes of the sons of Adam are, 
doubtless, residing in regions of the earth with 
which we have no acquaintance, and to which we 
have no access by any of the modes of convey- 
ance presently in use. More. than one half of the 
interior parts of Africa and Asia, and even of 
America, are wholly unknown to the inhabitants of 
The vast regions of Chinese 
Tartary, Thibet, Siberia, and the adjacent districts; 
thé greater portion of Africa, and the continent 
of New Holland; the extensive isles of Borneo, 
Sumatia, New Guinea, and Japan, the territory 
of the Amazons, and the internal parts of North 
America, remain, for the most part, unknown 
and unexplored. The lofty and impassable ranges 
of mountains, and, the deep and rapid rivers, which 
intervene between us and many of those regions, 
together with the savage and plundering hordes 
of men and the tribes of ravenous beasts through 
which the traveler must push his way—present 
to European adventurers barriers which they can- 
not expect to surmount, by the ordinary modes 
of conveyance, for a lapse of ages. But, by bal- 
loons constructed with an apparatus for directing 
their motions, all such obstructions would at once 
be surmounted. The most impenetrable regions, 
now hemmed in by streams and marshes and lofty 
mountains, and a barbarous population, would be 
quickly laid open; and cities and nations, lakes 
and rivers, and fertile plains, to which we are now 
entire strangers, would soon burst upon the view. 
And the very circumstance that the messengers 
of peace and salvation descended upon such wn- 
known tribes from the region of the clouds, might 
arouse their minds and excite their attention and 
regard to the message of divine mercy which they 
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nation.’’ e% 

That the jattention of the philosophical world 
is presently directed to this subject, and that we 
have some prospect of the views above suggested 
being soon realized, will appear from the following 
notice, which some time ago made its appearance 
in the London scientific journals:—A prize being 
offered for the discovery of a horizontal direction 
in aerostation, M. Mingreli of Bologna, M. Pie- 
tripoli of Venice, and M. Lember of Nuremberg, 
have each assumed the merit of resolving this 
problem. It does not appear that any one of these 
has come forward to establish, by practical expe- 
riment, the validity of his claim; but a pamphlet 
has lately been reprinted in Paris (first printed at 
Vienna) on this subject, addressed to all the learn- 
ed societies in Europe. The following passage 
appears in the work: “‘Professor Robertson pro- 
poses to construct an aerostatic machine, 150 feet 
in diameter, to be capable of raising 72,954 kilo- 
grams, equivalent to 149,037 Ibs. weight (French). 
To be capable of conveying all necessaries for 
the support of sixty individuals, scientific charac- 
ters, to be selected by the academicians, and the 
aerial navigations to last for some months, explo- 
ring different hights and climates, etc., in all sea- 
sons. If, from accident or wear, the machine, 
elevated above the ocean, should fail in its func- 
tions, to be furnished with a ship that will insure 
the return of the aeronauts.’ ” : 

Of late years, the attention of several scientific 
gentlemen has been directed. to the improvement 
of aerial navigation, and it is the opinion of many 
that the problem of giving to balloons a horizontal 
direction has been in some measure solved. About 
the year 1837 some plans of this description were 
laid before a committee of the Royal Society, and 
an association was attempted to be formed for ex- 
ploring the continent of Africa by means of a 
large balloon which was to be constructed for this 
special purpose; but after the projectors had pro- 
ceeded a certain length, the scheme was allowed 
to drop, for want of patronage and support. In 





* In this point of view, we cannot but feel the most poig- 
nant regret at the conduct of the Spaniards, after the disco- 
very of America, toward the natives of that country. When 
those untutored people beheld the ships which had conveyed 
Columbus and his associates from the eastern world, the 
dresses and martial order of his troops, and heard their mu- 
sic, and the thunder of their cannon, they were filled with 
astonishment and wonder at the strange objects presented to 
their views they fell prostrate at.their feet, and viewed them 
as a superior race of men. When Cortez afterward entered 
the territories of Mexico, the same sentiments of reverence 
and admiration seemed to pervade its inhabitants. Had 
pure Christian motives actuated the minds of these adven- 
turers, and had it been their ruling desire to communicate 
to those ignorant tribes the blessings of the Gospel of peace, 
and to minister to their external comfort, the circumstance 
now stated would have been highly favorable to the success 
of missionary exertion, and would have led them to listen 
with attention to the message from Heaven. But, unfortn- 
nately for the cause of religion, treachery, lust, cruelty, self. 
ishness, and the cursed love of gold, predominated over 
every other feeling, affixed a stigma to the Christian name, 
and rendered them curses instead of blessings, to that newly 
discovered race of men, It. is most earnestly to be wished, 
that, in future expeditions in quest of unknown tribes, a few 
intelligent and philanthropic missionaries were appointed to 
direct the adventurers in their moral conduct and inter- 
courses with the people they visit, in order that nothing ins 
consistent with Christian principle make its appearance. 
The uniform manifestation of Christian benevolence, purity, 
and rectitude, by a superior race of men, would win the af 
fections of a rude people far more effec ally than all the 
pomp and ensigns of military parade, 


¢ 
the year 1840, Mr.. Green, the most celebrated 
aeronaut of modern times, who has performed 
several hundreds of aerial voyages, proposed mak- 
ing a voyage in a balloon from the American to 
the European continent, across the Atlantic. In 
order to convinee the scientific public of the prac- 
ticability of his propelling or directing.a balloon, 
causing it to ascend or descend, without discharg- 
ing either gas or ballast—and in a tranquil atmo- 
sphere, to move horizontally and in any direction 
—he commenced a series of important: experi- 
ments, at the Polytechnic Institution, London, 
which excited considerable attention, and created 
a-great sensation among the curious in scientific 
matters. The machinery made use of by Mr. G. 
consisted of two propellers attached to a spindle, a 
rudder, a guide-line, and several appendages. The 
propeller appears to have been somewhat like two 
sails of a windmill which were whirled round with 
a rotatory motion, and which were intended to 
produce an effect both on the horizontal progress 
of the balloon and likewise in elevating and de- 
pressing it.* The «practicability of Mr. Green’s 
plans appears to have been admitted by many 
scientific gentlemen; and although he has never 
yet attempted his daring aerial excursion across 
the Atlantic, yet it is well known that he per- 
formed, along with Mr. Mason, in the great Nas- 
sau balloon, an aerial voyage from England across 
the German sea to Weilburg in Germany, one of 
the most daring and extensive voyages hitherto 
attempted, and which was accomplished without 
the least danger. ‘The possibility of an aerial ex- 
cursion across the Atlantic may perhaps be ad- 
mitted; but its expediency, in the meantime, may 
justly be called in question. 

As the invention now stands, the balloon, under 
the direction of such an experienced aeronaut as 
Mr. Green, might be rendered subservient to many 
important purposes, particularly in taking a gene- 
ral survey of unknown countries. .Suppose a bal- 
loon, properly equipped for the purpose, were to 
be elevated either on the eastern or the western 
shores of Africa, so as to pass nearly over the 
central parts of that continent,—by taking ad- 
vantage of the monsoons, or trade-winds, which 
blow for a certain period in the same direction— 
the general aspect and character of this country, 
with which we are at present so little acquainted, 
might be laid open to view, at least as to its more 
prominent and general features. The extent of 
its lakes—the direction and magnitude of its rivers 
—the ranges of mountains with which it is diver- 
sified—its deserts, forests, and cultivated fields— 
the positions and magnitude of its cities—the 
characteristics of its inhabitants, and the probable 
amount of population—with several other parti- 
culars—might all be deduced by an intelligent 
aeronaut, when passing across such a country at 
a proper elevation, beside having an opportunity 
of performing a variety of electric, magnetic, and 
other scientific experiments, for enlarging our 
knowledge of the principles and processes of na- 
ture. In ‘the same manner the Chinese Empire— 
of which we know so little—might be extensively 
surveyed, and our knowledge of that interesting 
and populous region of.the globe rendered more 
definite and expansive. In both these cases, and 
several others, the course of the periodical winds 
might be rendered subservient to the success of 
the enterprise. 





® The reader will find an account of Mr. Green’s experi- 
ments in the Polytechnic Jowrnal for January and February, 
1840, and likewise in the No. of the Mirror for April, etc., 
1840, vol. 35, with an Engraving of the proposed balloon. 
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Should any one be disposed to insinuate, that 
the views now stated on this subject are chimeri- 
cal and fallacious, I beg leave to remind them, 
that not more than twenty years ago, the idea of 
a large vessel, without oars or sails, to be nayi- 
‘gated against the wind with the rapidity of twelve 
miles an hour, would have been considered as 
next to an impossibility, and a mere. fanciful 
scheme, which d never be realized. Yet we 
now behold sw ehicles transporting whole 
villages to the places of their destination, with a 
degrée of ease, comfort, and expedition, formerly 
unknown, and even crossing in safety the wide 
Atlantic ocean. And little more than fifty years 
have elapsed, since it would have been viewed as 
still more chimerical to have broached the idea, 
that a machine might be constructed, by which 
human beings might ascend more than two miles 
above the surface of the earth, and fly through 
the region of the clouds at the rate of seventy 
miles an hour, carrying along with them books, 
instruments, and provisions. . Yet both these 
schemes have been fully realized, and, like many 
other inventions of the human intellect, are doubt- 
less intended to subserve some important ends in 
the economy of Divine Providence.* 





* Balloons were first constructed in the year 1783, by 
Messrs. S. & J. Montgolfier, paper manufacturers at An- 
nonay, in France. A,sheep, a cock, and a duck, were the 
first animals ever carried up into the air by these yehicles. 
At the end of their journey, they were found perfectly safe 
and unhurt, and the sheep was even feeding at perfect ease. 
The first Awman being who ascended into the atmosphere in 
one of those machines, was M, Pilatre de Rozier. This 
adventurer ascended from amidst an astonished multitude 
assembled in a garden in Paris, on the 15th October, 1783, 
in a balloon, whose diameter was 48 feet, and its hight 
about 74; and remained suspended above the city about 
four hours, M. Lunardi, an Italian, soon after astonished 
the people of Scotland and England, by his aerial excur- 
sions, Dr. G. Gregory gives the following account of his first 
ascent:— I was myself a spectator of the flight of Lunardi, 
and I never was present at a sight so interesting and sub- 
lime. The beauty of the gradual ascent, united with a sen- 
timent of terror on account of the danger of the man, and 
the novelty and grandeur of the whole appearance, are more 
than words can express. A delicate woman was so over- 
come with the spectacle, that she died upon the spot as the 
balloon ascended; several fainted; and the silent admiration 
of the anxious multitude was beyond anything I had ever 
beheld.” 

Balloons have generally been made of varnished silk, and? 
of the shape of a globe or a spheroid (see fig. 28), from 
thirty to fifty feet in diameter. ‘They are filled with hydro- 
gen gas, which, as formerly stated, is from twelve to fifteen 
times lighter than‘common air: and they rise in the atmo- 
sphere on the same principle as a piece of cork ascends from 


Fig. 28. 





the bottom of a pail of water. The aerial travelers are seat- 
ed in a basket below the balloon, which is attached to it by 
means of cords.—The Parachute (see fig. 29) is an inven- 
tion, by which the voyager, incases of alarm, may be 
enabled to desert his balloon in mid-air, and descend with- 
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Acoustic Tuxners.—By means of thie inven+| end of a long beam of timber, its beating will be 


tions just now adverted 10, when brought to per- 
fection, mankind may be enabled to transport 
themselves to every region of the globe, with a 
much greater degree of rapidity than has hitherto 
been attained. By the help of the microscope, we 
are enabled to contemplate the invisible worlds of 
life, and by the telescope we ean penetrate into 
regions far beyond the range of the unassisted 
eye. By the arts of Writing and Printing we can 
communicate our sentiments, after a certain lapse 
of time, to every quarter of the world. In the 
progress of human knowledge and improvement, 
it would obviously be of considerable importance, 
could we extend the range of the human voice, and 
communicate intelligence to the distance of a 
thousand miles, in the course of two or’three 
hours; or could we hold an occasional conversa- 
tion with a friend at the distance of twenty or 
thirty miles. From experiments which have 
lately been made, in'reference to the conveyance 
of sound, we have some reason to believe that 
such objects may not be altogether unattainable. 
It has been long’ known that wood is a good con- 
ductor of sound. If a watch be laid on the one 


out injury to the ground. They resemble an umbrella, but 
are of far greater extent. With one of these contrivances, 
twenty-three feet in diameter, M. Gamerin, having detached 
himself from his balloon, descended from a hight of more 
than 4000 feet, and landed without shock or accident. 

The. above representation (fig. 28) exhibits a view of 
Mr. Green’s balloon, when he ascended from St. James’s 
Park, London, on the occasion of the coronation of George 
IV. The form of the balloon was nearly of the shape of a 
pear; it was composed of stripes of variegated silk; and over 
this was thrown an envelope of net-work, which, passing 
down, served as a support to the car in which the aeronaut 
was placed, It may give the reader who has never seen a 
balloon, a general idea of its form and Of the. mode in which 
aerial navigation is performed. 


Fig. 29. 










Fig. 30. 



















































































Figs. 29 and 30 represent the parachute of M. Garnerin 
and the apparatus connected with it. In fic. 30 is shown a 
cylindrical box, about 3 feet in hight and 2 in diameter 
which was attached by a straight, pole, to a truck or disc at 
the tgp, and from this was suspended a large sheet of linen 
somewhat similar to an umbrella. ' M, Garnerin stood in the 
box, and the form the machine assumed on his descent is 
shown in fig. 29, When first cut from the balloon, it descend- 
ed with great velocity, and those who witnessed its progress 
considered his destruction inevitable; but after a few se- 
conds, the canvas opened and the resistance was so great 
that the apparatus diminished in its speed, until, on its ar. 
rival near the earth, it was not greater than, would have re 
sulted from leaping a hight of two feet, - 


distinctly heard, on applying the ear to the other 
end, though it could not be heard at the same dis- 
tance through the air. In ‘“ Nicholson’s Philo- 
\sophical Journal”? for February 1803,’ Mr. HE: 
Walker describes a simple apparatus, connected 
with a speaking trumpet, by means of ‘which, at 
the distance of 1714 feet, he held a conversation 
with another in whispers, too low to be heard 
through the air at that distance. hen the ear 
was placed in a certain position, the words were 
heard as if they had been spoken by an invisible 
being within the trumpet. And what rendered 
the deception still more pleasing, the words were 
more distinct, softer, and more musical, than if 
they had been spoken through the air. 

About the year 1750, a merchant of Cleves, 
named Jorissen, who had become almost totally 
deaf, sitting one day near a harpsichord while 
some one was playing, and having a tobaeco-pipe 
in his mouth, the bowl of which rested acci- 
dentally against the body of the instrument, he 
was agreeably and unexpectedly surprised to hear 
all the notes in the most distinct manner. By a 
‘little reflection and practice, he again obtained 
the use of this valuable sense: for he soon learned, 
—by means of a piece of hard wood, one end of 
which he placed against his teeth, while another 
person placed the other end on his teeth,—to keep 
up a conversation, and to be able to understand 
a whisper. In this way, two persons who have 
stopped their ears may converse with each other, 
when they hold along stick, ora series of sticks, be- 
tween their teeth, or rest their teeth against them. 
The effect is the same, if the person who speaks 
rest the stick against his throat or his breast, or 
when one rests the stick which he holds in his 
teeth against some vessel into which’ the other 
speaks; and’ the effect will be the greater, the 
more the vessel is capable of tremulous motion. 
These experiments demonstrate the facility with 
which the softest whispers may be transmitted. 
Water, too, is found to be a good conductor of 
sound. Dr. Franklin assures us, that he has heard 
under water, at the distance of half a mile, the 
sound of two stones struck against each other. 
It has also been observed, that the velocity of 
sound is much greater in solid bodies, thanin the 
air. By a series of experiments, instituted for 
the purpose of determining this point, Mr. Chladni 
found that the velocity of sound, in certain solid 
bodies, is 16 or 17 times as great as in air. 

But what has a more particular bearing on the 
object hinted at above, is the experiments, lately 
made by M. Biot, “on the transmission of sound 
through solid bodies, and through air, in very. 
long tubes.”? These experiments were made by 
means of long cylindrical pipes, which were con- 
structed for conduits and aqueducts, to embellish 
the city of Paris. With regard to the velocity of 
sound, it was ascertained that “its transmission 


a cast iron is 1014 times as quick as through 
air. ‘The pipes by which he wished to ascertain 


at what distance sounds are audible were 1039 
yards, or nearly five furlongs in length. M. Biot 
was stationed at the one end of this series of pipes, 
and Mr. Martin, a gentleman who assisted in the 
experiments, at the other. They heard the lowest 
Voice, so as perfectly to distinguish the words, and 
to keep up a conversation on all the subjects of 
the experiments. “TI wished,” says M. Biot, “to 
determine the point at which the human voice 
ceases to be audible, but could not accomplish it: 
words spoken as low as when we whisper a secret 
in another’s ear were heard and uiiderstood; so 
that not to be heard, there was but one resource, 


. 





that of not speaking at all—This mode of convers- 
ing with an invisible neighbor is so singular, that 
we cannot help being surprised, even though ac- 
quainted with the cause. Between a question and 
answer, the interval, was not greater than was 
necessary for the transmission of sound. For Mr. 
Martin and I, at the distance of 1039 yards, this 
time was/about 544 seconds.” Reports of a. pis- 
tol fired at one end occasioned a considerable 
explosion at. the other. The air was driven out 
of the pipe with sufficient force to give the hand 
a smart blow, to drive light substances out of it to 
the distance of half a yard, and to extinguish a 
eandle, though it was 1039 yards distant from: the 
place where the pistol was fired. A detailed ac- 
count of these experiments may be seen in Nichol- 
son’s Phil. Jour. for October, 1811.—Don Gautier, 
the inventor of the Telegraph, suggested also the 
method of conveying articulate sounds to a great 
distance. He proposed to build horizontal tun- 
nels, widening at the remoter extremity, and found 
that, at the distance of 400 fathoms, or nearly half 
a mile, the ticking of a watch could be heard far 
better than close to the ear. He-calculated, that 
a series of such tunnels would convey a message 
900 miles in an hour. 

From the experiments, now stated, it appears 
highly probable that sounds may be conveyed to 
an indefinite distance. If one man can converse 
with another at the distance of nearly three quar- 
ters of a mile, by means of the softest whisper, there 
is every reason to believe that they could hold a 
conversation at the distance of 30 or 40 miles, 
provided the requisite tunnels were constructed 
for this purpose. The latter case.does not appear 
more wonderful than the former. Were © this 
point fully determined by experiments conducted 
on a more extensive scale, a variety of interesting 
effects would follow, from a practical application 
of the results. A person, at one end of a large 
city, at an appointed hour, might communicate a 
message, or hold a conversation with his friend, at 
another; friends in neighboring, or even in dis- 
tant towns, might hold an occasional correspon- 
dence by articulate sounds, and recognize each 
ather’s identity by their tones of voice. In the 
ease of sickness, accident, or death, intelligence 
could thus be instantly communicated, and the 
tender sympathy of friends immediately ex- 
changed. A clergyman sitting in his own room, 
in Edinburgh, were it at any time expedient, 
might address a congregation in Musselburgh or 
Dalkeith, or even in Glasgow. He might preach 
the same sermon to his own church, and the next 
hour to an assembly at forty miles distant. And 
surely there could be no valid objection to trying 
the effect of an invisible preacher on a Christian 
audience. On similar principles, an apparatus 
might be constructed for augmenting the strength 
of the human voice, so as to make it extend its 
force to an assembled multitude, composed of fifty 
or a hundred thousand individuals; and the utility 
of such a power, when the mass of mankind are 
once thoroughly aroused to attend to rational and 
religious instruction, may be easily conceived. 
In short, intelligence respecting every important 
discovery, occurrence, and event, might thus be 
communicated, through the extent of a whole 
kingdom, within the space of an hour after it had 
taken place. 

Let none imagine that such a project is either 
chimerical or impossible. M. Biot’s experiment is 
decisive, so far as it goes; that the softest whisper, 
without any diminution of its intensity, may be 
communicated to the distance of nearly three 
quarters of a mile; and there is nothing but actual 
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experiment wanting to convince us, that the ordi- 
nary tones of the human voice may be conyeyed 
to at least twenty times that distance. We are 
Just now acting on a similar principle in distribu- 
ting illumination through large cities. Not above 
40 or 50 years ago, the idea of lighting our apart- 
ments by an invisible substance, produced at ten 
miles distance, would have been considered as chi- 
merical, and as in ssible to be realized, as the idea 
of two persons conversing together, by articulate 
sounds, at sucha distance. It appears no more 
wonderful, that we should be able to hear at.a dis- 
tance of five or six miles, than that we should be 
enabled to see objects at that distance by the tele- 
scope, as distinctly as if we were within a few 
yards of them. Both are the effects of those 
principles and laws which the Creator has inter- 
woven with the system of the material world; and 
‘when man has discovered the mode of their ope- 
ration, it remains with himself to apply them to 
his necessities. What the telescope is to the eye, 
acoustic tunnels would be to the ear; and thus 
those senses on which our improvement in knowl- 
edge and enjoyment chiefly depends, would be 
gradually carried to the utmost perfection of 
which our station on earth will permit. And as 
to the expense of constructing such communica- 
tions, of sound, the tenth part of the millions of ¢ 
money expended in the twenty-one years’ war in - 
which we were lately engaged, would, in all pro- 
bability, be more than’ sufficient for distributing 
‘them, in numerous ramifications, through the 
whole island of Great Britain. Even although 
such a project were partially to fail of success, it 
would be a far more honorable and useful national 
undertaking, than that which now occupies the 
attention of the despots on the continent of Eu- 
rope, and might be accomplished with far less ex- 
penditure, either of blood or of money. Less 
than the fourth part of a million of pounds would 
be sufficient for trying an experiment of this 
kind, on an extensive scale; and such a sum is 
considered as a mere item, when fleets and armies 
are to be equipped for carrying destruction through 
sea‘and land. When will the war-madness cease 
its rage! When will men desist from the work 
of, destruction, and employ their energies and 
their treasures in the cause of human improve-* 
ment? The most chimerical projects that were 
ever suggested by the most enthusiastic visionary, 
are not half so ridiculous and degrading to the 
character of man, as those ambitious and despotic 
schemes, in which the powers of the earth in all 
ages have been chiefly engaged—But on this 
topic it is needless to enlarge, until more extended 
experiments shall have been undertaken. 

Execrric TrLecrarus.—The electric and gal- 
yanic powers have been lately employed in trans- 
mitting telegraphic signals through wires to any 
assignable distance. More than 13 years ago, Sir 
H. Davy, Dr. Ritchie, and several others, formed 
the idea of constructing an electrical telegraph; 
and in 1837, the model of an apparatus for this 
purpose was exhibited by Mr. Alexander to the 
Society of Arts, in Edinburgh. Professor W heat- 
stone, of King’s College, London, lately made 
considerable improvements in'the construction of 
these instruments, particularly in the reduction 
of the number of wires requisite in such an appa- 
ratus——The general principle on which such an 
Operation is founded, is, that of causing the gal- 
vanic current to deflect a needle poised on a cen- 
ter; and, by certain arrangements, the needle is 
made to point to any letter on a dial plate. Pro- 
fessor Wheatstone’s apparatus consists of two 
small-galvanic troughs or batteries; four lengths 
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of copper wire; an object resembling’ a brass 
clock, with a small opening or dial on the surface 
sufficient to show a single letter at a time; close 
by this an upright pivot of brass about 3 inches 
high, having a circular top inseribed with the 
letters of the alphabet all round, and from each 
letter a spike pointing outward. The whole stands 
on a table, except the wi ua hich, being four 
miles in length, and warp B berless convo 
eae through the vaults of college, are ob- 
servable only at their extremities, in connection 
with the apparatus. The galvanic property gene- 
rated in the batteries is made to proceed along the 
wires, and in its passage to affect the mechanism 
in ‘the apparatus now described. The letters can 
be exposed at the ri f two inevery second. A 
gentleman who witnessed its performance, says, 
“ A lady turning the capstan with her finger, 
brought into view the word LONDON, in the 
time it could. be uttered letter by letter, although 
the idea had to travel through 4 miles of wire.” 

The capabilities of the principle of this instru- 
ment have been tested on the line of the Great 
Western Railway. In September, 1839, the wires 
of the electric telegraph were carried to Drayton, 
a distance of 15 miles from London, and the ex- 
periment was attended-with complete success. To 







‘ such a question as the following,—“ How many 


passengers started from Drayton by the 10 o’clock 
train?” the answer could be transmitted from the 
terminus to Drayton and back in less than two 
minutes. The wires of .communication pass 
through a hollow iron tube about an inch anda 
half in diameter, which is fixed about 6 inches 
above the ground, parallel with the railway, and 
about two or three feet distant from it; and it is 
probable that, by this time, they have been car- 
ried forward the whole length of the railway, 
which extends to Bristol, a distance of 117 miles. 

In transmitting the electric influence through 
wires—however great the distance—the time oc- 
cupied in the transmission is’ nearly the same, for 
there is reason to believe that it flies with tho 
same velocity as light, whose rate of motion is 
nearly two hundred thousand miles in a second. 
Were wires extended from Britain to China, on 
the one hand, and to America, on the other, intel- 
ligence could be transmitted to those regions in as 
short a time as in conveying it across a garden or 
a large hall. It is hard to say to what extent 
signals may, in point of fact, be communicated 
in this way, in the course of the improvements 
which are now going forward. Were the nations 
of Europe living in perfect amity and peace, and 
in a friendly communication with each other, 
telegraphs of this description might be ramified 
throughout the whole extent of the continent, 
from north to south, and from east to west; and 
the expense of constructing them would be but a 
slight tem, compared with the sums expended in 
useless. parade, in, warfare, and in schemes of 
folly. They might, at any rate, be spread in dif- 
ferent directions throughout the island of Great 
Britain, or, at least along the great thoroughfares 
leading toward the métropolis; and offices estab- 
lished at different stages for, communicating and 
receiving intelligence—with prices affixed corres- 
ponding to the distance from which the intelligence 
is Gonveyed. It is easy to see that such a rapid 
communication of intelligence—in numerous in- 
stances, which our limits will not permit us. to 
specify—might be highly beneficial to the inter- 
ests of general society. 

Thus it appears that the same physical princi- 
ple or agent which produces the forked and fire- 
ball lightnings, and all the dread phenomena of a 





violent thunder-storm—which rends in pieces thé 
sturdy oak, and strikes whole herds of cattle life- 
less to the ground—which displays its. terrific 
energy in the awful phenomena of volcanoes, 


| hurricanes, and earthquakes—that the same agent 


is now, by human art, rendered subservient to the 
conveyance of swift intelligence from one place 
to another, and to many other usef es in 
society—and, perhaps, ere long, its destructive 
energies may be completely counteracted by the 
contrivances of human ingenuity, when its na- 
ture and properties, and its mode of operation, 
shall be more completely unfolded. And, it is 
not unlikely, as the investigations of philosophy 
proceed, that new principles may be discovered in 
the system of nature, more wonderful than any 
that have yet come within the reach of our knowl- 
edge, which may both enlarge our views of the 
operations of the Creator, and be-applicable to 
manifold beneficial purposes in the economy of 
human society. e : 
Rattways.—The. mode of traveling by means 
of railways, which has been lately introduced into 
Great Britain and many other countries, is an 
improvement no less wonderful and beneficial to 
society than that of steam navigation, and pro- 
mises to promote the general intercourse of man- 
kind, and the conveyance of political and eommer- 
cial intelligence to an extent and with a velocity 
which former ages could never have anticipated. 
It appears that, so early as the year 1676, coals 
were carried from the mines near Neweastle-upon- 
Tyne to the banks of the river, by laying rails of 
timber exactly straight and parallel, on which 
large carts, with four rollers fitting the rails, and 
drawn by horses, could convey at once four or 
five caldrons of coals. About a century after- 
ward, an iron railroad was constructed at. the 
Sheffield colliery. But the first railway resem- 
bling those now in use, as a public thoroughfare 
for the conveyance of goods and passengers, was 
the “Stockton and Darlington Railway,’? which 
was completed. only in 1825, and was the first 
which was attended with complete success. Seve- 
ral years, however, elapsed before steam locomo- 
tive engines were adopted. This noble triumph 
of art, in the swift conveyance of goods and pas- 
sengers, was first practically exhibited at the 
opening of the “Liverpool and Manchester Rail- 
way,’’ on the 15th September, 1830, when it was 
found that trains of carriages could be conveyed 
at the rate of 25 or 30 miles an hour. Since this 
period, railways have been distributed through- 
out almost all the populous districts of our country. 
The rails on which the wheels of the engines 
and carriages move are all made of iron. At first 
it was supposed that malleable iron rails were to 
be preferred; but it is now understood that cast- 
iron rails, if properly made, will endure all the 
tear and wear to which they are in general sub- 
jected. Each individual rail is about 12 feet in 
length, . 6 inches in depth at the two ends. 
Their thickness is about, one inch, and the upper 
surface on which the wheel is to run, about two 
inches, so.as i Project laterally like the cross top 
of the letter T. -They are pinned together at 
their extremities, and are supported at intervals 
of every three feet. The supporters on some 
lines of railroad consist of stone sleepers sunk 
into the ground; but it is generally admitted that 
transverse bars of wood sunk in the ground are 
preferable, as both lines of rail are thus kept from 
separating or shifting, and as stone sleepers pre- 
sent too unyielding a base to the rolling of the 
wheels. In order to. keep the wheelg on the rails, 
they are furnished with thin edges, which dip on 
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the outside. The wheels of the locomotive have, with water and fuel, the tender weighs about 7 


a diameter of about 4 feet; the diameter for the 
wagon or carriage-wheels is generally from 30 to 
36 inches. The locomotive is now generally 
placed upon six wheels; the front and hind pair 
being smaller than those in the middle; these | 
middle ones being the wheels upon which, by the 
action of eranks from the engine, the whole mass 
is propelled. A chimney rises in front, and a 
standing place behind is allotted for the engineer, 
who.conducts and regulates the machine. The 
barrel-like object next the engineer consists of a 
furnace or fire-box, and the heat generated in it 
by the consumption of coke, is conducted thence 
through a great number of tubes in the cylinder, 
and finally escapes at the chimney. By means 
of lever handles affecting the mechanism, the en- 
gineer can at pleasure produce or stop the motion 
as effectually as a coach-driver could set off, or 
arrest the progress of his horses. Immediately 
behind the locomotive is a carriage called the ten-' 
der, which is loaded with fuel, and has atank 
round its sides containing water. The'weight of 
a locomotive, supplied with its proper- quantity 
of water and fuel, is about 12 tons. When filled 
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tons; it can carry 700 gallons of water, and eight 
hundred weight of coke—which will form a sup- 
ply for a trip of 30 er 40 miles. 

* The expenses incurred in the construction and 
management of railways are very considerable.— 
All inequalities of surface in the line proposed 
must be removed—low parts filled up by embank- 
ments—high parts reduced—eminences which it 
would be impossible or too expensive to lov 
must be perforated by tunnels, and over dells an 
rivers viaducts require to be thrown, consisting, in 
some cases, of numerous arches. Beside, a pre- 
vious survey must be madé—the land over which 
it is to pass must be purchased sometimes at/an 
exorbitant price—an act of parliament must be 
procured—and various petty aabiveationg “oppo- 
sitions, arising from the avarice and obstinacy of 


| landed proprietors, must be overcome, which not 


unfrequently add to all the other expenses. It has 


been estimated that, at an average, £30,000 per 


mile may be considered as a moderate outlay in 
the- construction: of railways, throughout most 
parts of Great Britain. The London and Bir- 
mingham railway—a line extending 112 miles— 
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cost much more; its whole expense amounted to 
several millions of pounds. The least expensive 
railway we have yet heard of, is that between 
Dundee and Arbroath, the average expense of 
which per mile is estimated not to exceed £8000. 
The cost of a locomotive is-about £1700, and it 
seldom wears longer than two years without un- 
dergoing an extensive repair. Ordinary locomo- 
tives evaporate 77 cubic feet of water per hour; 
those on the Great Western failway about 200 
éubic feet. The evaporation of one cubic foot 
per hour produces a mechanical force of nearly 2 
horse power; consequently we may ascertain the 
power of a locomotive by multiplying by 2 the 
number of cubic feet which it evaporates in an 
hour. An ordinary sized locomotive exerts a 
power of 150 horses; a horse upon a common 
road cannot draw for any length of time more 
than 15 hundred weight, while on a railway it 
will pull with equal ease ten tons, which is thir- 
teen times the amount; and therefore the power 
of a locomotive such as is usually employed, is 
equal to a draught of 1462 tons. 

The railways in most parts of Britain consist 
of two tracks, suitable for trains going in opposite 
directions; in-America, Belgium, and other places, 
they consist generally of but one track. On 
most of the lines there are slow trains for goods 
and 2d class passengers—fast trains, taking only 
ist and 2d class carriages—some! lines have mal 
trains which proceed at more than usual speed, 
and stop’ at fewer places by the way. The Ist 
class carriages are covered—the 2d class carriages 
are open at the sides—and the 3d class carriages 
are entirely open, in some of which the passen- 
gers are obliged to stand during the journey, 
arising from a principle of avarice in the propri- 
etors, and a foolish design of compelling, if possi- 
ble, the lower classes to select the Ist and 2d class 
carriages. The carriages for. goods are open on 
trucks, on which the articles are piled; and for 
cattle there are open trucks with a railing round 
the sides. All the carriages in a train—amount- 
ing in seme cases to twenty or thirty—are linked 





one to the other by strong iron hooks, and to pre- 
vent them from shocks, against each other, the 
various carriages are provided with projecting 
rods on springs cushioned at the outer extremi- 
ties. Fiom one hundred to a thousand passengers 
are thus conveyed, at one time, from one city or 
town to another; and it is a universal rule that 
no servant or officer shall on any account take a 
fee from passengers, on pain of instant dismissal. 

About 50 railways have been completed in the 
United Kingdom of Great Britain up to 1842.— 
The following are some of the principal lines—in 
England—The Liverpool and Manchester Rail- 
way, 32 miles in length, which cost £46,000 per 
mile; the London and Birmingham Railway, 1121 
miles long, connecting the metropolis with the 
center of England, in which are several long and 
expensive tunnels, and which cost above £90,000 
permile; the Grand Junction Railway, 79 miles in 
length, connecting the London and Birmingham 
line to. that of Liverpool and Manchester, and 
also to a railway proceeding northward to Lan- 
easter, which cost £21,859 per mile, forming an 
important thoroughfare obliquely across the coun- 
try; the Manchester and Leeds Railway, 50 miles 
in length; the Midland Counties, North Midland 
and Great North of England railways, connect- 
ing the great seats of trade in Northumberland, 
Durham, Yorkshire, and, Derbyshire, with the 
London and Birmingham line; the Newcastle and 
Carlisle Railway, 61 miles long; the Great Wes- 
tern Railway, 117 miles long; which cost £53,241 
per mile, and which connects London with Bris- 
tol and with smaller tributary lines opening up 
the west of England; the South-Western Rail- 
way, 77 miles long, connecting London with 
Southampton.— The principal lines of railway 
in Scotland are—The Edinburgh and Glasgow 
Railway, about 46 miles long, on which are seve- 
ral beautiful and extensive viaducts, which was 
opened in the beginning of 1842; the Glasgow 
and Ayr Railway, about 40 miles long; the Glas- 
gow, Paisley, and Greenock, 2214 miles long; the 
Dundee, Newtyle, and Cupar-Angus railways, 
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about 17 miles long; the Dundee and» Arbroath 
Railway, 17 miles in length; and the Arbroath 
and Forfar Railway, 15 miles long. Beside these, 
several others are projected, to connect Edinburgh 
and Newcastle, on the one hand, and with Dun- 
dee, Montrose, and Aberdeen, on the other. And 
we trust the period is not far distant, when every 
part of our country shall be intersected with these 
cheap and expeditious modes of conveyance.*— 
Pe most prosperous of all the lines is that of the 

mndon and Birmingham, the weekly revenue of 
which is upward of £16,000; the weekly revenue 
cof the Grand Junction, which joins it, is £900.— 
In the “Railway Magazine,”’ July, 1842, the fol- 









aii calculation is given of a late weekly 
return of 40 railways, 1431 miles in length— 
“ Number of yérs on 25 railways, 289,819; 
consequently for the week, on the whole, 
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must be’about 400,000. ‘The receipts for passen- 
gers on 39 railways, £74,938 15s. 61¢d.; ditto for 
goods on 33 railways, £17,826 4s. T}gd.s total, 
£92,765 0s. 11gd. This is an average of £64 Os. 
34d. per mile, per week. The trattic, therefore, 
is at the rate of about four millions a year, and 
carrying fifteen millions of passengers.” * : 

The velocity with which railway trains gene- 
rally proceed, is from 20 to 25 miles per hour; 
but on some of the ‘English railways it is much 
more rapid. The lines upon which the trains tra- | 
vel with the greatest speed are as follows:+Ave- 
rage speed exclusive of stoppages—Northern and 
Eastern Railway 36 miles per hour; Great Wes- 
tern Railway 33; London and ‘Brighton 30; New- 
castle and North Shields 30; Midland Counties 29; 
Northland 29; London and Birmingham. 27;—At 
the ordinary rate of speed, a journey from Lon- 
don to Liverpool by thélinall train—a distance of 
about 210 miles—is performed in about 9 hours; 
and when railways shall be extended from the 
South to Edinburgh, the journey from. that city 
to London may be accomplished in less than 18 
hours; so that a person may leave Edinburgh at 6 
in the morning, and take supper in London the 
same evening—a journey which not long ago, 
occupied nearly a fortnight. 

Traveling on railways is on the whole attend- 
ed with less danger than in stage-coaches or, any 
other mode of conveyance. The'personal imjuries 
and loss of life, which have occurred chiefly on 
the English railways, are, without almost an ex-. 
ception, to be attributed, either to the ignorance 
and carelessness of the engine: drivers, or to the 
imprudence and recklessness of those who have 
been the victims of accidents. Were men of su- 
perior intelligence and prudence always employed 
to direct the motions of the trains, and were the 
public at large to attend to the restrictions and 
regulations prescribed in reference to railways, 
almost every accident might be prevented. On 
the Dundee and: Arbroath Railway, which has 
been in operation for four years, scarcely an‘acci- 
dent has ever occutred to any of the passengers, 
and those few which have happened on that line 
were entirely owing to the folly and imprudence 
of those who were the victims. 

The utility of Railway communication, when 
properly conducted, must be obvious to all. Ina 
commercial country, such as ours, the rapid con- 
veyance of goods of all descriptions from one town 
to another, is an object of peculiar importance. 
Even in agricultural districts, the formation of 








* The number of passengers booked for Edinburgh, at the 
several stations, on the Edinburgh and Glasgow Railway, on 
the 9th of August, 1842—the day of the Highland Society’s 
exhibition—amounted to 4883. ‘ 2 
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railroads:has enabled the landed proprietor to bing 
to a high state of cultivation extensive districts’ 0 

land which would otherwise have remained’ barren 
and useless. ; such advantages are as nothing, 
when, compared with the increased diffusion of 
useful knowledge which must follow from a cheap 
and rapid conveyance over the British Empire, 


and over all those countries that. adopted 
similar modes of communication and transport.— 
Man is thus brought into juxta-position ith his 


fellow-men; time and space are shortened, and 
cities a hundred miles distant may be considered 
as nearly adjacent, since they can be reached in 
the course of three or four hours. Friends, re- 
latives, and correspondents can thus visit each 
other though at.a distance, without much loss of 
time or money—communicate. information, and 
interchange “brotherly kindness and affection.” 
During the summer months, those confined in 
towns have anopportunity of taking excursions 
into the country for health and recreation, with- 
out any serious interference with the demands of 
business. Letters, newspapers, and periodicals of 
all descriptions, can be conveyed with ‘a speed 
which, formerly, could. neither have been effected 
nor anticipated. In certain cases, a letter may be 
written, sent through the Post-office, and delivered 
at the distance of 20 miles, in the course of a 
single hour. From Liverpool a letter may be dis- 
patched to London, a distance of more than 200 
miles, and an answer received in the course of the 
same day. As ignorance, superstition, and foolish 
prejudices, are the companions of those who live 
in retired districts, and seldom go beyond the 
view :of the smoke oftheir father’s chimney— 
so, when the great body of our fellow-men have 
an opportunity of taking extensive excursions 
through the country, we may expect that their 
minds- will be expanded, their conceptions en- 
larged, and their views of nature and human 
society rendered more definite and extensive, so 
that they shall be enabled to take in ideas and 
portions of knowledge of which they were former- 
ly ignorant. ‘Many shall run to and fro, and 
knowledge shall be increased.’’ Beside, the fre- 
quent intercourse of man with his fellow-men of 
every grade has a natural tendency to promote 
friendship, esteem, and mutual affection. Civili- 
zation can alone be promoted by the frequent so- 
cial intercourse of human beings; and wherever 
this intercourse exists, reciprocal benefits will 
always ensue; and such an intercourse among 


vall ranks is now facilitated and, promoted by the 


invention and formation of railways. 

It is likewise obvious that-Christianity and the 
Christian virtues may, by such improvements in 
traveling, be promoted and extended. “As in 
water face answereth to face, so doth the heart of 
man to man.” In communicating religious in- 
struction, admonition, and reproof, or in adminis- 
tering comfort under affliction, in most instances, 
the presence and countenance of a friend, and the 
living voice—breathing “words that burn,’ and 
which soothe or pierce the heart—generally pro- 
and more permanent impression, 
where personal intercourse is obtained, than the 
same sentiments communicated by letter. For 
as irom sharpeneth iron, so a man sharpeneth the 
countenance of his friend.’? We can also conceive 
many cases in which the labors of a minister of 
religion, and of a Christian missionary, may be 
greatly. facilitated and rendered successful by a 
rapid conveyance from one place to another, and 
where missionary and other philanthropic associa- 
tions would be more numerously attended and 
patronized by Christians having a cheap and ex- 
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peditious conveyance to the places in which they 
are held. In short, were such modes of traveling 
introduced into every country, we should quickly 
hear of what is passing in all parts of the world, 
and learn the aspect of the Divine dispensations 
toward all nations; we should learn, without loss 
of time, the result of all the missionary enterprises 
which haye been undertaken for the conversion 
and renovation of the heathen world, and be ‘in 
readiness to send forth, by a speedy course, other 
missionaries wherever they were wanted, to spread 
abroad’ the fame of the Redeemer, and the know- 
ledge of that Revelation which points-out the way 
to a blessed immortality. 

Im the preceding sketches I have presented a 
few specimens Of the relation which the inven- 
tions of human ingenuity bear to religious objects. 
I intended to have traced the same relation in 
several other instances: in the invention of the 
electrical machine, the air-pump, mills, clocks, 
and watches, gas-lights, chemical fumigations, 
inventions for enabling us to walk upon the water, 
to prevent and alleviate the dangers of shipwreck, 
etc. But as my prescribed limits will not.permit 
further enlargement, J trust that what has’ been 
already stated will be sufficient to establish and 
illustrate my general position. From this subject 
we may learn :— 

1. That. the various processes of art, and the 
exertions of human ingenuity, are under the spe- 
cial direction of Him who. arranges all’ things 
‘saccording to the counsel of his will.’? As “the 
king’s heart is in the hand of the Lord, and as 
the: rivers of waters he turns it whithersoever he 
pleases,’ so all the varied schemes and move- 
ments of the human mind, the discoveries of 
science, and the ‘diversified experiments of me- 
chanics, chemists, and philosophers, are directed 
in such channels as may issue in the accomplish- 
ment of His eternal purposes, in respect to the 
present and future condition of the inhabitants of 
our world. This truth is also plainly taught us 
in the records of Inspiration. ‘Doth the plow- 
man plow all day to sow? Doth he open and 
break the clods of his ground? When he hath 
made plain the face thereof, doth he not cast 
abroad the vetches, and scatter the cummin,* and 
cast in the wheat in the principal [place], and the 
barley in the appointed place, and the rye in its 
proper place? For his God doth instruct him to 
discretion, and doth teach him. 'This also cometh 
forth from the Lord of hosts, who is wonderful in 
counsel, and excellent in working.’ Agricul- 
ture has, by most nations, been attributed to the 
suggestions of Deity; for “every good and perfect 
gift cometh down from the Father of lights.” It 
is he who hath taught men to dig from the bowels 
of the earth, iron, copper, lead, silver, and gold, 
and to apply them to useful purposes in social life, 
and who hath given them “wisdom and under- 
standing” to apply the animal and vegetable pro- 
ductions of nature to the manufacture of cloths, 
linen, muslin, and silk, for’ the use and the orna- 
ment of man. For “all things are of God.” 
‘‘ Both riches and honor come from-him, and he 
reigneth over all, and in his hand is power and 
might, and in his hand it is to make great, and 
to give strength to all.’ When the frame of the 
Mosaic Tabernacle and all its curious vessels were 
to be constructed, the mind of Bezaleel “ was fill- 
ed with the Spirit of God, in wisdom and under- 
standing, and in knowledge, and in all manner of 








* Vetches is a kind of seed frequently sown in Judea, for 
the use of cattle; and cwmmin is the seed of a plant some- 
what like fennel. 
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workmanship, to devise curious works in gold, 
and in silver, and in brass.’? And when the fabric 
of the New Testament Church is to be reared, 
and its boundaries extended, artificers of every 
description, adequate for carrying on the different 
parts of the work, are raised up, and inspired with 
the spirit of their respective departments—some 
with. the spirit of writing, printing, and publish- 
ing; some with the spirit of preaching, lecturing, 
and catechising; some with the spirit of fortitude, 


-to make bold and daring adventures into distant 


barbarous climes; and others with the spirit of 
literature, of ‘science, and of the mechanical arts 
—all acting ds pioneers “to prepare the way of 
the Lord,” and as builders _ r 
and completing the fa the , Christian 
Church. “f 

2. All the mechanical ¢ ivances to which I 
have adverted, all*the discoveries of science, and 
all the useful inventions of genius which may 
hereafter be exhibited, ought to be viewed as pre- 
paring the way for the millennial era of the 
church, and as’ having a certain tendency to the 
melioration of the external condition of mankind 
during its continuance. We are certain, from the 
very nature of things, as well as from scriptural 
prediction, that, when this period advances toward 






| the summit of its glory, the’ external cireum- 


stances of this world’s population will be comfort- 
able, prosperous, and greatly meliorated, beyond 
what they have ever been in the, days that are 
past— Then shall the earth yield her increase, 
and God, even our own God, shall bless us.’’ 
“Then shall he give the rain of thy seed, that 
thou shalt sow the ground withal; and bread. of 
the increase of the earth, and it shall be fat and 
plenteous: in that day shall thy cattle feed in 
large pastures. The oxen likewise, and the young 
asses that ear the ground, shall eat savory pro- 
vender, which hath been winnowed with a shovel 
and with the fan.’? “And the inhabitant ‘shall 
not say, I am sick.’? ‘They shall build houses 
and inhabit them; and they shall plant vineyards, 
and eat the fruit of them. They shall not build, 
and another inhabit; they shall not plant, and 
another eat: for as the days of a tree are the days 
of my people, and mine elect shall long enjoy the 
work of their hands. They shall not labor in 
vain, nor bring forth for trouble; for they are the 
seed of the blessed of the Lord, and their offspring 
with them.” ‘The seed shall be prosperous; ‘the 
vine shall give her fruit, and the ground shall give 
her increase, and the heavens shall give their 
dew.’ “The evil beasts shall cease out of the 
land: and they shall sit every man under his vine, 
and under his fig-tree; and none shall make him 
afraid.”? “For wars shall cease to the ends of the 
world; and the knowledge of the Lord shall cover 
the earth, as the waters cover the sea.’’* Dis- 
eases will be, in a great measure, banished from 
the world, and the life of man extended far be- 
yond its present duration—agriculture will ‘be 
brought to perfection—commodious habitations 
erected for the comfortable accommodation of all 
ranks—cities built on elegant and spacious plans, 
adapted to health, ornament and pleasure; divested 
of all the filth, and darkness and gloom, and nar- 
row lanes, which now disgrace the abodes of men 
—roads will be constructed on improved princi- 
ples, with comfortable means of retreat for shelter 
and accommodation at all seasons; and convey- 
ances invented for the ease, and safety, and rapid 
conveyance of persons and property from one 





* Psalmilxvii. 6; Isaiah, xxx. 23,24: xxxiii. 24; Ixy. 21-235 
Zech., viii. 12; Micah, iv..4, etc. 
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place to another. Hither the climates ofthe earth 
will be meliorated by the universal cultivation of 
the soil, so that storms and tempests, thunders 
and lightnings, shall no longer produce their pre- 
sent ravages; or chemical and mechanical contri- 
vances will be invented to ward off their destruc- 
tive effects. The landscape of the earth will be 
adorned with vegetable and architectural beauty; 
and, instead of horse-racing, demoralizing plays, 
routs and masquerades, boxing and bull-fights— 
artificial displays of scenery will be exhibited, 
more congenial to the dignity of rational, reno- 
vated, and immortal minds. For “the knowledge 

the Lord,” and the “ beauties of holiness,” will 
porta men of all ranks and ages, “from the 
least even to the greatest.’** 

Now, as we hav eason to expect any mira- 
culous interference, must regard the past and 
the future useful inventions of philosophy and 

echanics, as having a bearing on this glorious 
Peiiod, and a tendency to promote the improve- 
ment and the telicity of those who shall live 
during this era of Messiah’s reign. ‘If diseases 
are to be generally abolished, it will be owing to 
the researches of the scientific physician in dis- 
covering certain antidotes against every disorder, 


and to the practice of temperance, meekness, | 


equanimity, and every other mean of .preserving 
the vigor of the animal frame. For vicious pas- 
sions and pursuits are the source of numerous 
disorders which, along with the anxieties, per- 
plexities, and remorse which accompany them, 
gradually prey upon the human frame, and cut 
short the period of human existence—while the 
regular exercise of faith, love, hope, joy, and 
other Christian graces have an evident tendency 
to promote both health and longevity. If the 
earth is to produce its treasures in abundance, 
and with little labor, it will be owing in part to 
the improvement of agricultural science, and of 
the instruments by which its operations are con- 
ducted. If the lightnings of heaven shall no 
longer prove destructive to man and to the labors 


nw 


CHAPT 


SCRIPTURAL DOCTRINES AND FACTS 
NAT 


Wirnovt spending time in any introductory 
observations on this subject, it may be remarked 
in general, 


I.—That Scientific Knowledge, or an acquaintance 
with the System of Nature, may frequently serve 
as a guide to the true interpretation of Scripture. 


It may be laid down, as a universal principle, 
that there can be no real discrepancy between a 





* The various circumstances above stated, may be consi- | 


dered as the natural results of a'state of society on which 
the light of science and of revelation has diffused its full in- 
fluence, and where the active powers of the human mind are 
invariably directed by the pure principlessand precepts of 
Christianity. That the duration of human life, at the era 
referred to, will be extended beyond its present boundary, 
appears to be intimated in some of the passages above 
quoted, particularly the following:—*4s the days of a tree 
shall be the days of my people, and mine elect shall long 
enjoy the work of their hands.” And if the life of man will 
be thus protracted to an indefinite period, it will follow, that 
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of his hands, it will be effected either by machi- 
nery for drawing off the electricity of a stormy 
cloud, or by the invention of thunder-guards, 
which shall affor Be npiets protection from its 
ravages. In these, and numerous other instances, 
the inventions of men, under the guidance of the 
Spirit of Wisdom, will have a tendency to remove 
a great part of the curse which has so long hung 
over our sinful.world. And sinve the inventions 
of human skill and ingenuity for the melioration 
of mankind, and for the swift conveyance of in- 
telligence, have of late years been rapidly increas- 
ing, at. the same time when the Christian world is 
roused to increased exertions in disseminating the 
Scriptures throughout all lands, when general 
knowledge is increasingly diffused, and-when the 
fabric of Superstition and Despotism is shaking 
to its foundations,—these combined and simulta- 
neous movements seem plainly to indicate, that 
‘that auspicious era is fast. hastening on, when 
“the glory of Jehovah shall be revealed, and all 
flesh shall see it together,’’ when “ righteousness 
and praise shall spring forth before all nations,”’ 
and when “ Holiness to the lord,’’ shall be in- 
seribed on all-the. pursuits, and implements, and 
employments of men. : 

Lastly, If the remarks suggested above be well- 
founded, we may conclude, that the mechanical] 
‘and philosophical inventions of genius are worthy 
of the attentive consideration of the enlightened 
Christian, particulatly in the relation they may 
| have to the accomplishment of religious objects. 
He should contemplate the experiments of scien- 
tific men, not as a waste of time, or the mere 
gratification of an idle curiosity, but as embody- 
ing the germs of those improvements by which 
civilization, domestic comfort, knowledge, and 
moral principle, may. be diffused among the na~ 
tions. To view such objects with apathy and 
indifference, as beneath the regard of a religious 
character, argues a weak and limited understand- 
ing, and a contracted view of the grand operations 
of a superintending Providence. 





ER IV. | 


ILLUSTRATED FROM THE SYSTEM OF 
URE.* 


just interpretation of Scripture, and the facts of 
physical. science; and on this principle the follow- 
ing canon is founded, which may be considered 
as an infallible rule for Scripture interpretation, 
namely,—Thai no interpretation of Scripture ought 
to be admitted which is inconsistent with any well 
authenticated facts in the material world. By well 





those diseases which now prey upon the human frame, and 
eut short its vital action, will be in a great measure extir- 
pated. _ Both these effects may be viewed (without suppos- 
ing any miraculows interference) as the natural consequence 
of that happiness and equanimity which will flow from the 
ptactice’ of Christian virtues, from the enlargement of our 
knowledge of the principles of nature, and from the physical 
enjoyments which such a state of society will furnish. 

* Under this head it was originally intended to embrace 
an elucidation of a considerable variety of the facts record- 
ed inthe Sacred History, and of the allusions of the inspire 
writers to the system of Nature; but as the volume has al- 
ready swelled’ beyond the limits proposed, I am reluctantly 
compelled to ooninie myself to the illustration of only two or 
three topics. 
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authenticated facts, 1 do not mean the theories of 
philosophers, or the deductions they may~have 
drawn from them, nor the confident assertions or 
plausible reasonings of scientific men in support 
of any prevailing system of Natural science; but 
those facts which are universally admitted, and 
the reality of which every scientific inquirer has 
it in his power to ascertain; such as, that theearth 
is not an extended plane, but a round or globular 
body, and that the rays of the sun, when con- 
verged to a focus by a large convex glass, will set 
fire to combustible substances. Such facts, when 
ascertained, ought to be considered as a revelation 
from God, as well as the declarations of his word. 
For they make known to usa portion of his char- 
acter, of his plans and of his operations.—This 
tule may be otherwise expressed as follows»— 
Where a passage of Scripture is of doubtful mean- 
ing, or capable of different interpretations, that inter- 
pretation ought to be preferred which will best agree 
with the established discoveries of science. For, 
since the Author of Revelation and the Author 
of universal nature is one and the same Infinite 
Being, there must exist a complete harmony be- 
tween the revelations of his Word, and the facts 
or relations which are observed in the material 
universe. To suppose the contrary, would be to 
suppose the Almighty capable of inconsistency; 
a supposition which would go far to shake our 
confidence in the theology of Nature, as well as 
of Revelation. If, in any, one instance, a Record 
claiming to be a revelation from heaven, were 
found to contradict a well known fact in the ma- 
terial world; if, for example, it asserted in express 
terms, to be literally understood, that the earth is 
a quiescent body in the cénter of the universe, or 
that the moon is no larger than a mountain—it 
would be a fair conclusion, either that the revela- 
tion is not Divine—or that the passages embody- 
ing such assertions are interpolations—or that 
science, in reference to these points, has not yet 
arrived at the truth. The example, we are aware, 
is inapplicable to the Christian revelation, which 
rests securely on its own basis, and to which sci- 
ence is gradually approximating, as it advances in 
the amplitude of its views, and the correctness of 
its deductions; but it shows us how necessary it 
is, in interpreting the Word of God, to keep our 
eye fixed upon his Works; for we may rest-as- 
sured, that truth in the one will always correspond 
with fact in the other. 

‘To illustrate the rule now laid down, an exam- 
ple or two may be stated—If it be a fact, that 
geological research has ascertained that the mate- 
tials of the strata of the earth are of a more an- 
cient date than the Mosaic account of the com- 
mencement of the present race of men—the pas- 
sages in the first chapter of Genesis, and other 
parts of Scripture, which refer to the origin of 
our world, must be explained as conveying the 
idea, that the earth was then merely arranged into 
its present form and order, out of the materials 
which previously existed, and which had been cre- 
ated by the Almighty at a period prior in dura- 
tion. For Moses nowhere asserts that the mate- 
rials of our globe were created or brought into 
existence out of nothing, at the time to which his 
history refers; but imsinuates the contrary. “For 
the earth,” says he, prior to its present constitu- 
tion, “was without form and void,” etc.—Again, 
if it be.a fact that the universe is indefinitely ex- 
tended, that, of many millions of vast globes 
which diversify the voids of space, only two or 
three have any immediate connection with the 
earth—then it-will appear most reasonable to con- 
clude, that those expressions in the Mosaic history 
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of the creation, which refer to the creation of the 
fixed stars, are not to be understood as referring 
to the time when they were brought into exist- 
ence, as if they had been created about the same 
time with our earth; but as simply declaring the 
fact, that, at what period soever in duration they 
were created, they derived their existence from God. 
That they did not all commence their existence at 
that period, is demonstrable from the fact, that, 
within the space of 2000 years past, and even 
within the space of the last two centuries, new 
stars have appeared in the heavens, which previ- 
ously. did not exist in the concave of the firma- 
ment; which, consequently, have been ¢reated 
since the Mosaic period; or, at, least, had under- 
gone a change analogous to that which took place 
in our globe, when it emerge from a chaotic state, 
to the form and order’'in which we now behold it. 
Consequently, the phrase, “God rested from all 
his works,”® must be understood, not absolutel 
or in reference to the whole system of nature, 
merely in relation to our world; and as import- 
ing, that the Creator then ceased to form any new 
species of beings on the terraqueous globe—The 
same canon will direct us-in the interpretation of 
those passages which refer to the last judgment, 
and the destruction of the present constitution of 
our globe. When, in reference to these events, it 
is said, that *‘the stars shall fall from heaven,”’ 
that “the powers of heaven shall be shaken,’”’ and 
that “the earth and the heaven shall flee away,” 
our knowledge of the system of nature leads us 
to-conclude, either that such expressions are mere- 
ly metaphorical, or that they describe only ‘the 
appearance, not the reality of things. For it is 
impossible that the stars can ever fall to the earth, 
since each of them is of a size-vastly superior to 
our globe, and could never be attracted to its sur- 
face, without unhinging the laws and the fabric 
of universal nature. The appearance, however, 
of the “heaven fleeing away,” would be produced, 
should the earth’s diurnal rotation, at that period, 
be suddenly stopped, as will most probably hap- 
pen; in which case, all nature, in this sublunary 
system, would be thrown into confusion, and the 
heavens, with all their host, would appear to flee 
away. 

Now, the scientific student of Scripture alone 
can judiciously apply the canon to which I have 
adverted; he alone can appreciate its utility in the 
interpretation of the sacred oracles; for he knows 
the facts which the philosopher and the astrono- 
mer have ascertaimed to exist in the system of 
nature; from the want of which information many 
divines, whose comments on Scripture have, in 
other respects, been judicious, have displayed 
their ignorance, and fallen into egregious blunders, 
when attempting to explain the first’ chapters of 
Genesis, and several parts of the book of Job— 
which have tended to bring discredit on the oracles 
of heaven. 


IL.—The System of Nature confirms and illustrates 
the Scriptural Doctrine of the Derravity or Man. 


In the preceding parts of this volume, I have 
stated several striking instances of Divine benevo- 
lence, which appear in the construction ofthe or- 
gans of the animal system, in the constitution of 
the earth, the waters, and the atmosphere, and in 
the variety of beauties and sublimities which adorn 
the face of nature; all which proclaim, in language 
which can scarcely be mistaken, that the Creator 
has a special regard to the happiness of his crea- 
tures. Yet the Scriptures uniformly declare, that 
man has fallen from his primeval state of inno- 
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cence, and has violated the laws.of his Maker; | existence; the ‘earth was turned into a habitation. 


that “his heart is deceitful above all things, and 
desperately wicked; and that “destruction and 
misery are in his ways.” Observation and expe- 
rience also demonstrate, that a moral disease. per- 
vades the whole human family, from the most 
savage to the most civilized tribes of mankind; 
which has displayed its virulence in those wars | 
and devastations which have, in all ages, convulsed 
the world; and which daily displays itself in those 
acts of injustice, fraud, oppression, malice, tyran- 
ny, and cruelty, which are perpetrated in every 
country, and among all the ranks even of civilized 
life. That a world inhabited by moral agents of 
this description, would display, in. its physical 
constitution, certain indications of its Creator’s 
displeasure, is what we should naturally expect, 
from a consideration of those attributes of his 
nature with which we are acquainted. Accord- 
gly we find, that, amidst all the evidences of he- 
" rolence which our globe exhibits, there are not 
- wanting certain displays of “ the wrath of Heaven 
against the ungodliness and unrighteousness of 
men,” in order to arouse them to a sense of their 
guilt, and to inspire them with reverence and awe 
of that Being whom they have offended. The 
following facts, among many others, may be con- 
sidered as corroborating this position. 

In the first place, The present state of the interior 
strata of the earth may be considered as a pre- 
sumptive evidence, that a moral revolution has 
taken place since man was placed upon the globe. 
When we penetrate into the interior recesses of the 
earth, we find its different strata bent in the most 
irregular forms; sometimes lying horizontally, 
sometimes: projecting upward, and sometimes 
downward, and thrown into confusion; as if some 
dreadful concussion had spread its ravages through 
every part of the solid crust of our globe. This 
is visible in every region’of the earth. Wherever 
the miner penetrates among his subterraneous 
recesses, wherever the fissures and caverns of the 
earth are explored, and wherever the mountains 
lay bare their rugged cliffs, the marks of ruin, 
convulsion, and disorder, meet the eye of the be- 
holder. Evidences of these facts are to be found 
in the records of all intelligent travelers and geo- 
logists who have visited Alpine districts, or ex- 
plored the subterraneous regions of the earth; 
of which I have already stated a few instances in 
the article Geology— These facts seem evidently 
to indicate, that the earth is not now in the same 
state in which it originally proceeded from the 
hand of its Creator; for such a scene of disrup- 
tion and derangement appears incompatible with 
that order, harmony, and beauty, which are appa- 
‘rent in the other departments of nature. We dare 
not assert, that such terrible convulsions took 
place by chance, or independent of the will of the 
‘Creator; nor dare we insinuate, that they were 
the effects of a random display of Almighty power; 
and, therefore, we are necessarily led to infer, 
that a moral cause connected with the conduct of 
the rational inhabitants of the globe, must have 
existed, to warrant so awful an interposition of 
Divine Power; for the fate of the animated beings 
which then peopled the earth, was involved in the 
consequences which must have attended this ter- 
rible catastrophe. The volume of Revelation on 
this point, concurs with the deductions of reason, 
and assigns a cause adequate to warrant the pro- 
duction of such an extraordinary effect. “The 
‘wickedness of man was crear upon the earth; 
the earth was FILLED WITH vioLENCE; every pur- 
pose and desire of man’s heart was ONLY EVIL 





*GONTINUALLY.” Man had frustrated the end of his 


of demons; the long’ period to which his life was: 
protracted, only served to harden him in his wick- 
edness, and to enable him to carry his diabolical 
schemes to their utmost extent, until the social 
state of the human race became a scene of un- 
mixed depravity and misery. And the physical 
effects of the punishment of this universal defec- 
tion from God, are presented to our view in every 
land, and will, remain to all ages, as a visible me- 
morial that man has rebelled against the authority, 
of his Maker.* ’ 

2. The existence of volcanoes and the terrible ra- 
vages they produce, bear testimony to the state of 
man as a depraved intelligence. A volcano is a 
mountain generally of an immense size, from 
whose summit issue fire, smoke, sulphur, and 
torrents of melted lava.t Previous to an eruption, 
the smoke, which is continually ascending from 
the crater, or opening in the top, increases and 
shoots up to an immense hight; forked lightning 
issues from the ascending column; showers of 
ashes are thrown out to the distance of forty or 
fifty miles; volleys. of red-hot-stones are dis- 
charged toa gréat hight in‘the air; the sky ap- 
pears thick and dark; the luminaries of heaven 
disappear; and these terrible forebodings are ac- 
companied with thunder, lightning, frequent con- 
cussions of the earth, and dreadful subterraneous 
bellowings. When these alarming appearances 
have continued sometimes four or five months, 
the lava begins to make its appearance, either 
boiling over the top, or forcing its way through 
the side of the mountain. . This fiery deluge of 
melted minerals rolls down the declivity of the 
mountain, forming a dismal flaming stream, some- 
times, fourteen miles long, six miles broad, and 
200 feet deep. In its course it destroys orchards, 
vineyards, corn-fields, and villages; and sometimes 
cities, containing twenty thousand. inhabitants, 
have been swallowed up and consumed. Several 
other phenomena, of awful sublimity, sometimes 
accompany these eruptions. Ih the eruption of: 
Vesuvius, in 1794, a shock of an earthquake was 
felt; and, at the same instant, a fountain of bright 
fire, attended with the blackest smoke and a loud 
report, was seen to issue, and to rise to a great 
hight from the cone of the mountain; and was 
soon succeeded by fifteen other fiery fountains, 
allin a direct. line, extending for a mile and a 
half downward. This fiery scene was accompa- 
nied with the loudest thunder, the incessant re- 
ports of which, like those of a numerous heavy 
artillery, were attended by a continued hollow 
murmur, similar to that of the roaring of the 
ocean during a violent storm. The houses in 
Naples, at-seven miles distance, were for several 
hours in a constant tremor; the bells ringing, and 
doors and windows incessantly rattling and shak- 
ing. The murmur of the prayers and lamenta- 
tions of a numerous population added to the hor- 





*Tt is not meant here to insinuate that ail the dislocations 
and irregularities found in the strata of the earth are to be 
attributed to the action of the deluge; but it can scarcely be 
called in question, that certain traces of the effects of this 
catastrophe are to be found in most countries. The simple 
fact recorded in Revelation, that “the fountains of the great 
deep were broken up, and the flood-gates of the heavens open- 
ed”—that “the storm of rain continued upon the earth forty 
days and forty nights,” and that the earth was covered with 
water for nearly the space of a whole year—conld not but 
produce avery sensible and’ extensive effect upon the solid 
parts of the globe, though’ it may be difficult in some in- 
stances to distinguish some of the effects produced by 
Noah’s flood from those which were the result of previous ca- 
tastrophes. At any rate, the sacred historian is explicit in de- 
elaring it was “because the wickedness of man:was great,” 
that “a flood of waters was brought upon the earth,” 

+ See page 58. 
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rors of the scene. All travelers who have wit- 
nessed these eruptions seem to be at a loss to find 
words sufficiently emphatic to express the terrors 
of the scene. ‘One cannot form a juster idea,” 
says Bishop Berkley, “of the noise emitted by the 
mountain, than by imagining a mixed sound 
made up of the raging of a tempest, the murmur 
of a troubled sea, and the roaring of thunder and 
artillery, confused altogether. ‘Though we heard 
this: at the distance of twelve miles, yet it was 
very terrible.’ In 1744, the flames of Cotopaxi, 
in South America, rose 3000 feet above the brink 
of the crater, and its roarings were heard at the 
distance of siz hundred miles. “At the port of 
Guayaquil, 150 miles distant from the crater,”’ 
says Humboldt, “we heard day and night the 
noise of this volcano, like continued discharges 
of a battery, and we distinguished these tremen- 
dous sounds even.on the Pacific ocean.’ 

The most terrific and extraordinary voleano 
yet known is that of Kirauea, lately discovered 
in Hawaii, one of the Sandwich islands. When 
the crater of this volcano first bursts upon the 
sight, there is an appearance presented of an im- 
mense plain below, 15 or 16 miles in circumfe- 
rence, and from 200 to 400 feet below its original 
level, covered with hillocks of lava, and vast floods 
of burning matter in a state of terrific ebullition, 
moving to and fro its fiery surge and flaming bil- 
lows. Mr. Ellis, who beheld this volcano, states 
that, around the edge, or from the surface of the 
burning lake, there arose no fewer than 51 coni- 
cal islands of varied form and size, containing as 
many craters. Twenty-two were constantly 
emitting columns of gray smoke or pyramids of 
brilliant flame, and several of these at the same 
time vomited from their ignited mouths streams 
of lava which rolled in blazing torrents down 
their black indented sides into the boiling mass 
below. The roar and noise emitted from these 
several craters resemble the sounds of a mighty 
steam-engine—a whole lake of fire appearing in 
the distance—billow after billow tossing its mon- 
strous bosom in the air, and throwing forth its 
fiery spray to the hight of 40 or 50 feet—forming 
a scene most awfully grand and terrific—flames 
bursting forth from the ‘largest cone, red-hot 
stones, cinders, and ashes propelled to a mighty 
hight with immense violence, and appalling floods 
of lava boiling down the sides over the surround- 
ing scorie. r. Stewart and a party from the 
Blonde frigate visited this volcano in 1825. The 
following is only a very small part of his descrip- 
tion: —“ At night, splendid illuminations were 
lighted up; the volcano began roaring and labor- 
ing with redoubled activity. The confusion of 
noises was prodigiously great—rolling from one 
end of the crater to the other, sometimes seeming 
to be immediately under us, when a sensible tre- 
mor of the ground took place, and then again 
rushing to the farther end with incalculable velo- 
city. The whole air was filled with the tumult, 
and soon after flames burst from a large cone 
near which we had been in the morning. Red- 
hot stones, cinders, and ashes were also propelled 
to a great hight with immense violence, and 
shortly after the molten lava came boiling up and 
flowed down the sides of the cone and over the 
surrounding scorie, in two beautiful streams, 
glittering with indescribable brilliance. At, the 
same time, a whole lake of fire opened in a more 
distant part; this could not have been less than 
two miles in circumference; and its action was | 
more horribly sublime than anything I ever ima- 
gined to exist, even in the ideal visions of un- 
earthly things.’? This fiery volcano of Kirauea, | 
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the largest of which we have any record, dwindles 
into insignificance, when we think of the proba- 
ble subterranean fires immediately beneath the 
whole of these and other South-Seaislands. The 
whole of Hawaii (Owhyhee), covering a space 
of 4000 square miles, is a complete mass of lava 
or other volcanic matter in various stages of de- 
composition. Perforated with innumerable aper- 
tures in the shape of craters, it forms a hollow 
cone over one vast furnace, situated in the heart 
of a stupendous submarine mountain rising frorn 
the bottom of the sea. When we contemplate 
such awful and overwhelming phenomena, the 
workmanship of Him who laid the foundations 
of the earth, and who superintends the operation 
of all its elementary principles, we have reason 
to exclaim, ‘Let the nations say unto God, how 
terrible art thou in thy works! Let all the earth 
fear Jehovah; let all the inhabitants of the world 
stand in awe of him!’ Es 

The ravages produced by volcanoes are in pro- — 
portion to the terror they inspire. In the eruption 
of Etna in 1669, the stream of lava destroyed; in 
forty days, the habitations of 27,000 persons; and, 
of 20,000 inhabitants of the city of Catania, only 
3000 escaped. In the year 79, the celebrated 
cities of Pompeii and Herculaneum were com- 
pletely overwhelmed and buried under ground by 
an eruption of Vesuvius, and the spots on which 
they stood remained unknown for 1600 years. 
Since that period, about forty eruptions have 
taken place, each of them producing the most 
dreadful ravages. But the-volcanoes of Asia and 
America are still more terrible and destructive 
than those of-Europe. The volcanic mountain 
Pichincha, near Quito, caused, on. one occasion, 
the destruction of 35,000 inhabitants. In. the 
year 1772, an eruption of a mountain in the 
island of Java destroyed forty villages, and seve- 
ral thousands of the inhabitants; and in October, 
1822, eighty-eight hamlets and above 2000 persons 
were destroyed in the same island, by a sudden 
eruption from a new volcano. The eruption 
from Tomboro, in the island of Sumbawa, in 
1815, was so dreadful that all the Moluccas, Java, 
Sumatra, and Borneo, to the distance of a thou- 
sand miles from the mountain, felt tremulous 
emotions, and heard the report of explosions. 
In Java, at the distance of 340° miles, the clouds 
of ashes from the volcano produced utter darkness. 

Volcanoes are more numerous than is generally 
imagined, They are to be found in every quar- 
ter of the world, from the icy shores of Kamts- 
chatka to the mountains of Patagonia. Humboldt 
enumerates forty volcanoes constantly burning 
between Cotopaxi and the Pacific ocean; twenty 
have been observed in the chain of mountains 
that stretches along Kamtschatka; and many of 
them are to be seen in the Philippines, the Mo- 
luceas, the Cape de Verd, the Sandwich, the La- 
drone, and other islands in the Indian and Pacific 
oceans. It is stated in vol. 6th of Supp. to Encyc. 
Brit., that about 205 volcanoes are known, in- 
cluding only those which have been active within 
a period to which history or tradition reaches. 
Europe contains 14; and, of the whole number, 
it is computed that 107 ate in islands, and 98 on 
the great continents. 

Can we then suppose that so many engines of 
terror and destruction, dispersed over every quar- 
ter of the globe, are consistent with the couduct 


‘of a benevolent Creator toward an innocent race 


of men? If so, we must either admit that the 
Creator had it not in his power, when arranging 
our terrestrial system, to prevent the occasional 
action of these dreadful ravages; or, that he is 
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indifferent to the happiness of his innocent off- 
: sion is inconsistent 


spring. ormer adr 
with the idea of his Omnipotence, and the latter 
with the ide: his universal Benev: ce. Itis 


not, therefore, enthusiasm, but the fairest deduc- 
tion of reason to conclude, that they are indica- 
tions of God’s displeasure against a race of trans- 
gressors who have apostatized from his laws. « 

3. The same reasoning will apply to the rava- 
ges produced by Earthquakes. Next to volcanoes, 
earthquakes are the most terrific phenomena of 
nature, and are even far more destructive to man, 
and to the labors of his hands. An earthquake, 
which consists in a sudden motion of the earth, 
is generally preceded. by a rumbling sound, some- 
times like that of anumber of carriages driving 
fabiodely along the pavement of a street, some- 
times like the rushing noise of a mighty wind, 
and sometimes like the explosions of artillery. 
Their effect on the surface of the earth is various. 
Sometimes it is instantaneously heaved up in a 
perpendicular direction, and sometimes it assumes 
a kind of rolling motion, from side to side-—The 
ravages which earthquakes have produced are ter- 
rible beyond description;.and are accomplished 
almost ina moment. In 1692, the city of Port- 
Royal, in Jamaica, was destroyed by an earth- 
quake, in the space of two minutes, and the 
houses sunk into a gulf forty fathoms deep. In 
1693, an earthquake happened in Sicily, which 
either destroyed or greatly damaged, fifty-four 
cities and an incredible number of villages. The 
city of Catania was utterly overthrown; the sea 
all of a sudden began to roar; Mount Etna to 
send forth immense spires of flame; and, imme- 
diately a shock ensued, as if all the artillery in 
the world had been discharged. The birds flew 
about astonished; the sun was darkened; the 
beasts ran howling from the hills; a dark cloud of 
dust covered the air; and though the shock did not 
last three minutes, yet nineteen thousand of the 
inhabitants of the city perished in the ruins. This 
shock extended to a circumfere of 7000 miles. 

Earthquakes have been pro pg their ravages 
in various parts of the world, in every age, 
and are still continuing their destructive effects. 
Pliny informs us, that twelve citiesin Asia Minor 
were swallowed up in one night. In the year 
115, the city of Antioch, and a great part of the 
adjacent country, were buried by an earthquake. 
About 300 years after, it was again destroyed 
along with 40,000 inhabitants; and, after an in- 
terval of only 60 years, it was a third time over- 
turned, with the loss of not less than 60,000 souls. 
In 1755, Lisbon was destroyed by an earthquake, 
and it buried under its ruins above: 50,000 inhabi- 
tants. The effects of this terrible earthquake 
were felt over the greater part of Europe and 
Africa, and even in the midst of the Atlantic 
ocean; and are calculated to have extended over a 
space of not less than four millions of square 
miles. In August, 1822, two-thirds of the city 
of Aleppo, which contained 40,000 houses, and 
200,000 inhabitants, were destroyed by an earth- 
quake, and nearly 30,000 inhabitants were buried 
under the ruins—On the 7th May, 1842, at 5 
o’clock in the evening, the town of Cape Haytien, 
in the island of St. Domingo, was totally destroy-~ 
ed by an earthquake, and ten thousand of the in- 
habitants—forming two-thirds of the population— 
perished in the Catastrophe. The towns of St. 
Nicholas and Port Paix, were also tumbled into 
ruins, and most if not all towns on the north side 
of the island, in some of which multitudes of the 
inhabitants were destroyed, amounting in all to 
about 20,000 human beings, who perished in that 
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tremendous concussion. Its effects were traced 


from W. Longitude 56° in the northern part of 
the tropics, to W. Longitude 91°, comprehending 


‘an extent, from east to west, of 35°, passing along 


Cuba, Louisiana, and part of the United > ies 

To suppose that the human beings who have 
been victims to the ravages of earthquakes a1 
volcanoes, ‘‘ were sinners above all those who 
dwelt around them,”’ would be the hight of im- 
piety and presumption. But the fact, that thou- 
sands of rational beings have been swept. from 
existence, in a manner so horrible and tremendous, 
seems plainly to indicate, that they belonged-to a 
race of apostate intelligences, who had violated 
the commands of their Creator. Such visitations 
are quite accordant ‘to the idea of man being in 
the condition of a transgressor; but, ‘if he were 
an innocent creature, they would be altogether 
unaccountable, as happening under the govern- 
ment of a Being of unbounded benevolence. 

4. The phenomena of thunder-storms, tenwests, 
and hurricanes, and the ravages they produce, are 
also presumptive proofs that man is a depraved in- 
telligence. In that season of the year when Na- 
ture is arrayed in her most beautiful attire, and 
the whole terrestrial landscape tends to inspire the 
mind with cheerfulness—suddenly a sable cloud 
emerges from the horizon—the sky assumes’ a 
baleful aspect—a dismal gloom envelops the face 
of Nature—the lightnings flash from one end of 
the horizon to another—the- thunders roll with 
awful majesty along the verge of heaven, until at 
length they burst over head in tremendous explo- 
sions. The sturdy oak is shattered and despoiled 
of its foliage; rocks are rent'into shivers; and the 
grazing herds are struck into’a lifeless group. 
Even man is not exempted from danger in the 


| midst of this appalling scene.- For hundreds in 


every age have fallen victims either to the direct 
stroke of the lightning, or to the concussions and 
conflagrations with which it has been attended. 
In tropical countries, the phenomena of thunder- 
storms are more dreadful and appalling than in 
our temperate climate... The thunder frequently 
continues for days and weeks in almost one inces- 
sant roar; the rains are poured down in torrents; 
and the flashes of lightning follow each other in 
so rapid a succession, that the whole atmosphere 
and the surrounding hills seem to be in a blaze. 
In some instances, the most dreadful effects have 
been produced by the bursting of an electrical 
cloud. In 1772, a bright cloud was observed at 
midnight to cover a mountain in the island of 
Java; it emitted globes of fire so luminous that 
the night became as clear as day. Its effects were 
astonishing. Everything was destroyed for seven 
leagues around; houses were demolished; planta- 
tions buried in the earth; and 2140 people lost 
their lives, beside 1500 head of cattle, and a vast 
number of horses and other animals.* 

Is it not reasonable, then, to conclude, that such 
awful phenomena as storms, volcanoes, and earth- 
quakes are so many occasional indications of the 
frown of an offended Creator upon a race of trans- 
gressors, in order to arouse them to a sense of their 
apostasy from the God of heaven? We cannot 
conceive that such physical operations, accompa- 
nied by so many terrific and destructive effects, 
are at all compatible with the idea, that man is at 
present in a paradisiacal state, and possessed of 
that moral purity in which he was created. Such 
appalling displays of Almighty power are in 
complete unison with the idea, that man is a 
transgressor, and that the present dispensations 





* Encyc. Brit., Art. Cloud. 
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of God are a mixture of mercy and of judgment; 
but if he belong to an innocent race of moral in- 
telligences, they appear quite anomalous, and are 
altogether inexplicable, on the supposition, that a 
Being of infinite benevolence and rectitude directs 
the operations of the physical and moral world; 
more especially when we consider the admirable 
‘care which is displayed in the construction of 
animal bodies, in order to prevent pain, and to 
produce pleasurable sensations. When man was 
first brought into existence, his thou ghts and 
affections, we must suppose, were in unison with 
the will of his Creator; his mind was serene and 
unrufiled; and, consequently, no foreboding ap- 


prehensions of danger, would, in such a state,. 


take possession of his breast. But after he had 
swerved from the path of primeval rectitude, and 
especially after the Deluge had swept away the in- 
habitants of the Antediluvian world, the consti- 
tution of the earth and the atmosphere seems to 
have undergone a mighty change, corresponding 
to the degraded state into which he had fallen; so 
that those very elements which may have~.for- 
merly ministered to his enjoyment—by being 


_ formed into different combinations—now con- 


spire te produce terror and destruction. 

The same important conclusion might have 
been deduced, from a consideration of the im- 
mense deserts of marshes and barren sands which 
are dispersed over the globe—the vast and fright- 
ful regions of ice around the poles—the position 
of the mineral strata, and the vast disproportion 
which the extent of the dry land bears to the ex- 
panse of the ocean,—all which circumstances, 
and many others, in conjunction with the facts 
above stated, conspire to show, that man no longer 
stands in the rank of a pure intelligence; and 
that his habitation corresponds, in some degree, 
to his state of moral degradation. By overlook- 
ing this consideration, St. Pierre and other Natu- 
ralists have found themselves much at a loss, 
when attempting to vindicate the wisdom and 
equity of Providence, in the physical disorders 
which exist in-the present constitution of our 
globe. The circumstance, that man is a fallen 
creature, appears the only clue to guide us in un- 
raveling the mysteries of Providence, and to ena- 
ble us to perceive the harmony and consistency of 
the Divine operations in the system of nature; 
and no other consideration will fully account for 
the disorders which exist /in the present economy 
of our world. 

But it is a most consoling consideration, that, 
amidst all the physical evils which abound, the 
benevolence and mercy of God are admirably 
blended with the indications of his displeasure.— 
Thunder-storms and tempests contribute to the 
purification of the atmosphere; and volcanoes are 
converted into funnels for vomiting up those fiery 
materials which produce earthquakes, and which 
might otherwise swallow up whole provinces in 
‘one mighty gulf. In the ordinary course of things, 
such phenomena are more terrific than destructive; 
and are calculated rather to rouse an unthinking 
world to consideration, than to prove the instru- 
ments of human destruction. Compared with the 
miseriés which men have voluntarily inflicted on 
‘one another, the destructive effects of the elements 
of nature.dwindle into mere temporary and tri- 
fling accidents. We have reason to believe, that 
a much greater destruction of human beings has 
been produced by two or three of the late battles 
in modern Europe, such as those of Waterloo, 
Borodino, and Smolensko, than has been produced 
by all the electrical storms, earthquakes, and vol- 
canic eruptions, which have raged for the space 
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of several huridred years. It has been calculated, 


‘that, during the Russian’ campaign of 1812, in- 


cluding men, women, and children, belonging to 
the French and Russians, there were not less than 
five hundred thousand human victims sacrificed to 
the demon of war. It is probable, that the de- 
struction produced among the human race, by the 
convulsions of nature, since the commencement 
of time (the deluge only excepted), does not 
amount to above four or five millions of lives; but 
were we to take into account the destruction of 
human life produced by ambition, tyranny, op- 
pression, superstition, wars, devastations, murders, 
and horrid cruelties, in every period of the world, 
it would doubtless; amount to several thousands 
of millions. So that, amidst the most terrible dis- 
plays of the displeasure of God against the sins 
of men, mercy is mingled with judgment; and 
while man is the greatest enemy anid destroyer of 
his own species, benevolence is the prominent fea- 
ture of all the arrangements of the Deity in the 
physical world. For although he is great in power 
he is slow to anger, and “his tender mercies 
are over all his works.” The evils which flow 
from the operation of the elements of nature 
ought not to be considered as the inflictions of 
avenging justice, but as the kind admonitions of 
a benevolent Father, who willeth not that any 
should perish, but that all should come to repen- 
tance—and who has displayed his love to the hu- 
man race in such a wonderful manner that he 
gave his only-begotten Son, that whosoever be- 
lieveth on him might not perish but have ever- 
lasting life.’’* 


Ill.—The Discoveries which have been made in the 
System of Nature illustrate ihe Doctrine of the 
RESURRECTION OF THE DEAD. 


The doctrine of a Resurrection from the dead, 
at first view, appears to involve in it a variety of 
difficulties and apparent contradictions. That a 
complex organical machine, as the human body 
is, consisting of thousands of diversified parts for 
the performance of its functions, after it has been 
reduced to amg and those atoms dispersed to 
“the four winds of heayen”—should be again 
reared up with the same materials, in a new and 
more glorious form,—is an idea which seems to 
baffle the human comprehension; and, in all pro- 
bability, would never have entered the mind of 
man, had it not been communicated by Divine 
Revelation. Accordingly we find, that the philo- 
sophers of antiquity, though many of them be- 
lieved in the doctrine of a future state, never once 
dreamed that the bodies of men, after they had 
been committed to the dust, would ever again be 
reanimated: and hence, when the Apostle Paul 
proposed this doctrine to the Athenian philoso- 
phers, they scouted the idea, as if it had been the 
revery of a madman. And, indeed, without a 
strong conviction, and a lively impression, of the 
infinite power and intelligence of God, the mind 
cannot rely with unshaken confidence on the de- 
claration of a future fact so widely different from 
all the obvious phenomena of nature, and from 
everything that lies within the range of human 
experience. ‘If aman die,” says Job, “shall he 
live again? There is hope of a tree, if it be cut 
down, that it will sprout again, and bring forth 





* The facts stated in this section are expressed, for the 
most part, in the author’s own words, for the sake of com- 
pression —His authorities are, Goldsmith’s Natural History, 
Humboldt’s Travels, Brydon’s Tour, Sir W. Hamilton’s Ob- 
servations, Raffle’s History of Java, Encyc. Brit., Arts. Etna, 
Volcano, Earthquake, Antioch, Cloud—Ellis’s Polynesian 
Researches, etc. 
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away; yea, man giveth up the ghost, and where 
is he?” When the mind, however, is frequently 
exercised in c¢ontemplations on the stupendous 
works of the Almighty, it must feel an impressive 
conviction, that “nothing can be too hard for 


Jehovah.’? When we endeavor to draw aside the 
vail which conceals many of the scenes of nature 


from the vulgar eye, we perceive a variety of ope-" 


rations and analogies, which tend to assist us in 
forming a conception, not only of. the possibility 
of a resurrection, but also of the manner in which 
it may probably be effected, when the power of 
Omnipotence is interposed. 

The transformation of insects affords us a beau- 
tiful illustration of this subject. All the butter- 
shih we see fluttering about in the summer 
months were originally caterpillars. Before: they 
arrive at that highest stage of their existence, they 
pass through four different transformations. The 
first state of a butterfly is that of anegg; it next 
assumes the form of a loathsome crawling worm; 
after remaining some time in this state, it throws 
off its caterpillar skin, languishes, refuses to eat, 
ceases to move, and is shut up, as it were, in a 
tomb. In this state, the animal is termed a chrys- 
alis: it is covered with a thin crust or shell, and 
romains, sometimes for,six or eight months, with- 
out motion, and apparently without life. After 
remaining its allotted time in this torpid condi- 
tion, it begins to acquire new life and vigor; it 
bursts its imprisonment, and comes forth a but- 
terfly, with wings tinged with the most beautiful 
colors. It mounts the air, it ranges from flower 
to flower, and seems to rejoice in its new and 
splendid existence. How very different does it 
appear in this state, from what it did in the pre- 
ceding stages of its existence! How unlikely did 
it seem, that a rough, hairy, crawling worm, which 
lay for such a length of time, in a death-like tor- 
por, and enshrouded ina tomb, should be reani- 
mated, asit were, and changed into so beautiful 
a form, and indued with such powers of rapid 
motion! Perhaps the change t ffected on the 
bodies of men, at the gener rrection, may 
not be greater, nor more won in its nature, 
than are the changes which take place from the 
first to the last stage of a caterpillar’s existence — 
In such transformations, then, we behold a lively 
representation of the death and resurrection of a 
righteous man. ‘‘A little while he shall lie in the 
ground, as the seed lies in the bosom of the earth; 
but he shall be raised again, and shall never die 
any more.” 

There is another illustration, taken from a con- 
sideration of the chemical changes of matter, 
which has a still more direct bearing on the doc- 
trine of a resurrection. We know, that sub- 
stances which are invisibly incorporated with air, 
water, and other fluids, and which seem to be de- 
stroyed, may be made to reappear in their original 
form by the application of certain chemical re- 
agents. For example, put a small piece of solid 
camphor into a vial half filled with alcohol or spi- 
rit of wine—in a short time the camphor will be 
dissolved in the fluid, and the spirit will be as 
transparent as at first. If water be now added, it 
will unite with the ardent spirit, and the camphor 
will be separated and fall to the bottom of the 

* vial. In this way the camphor may be nearly all 
recovered as at first; and, by distillation, the alco- 
hol may also be separated from,the water, and ex- 
hibited in a separate state, I have already noticed 
that carbon, which forms an essential part of all 
animal and vegetable substances, is found to be 
not only indestructible by age, but in all its com: 
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binations, which are infinitely diversified, it still 
preserves its identity. In the state of carbonic 
acid, it exists in union with earths and stones in 
unbounded quantities; and, though buried for 
thousands of years beneath immense rocks, or in 
the center of mountains, it is still carbonic acid: 
for no sooner is it disengaged from its dormitory, . 
than it rises with all the life and vigor of recen 
formation, not in the least impaired by its torpid — 
inactivity during the lapse of ages. The beams: 
of the theater at Herculaneum were converted into 
charcoal (which is one of the compounds of car- 
bon), by the lava which overflowed-that eity du- 
ring an eruption of mount Vesuvius; and, during 
the lapse of 1700 years, the charcoal has remained 
as entire as if it had been formed but yesterday, 
and it will probably continue so to the end of the 
world. In addition to these facts, it may be stated 
that provision has been made for the restoration 
of the fallen leaves of vegetables which rot upon 
the ground, and to a careless observer, would ap- 
pear to be lost forever. It has been shown by ex- 
periment that, whenever the soil becomes charged 
with such matter, the oxygen of the atmosphere 
combines with it, and converts it into carbonic 
acid gas, The consequence of which is, that this 
very same carbon is, in process of time, absorbed 
by a new race of vegetables, which it clothes with 
a new foliage, and which is itself destined to un- 
dergo similar putrefaction and renovation to the 
end of time.* 

These facts, and others of a similar description, 
which might have been stated, demonstrate, that 
one of the constituent parts of animal bodies re- 
mains unalterably the same amidst all‘ the revolu- 
tions of, time, and all the changes and decomposi- 
tions which take place in the system of nature; 
and, consequently that though human bodies may 
remain in a state of putrefaction for ages, in the 
earth and in the waters, yet their component parts 
remain unchanged, and in readiness to enter into 
a new and more glorious combination, at the com- 
mand_of that InreELLicENcr, to whom all the prin- 
ciples of nature, and all their diversified changes, 
are intimately known; and whose power is able 
to direct their combinations to the accomplishment 
of his purposes—Though such considerations as 
these may have no weight on certain unreflecting 
minds, that never met with any difficulties in the 
economy either of Nature or of Redemption— 
yét the man of deep reflection, who has frequently 
had his mind distracted with the apparent impro- 
bability of the accomplishment of certain divine 
declarations, will joyfully embrace such facts in 
the economy of nature, as a sensible support to his 
faith in the promises of his God; and will resign 
his body to dust and putrefaction, in the firm hope 
of emerging from the tomb to a future and more 
glorious transformation, 


IV.—The Discoveries of Science tend to illustrate 
the Doctrine of the Guntrat, CoNFLAGRATION. 


We are informed, in the Sacred Oracles, that a 
period is approaching, when “ the elements shall 
melt with fervent heat, and the earth, and the 
works that are therein, shall be burned up.” 
Science has ascertained certain facts in the con- 
stitution of nature, which lead us to form some 
conception of the manner in which. this awful 
catastrophe may probably be effected, and also of 
the ease with which it may be accomplished, when 
the destined period shall have arrived. It was 
formerly stated (pp. 32,105), that the atmosphere, 
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Notes. 
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or the air we breathe, is a compound substance, 
composed of two very different and opposite prin- 
cipigs, termed oxygen and nitrogen. ‘The oxygen, 
which forms about a fifth part of. the atmosphere, 
is now ascertained to be the principle of flame: a 
li taper, immersed in this gas, burns with a 
brilliancy too great for the éye to bear; and even 
rod of iron or steel is made to blaze under its 
nergy. 

The modern infidel, like the scoffers of old, 
scouts the idea of the dissolution of the world, and 
of the restitution of the universe, because all 
things continue as they were from the beginning 
of the creation; not knowing the Scriptures, nor 
the Power of God; and not considering the prin- 
ciples and facts in the system of nature, which 
indicate the possibility of such an event. But, 
from the fact now stated, we may learn, how 
easily this effect may be accomplished, even in 
conformity with those laws which now operate in 
the constitution of our globe. For, should the 
Creator issue forth his Almighty fiat—« Let the 
nitrogen of the atmosphere be completely sepa- 
rated from the oxygen, and let the oxygen exert its 
native energies without control, wherever it ex- 
tends;’”,—from what we know of its nature, we 
are warranted to conclude, that:instantly a uni- 
versal conflagration would commence throughout 
all the kingdoms of nature—not only wood, coals, 
sulphur, bitumen, and other combustible sub- 
stances, but even the hardest rocks and stones, 
and all the metals, fossils, and minerals, and water 
itself, which is a compound of two inflammable 
substances, would blaze with a rapidity which 
would carry destruction through the whole ex- 
panse of the terraqueous globe, and change its 
present aspect into that of a new world:—at the 
same time, all the other laws of nature might still 
operate as they have hitherto done since the crea- 
tion of the world. 

Ido not mean positively to assert, that this is 
the agent which the Almighty will certainly em- 
ploy for accomplishing this terrible catastrophe 
(though I think it highly probable), since Infinite 
Power is possessed of numerous resources for ac- 
complishing its objects, which lie beyond the 
sphere of our knowledge and comprehension. But 
I have brought forward this fact, to show withs 
what infinite ease this event may be accomplished, 
when Almighty Power is interposed. By means 
of the knowledge we have acquired of the consti- 
tution of the atmosphere, and by the aid of chem- 
ical apparatus, we can perform experiments on a 
small scale, similar in kind, though infinitely infe- 
rior in degree, # the awful event under considera- 
tion. And, therefore, we can easily conceive that 
He who formed the expansive atmosphere which 
surrounds us, and who knows the native energy 
of its constituent principles, may, by a simple vo- 
lition, make that invisible fluid, in a few mo- 
ments, the cause of the destruction of the present 
constitution of our world, and, at the same time, 
the means of this subsequent renovation. For, 
as fire does not annihilate, but only changes the 
forms of matter, this globe on which we now 
tread, and which bears the marks of ruin and dis- 
rupture in several parts of its structure, may come 
forth from the flames of a general conflagration, 
purified from all its physical evils, adorned with 
new beauties and sublimities, and rendered a fit 
habitation. for pure intelligences, either of our own 
species or of another order. Far though ‘the 
heavens,’’ or the atmosphere, “shall be dissolved, 
and the elements melt with fervent heat;” “yet,” 
says the apostle Peter, “we, according to his 
promise, look for new heavens and a new earth, 
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wherein dwelleth righteousness.’’ Whether, after 
being thus renovated, it shall be allotted as the res- 
idence of the redeemed inhabitants of our world, 
is beyond our province at present to determine. 
But if not, abil in all probability, be allotted as 
the abode of other rational beings, who may be 
transported from other regions, to contemplate a 
new province of the Divine empire, or who may 
be immediately created for the purpose of taking 
possession of this renovated world. For we have 
reason to believe that the energies of Creating 
Power will be continually exerted, in replenishing 
the boundless universe, throughout all the ages 
of infinite duration; and ‘that no substances, or 
worlds, which God has created, will ever be suf- 
fered to fall into annihilation—at least, that the 
original atoms of matter will never be destroyed, 
whatever new forms they may assume, and tow 
ever varied the combinations into which they may 


} enter. . 


The above are only a few examples out of 
many which were intended to be specified, of the 
illustrations which the system of nature affords 
of the doctrines and facts of Revelation, but the 
narrow limits of this volume prevent further en- 
largement. 

It was also intended to follow up the preceding 
discussions with particular illustrations of the fol- 
lowing topics:—The views which science affords 
of the incessant energies of Creating Power—the 
changes and revolutions which appear to have 
happened, and which are still going on in the dis- 
tant regions of the universe, as tending to amplify 
our views of the grand and multifarious objects over 
which Divine Providence presides—the connection 
of science with a future state—the aids which the 
discoveries of science afford, in enabling ‘us to 
form a conception of the scenes of future felicity 
—of the employments of the heavenly inhabit- 
ants, and of:their perpetual advances in knowledge 
and happiness, and in their views of the perfec- 
tions of Deity*—the moral relations of intelligent 
beings to their Creator, and to each other; and the 
physical grounds or reasons of those moral laws 
which the De s promulgated, for regulating 
the conduct, ‘promoting the harmony and 
order of intelligent agentst—illustrations of the 
allusions of the Sacred writers to the system of 
the material world—the simultaneous progress of 
science and religion, considered as an evidence of 
the connection of the one with, the other—the 
moral effects of the study of science in connection 
with religion—replies to objections and insinua- 
tions which have been thrown out against the idea 
of combining the discoveries of Science with the 
discoveries of Revelation, &c. But, as illustra- 
tions of these, and various other topics connected 
with them, would occupy several hundreds of 
pages, they must, in the meantime, be postponed.} 









* Several of these subjects, along with many others, are 
fully illustrated in ghe author’s volume, entitled, ‘‘ The Phi- 
losophy of a Future State.” ; 

+ These and a variety of kindred topics are illustrated at 
considerable length in my work entitled “ The Philosophy of 
Religion; ot, an illustration of the Moral Laws of the Uni- 
verse, on the principles of reason and Divine Revelation” — 
in which an original and popular train of thought is proseen- 
ted, and the different topics are enlivened with illustrative 
facts derived from the scenery of nature and the moral his- 
tory of mankind. 

4 Several of the topics alluded to in this paragraph will be 
found more or less illustrated in the author’s volumes, enti- 
tled ‘¢ Celestial Scenery”—and “The Sidereal Heavens”—in 
which “the incessant energies of Creating Power’—the 
changes and revolutions which have happened and are still 
going forward in the distant regions of the universe—the 
doctrine of a plurality of worlds—and many other kindred 
topics, are particularly elucidated. 
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BENEFICIAL EFFECTS WHICH MIGHT RESULT TO CHRISTIAN SOCIETY, FROM 
CONNECTING THE DISCOVERIES OF SCIENCE WITH THE OBJECTS OF RE- 


“ LIGION. 


I.—The variety or Torics which would be intro- 
~ duced into Christian Instructions, by connect- 
4 them with the manifestations of Deity in the 
system of Nature, woULD HAVE A TENDENCY TO 
ALLURE THE ATTENTION OF THE YOUNG TO RELI- 
cious sussxcts, and to afford Mental Entertain- 


ment, and Moral Instruction, to intelligent minds | 


of every description. 


Novetry and variety appear to be essentially re- 
quisite in order to rouse the attention, not only of 
the more ignorant, but even of the more intelli- 
gent,class of mankind, and to excite them to make 
progress in the path of intellectual and moral 
improvement. The principle of curiosity, which 
appears at a very early period of life, and which 
variegated scenery and novel objects tend to-sti- 
mulate and to gratify—so far from being check- 


ed and decried, in a religious point of view, as) 


some have been disposed to do, ought to be en- 
couraged and cultivated in the minds both of the 
old and of the young. As it is a principle which 
God himself has implanted in our natures, for 
wise and important purposes, it requires only to 
be chastened, and directed in a proper channel, in 
order to become one of the most powerful auxi- 
liaries in the cause of religion, and of intellectual 
improvement. ‘To gratify this principle, and to 
incréase its activity, the Creator has adorned our 
globe with a combination of ies and sub- 
limities, strewed in endless va er all its dif- 
ferent regions. The hills and dales, the mountains 
and plains; the seas, the lakes, the rivers; the 
islands of every form and size which diversify 
the surface of the ocean; the bays, the gulfs, and 
peninsulas; the forests, the groves, the deep dells, 
and towering cliffs; the infinite variety of trees, 
plants, flowers, and vegetable productions of every 
hue, so profusely scattered over the face of nature; 
the diversified productions of the mineral king- 
dom; the variegated coloring spread over’the face 
of nature; together with the many thousands of 
different species of animated beings which tra- 
verse the air, the waters, and the earth—afford 
so many stimuli to rouse this principle into exer- 
cise, and to direct the mind to the contemplation 
of the Creator. And, as the earth displays an 
endless diversity of objects, so thé heavens, in so 
far as they have been explored, exhibit a scenery 
both grand and variegated. There is not a planet 
in the Solar System but differs from another, in 
its magnitude, in its distance from the central 
luminary about which it revolves, in the velocity 
of its motion, in the extent of the circle it de- 
scribes around the sun, in the period of time in 
which its revolution is completed, in its rotation 
round its own axis, in the number of moons with 
which it is attended, in the inclination of its axis 
to the plane of its orbit, and the diversity of sea- 
sons which results from this circumstance; in the 
density of 7 atmosphere, and the various appear- 
1 









ances which diversify its surface. And, if we 
were favored with a nearer view of these majestic 
orbs, we should, doubtless, behold a similar variety 
in every part of their internal arrangements.— 
The surface of the moon presents a variegated 
prospect of mountains and vales, but so very dif- 
ferent in their form, position, and arrangement, 
from what obtains on the surface of our globe, 
that it would exhibit a scenery altogether new 
and uncommon to an inhabitant of this world, 
were he placed on the surface of that planet. 
Every comet toovis distinguished from another, by 
its magnitude, the’ extent of its atmosphere, the 
length of its blazing tail, the rapidity of its mo= 
tion, and the figure of the curve it describes 
around the sun. With regard to the fixed stars, 
which are distributed, of every size, and in every 
direction, through the immensity of space, our 
senses as well as the declaration of an inspired 
writer, convince us, that ‘in point of brilliancy, 
color, motion, and magnitude, “one star differeth 
from another star in glory.” Almost every Ne- 
bula of the 3000 which have been discovered, dif- 
fers from another in its figure, extent, brightness, 
and general appearance; and the’ motions of 
double and’ treble stars, as to the periods of their 
revolutions, are as diversified as those of the 
planets—some of them revolving around their 
centers in 30 or 40 years, others requiring” 400, 
and even 1600 years to finish their circuits—some 
of them diffusing a bluish light, others a red, and 
others a brilliant white. 

And as the system of nature in all its parts, 
presents a boundless variety of scenery, to arouse 
the attention, and to gratify the desire for novelty, 
so the revelation of God, contained in-the Sacred 
Records, displays a diversified combination of the 
most sublime and interesting subjects and events. 
Were we to form an opinion of the compass of 
Divine Revelation, from the rangé of subjects to 
which the minds of some professing Christians 
are confined, it might all be comprehended within 
the limits of five or six chapters of the New Tes- 
tament; and all the rest might be thrown aside, 
as a dead weight upon the Christian system. But 
here, as in all the other displays of the Almighty, 
Divine Perfection and Providence are exhibited in 
the most diversified aspects. Here we have re- 
corded a history of the creation and arrangement 
of our globe—of the formation of the first human 
pair—of their primeval innocence, temptation, 
and fall—of the arts whith were cultivated in the 
first ages of the world—of the increase of human 
wickedness—of the building of the ark—of the 
drowning of the world by a universal deluge-—of 
the burning of Sodom by fire from the clouds— 
of the origin of languages—of the dividing of the 
Red sea—of the journeying of the tribes of Israel 
through the deserts of Arabia—of their conquest 
of the promised land, and their wars with the na- 
tions of Canaan—of thescorporeal translation of 
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Elijah from earth to heaven—of the manifestation 
of the Son of God in human flesh, the benevolent 
miracles he performed, and the triumphs he ob- 
tained over all the powers of hell and earth—We 
are here presented with the most interesting and 
affective narratives, elegies, dramatic poems, and 
triumphal songs,—with views of society in the 
earliest ages of the world, when the lives of men 
were prolonged to nearly a thousand years,—with 
splendid miracles performed in the land of Egypt, 
in the wilderness of Horeb, and in the “ field of 
Zoan,’’? when ‘the sun and moon stood-still in 
their habitation;” when the waters of the great 
deep were divided, and mountains shook and 
trembled “at the presence of Jehovah,’’—with 
the glorious marching of a whole nation through 
the Arabian deserts, under the guidance of a 
miraculous pillar of cloud and fire;—with the 
visits of celestial messengers, and the visible 
symbols of “‘a present Deity,’’—with prophetical 
delineations of the present and future condition 
of the race of Adam, with descriptions of the 
Power, Wisdom, Love, and Majesty of the Al- 
mighty, and of his operations in Heaven and 
Earth,—with the results and bearings of the 
Economy of Redemption,—with Divine Songs, 
Qdes, and Hymns, composed by angels and in- 
spired men,—with maxims of moral wisdom, 
examples of sublime eloquence, of strength of 
reasoning, and of manly boldness of reproof— 
with Proverbs, Parables, Allegories, Exhortations, 
Promises, Threatenings, and Consolatory Ad- 
dresses,—In short, we have here detailed, in the 
greatest variety—History, Antiquities, Voyages, 
Travels, Philosophy, Geography, Natural and 
MoralSeience, Biography, Arts, Epic Poetry, Epis- 
tles, Memoirs, Delineations of Nature, Sketches 
of Human Character, Moral Precepts, Prophesies, 
Miracles, Narrations, Wonderful Providences, 
Marvelous Deliverances, the Phenomena of the 
Air, the Waters, and the Earth; the Past, the Pre- 
sent, and the Future Scenes of the World—all 
blended together in one harmonious system, with~ 
out artificial order, but with a majesty and 

randeur, corresponding to the style of all the 
other Works of God, and all calculated to gratify 
the principle of curiosity—to convey “ reproof, 
correction, and instruction in righteousness,”’ and 
“to make the man of God perfect, and thoroughly 
furnished to every good work.” 

And as the scenes of Nature, and the scenes of 
Revelation, are thus wonderfully diversified, in 
order to excite the attention of intelligent beings, 
and to gratify the desire for variety, so we have 
every reason to believe, that the scenes, objects, 
and dispensations which will be displayed in the 
heavenly world, will be incomparably more grand 
and diversified. When we consider the immensity 
of God’s Universal Kingdom, and the numerous 
systems, and worlds, and beings comprehended 
within its vast circumference, and that the energies 
of Creating Power may be forever exerted in 
raising new worlds into existence—we may rest as- 
sured, that the desire of variety and of novelty in 
holy intelligences, will be completely gratified 
throughout an endless succession of existence; 
and that the most luxuriant imagination, in its 
boldest excursions, can never go beyond the real- 
ity of those scenes of diversified grandeur which 
the Heaven of heavens will display. 

Now, since the Book of Nature and the Book 
of Revelation, since all the manifestations of the 
Creator in heaven and earth, are characterized by 
their sublime and diversified aspect—we would 
ask, why should we not be imitators of God, in 
displaying the diversified grandeur of his King- 
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dom: of Providence and of Grace before the minds 
of those whom we profess to instruct? Why 
should we confine our'views to a few points in 
the Christian system, to a few stones rhe fabric of 
the Divine Merations, when “a wide and unbound- 
ed prospect lies before us?’? Why should we not 
rather attempt to rouse the moral and intellectual 
energies of mankind, from the pulpit, from the 
press, in the school-room, and in-the family circle, 
by exhibiting the boundless variety of aspect 
which the Revelations of Heaven present, and the 
holy tendencies of devout contemplation on the 
Works and the Ways of God—that they may 
learn, with intelligence, to “meditate on all the 
works of the Lord, and to talk of all his doings?” 
—By enlarging and diversifying the topics of re- 
ligious discussion, according to the views 

stated, we have it in our power to spread on. 
intellectual feast to allure and to gratify every 
variety of taste,—the young and the old, the 
learned and the unlearned, yea, even the careless 
and the ignorant, the skeptical and the dissipated, 
might frequently be allured by the selection of a 
judicious variety of striking and impressive ob- 
jects and descriptions, to partake of those mental 
enjoyments which might ultimately issue in the 
happiest results. The man of an inquisitive turn 
of mind, who now throws aside everything that 
has the appearance of religion, on account of its 
dullness, might have his curiosity gratified amidst 
such a variety as that to which I allude; and, from 
perceiving the bearing of every discussion on the 
great realities of religion and a future state, might 
be led to more serious inquiries after the path 
that leads to immortality. In a word, to associate 
and to amalgamate, as it were, the arts and 
scierices, and every department of useful know- 
ledge with Divine subjects, is to consecrate them 
to their original and legitimate ends, and to pre- 
sent religion to the eyes of men in its most sub- 
lime, and comprehensive, and attractive form, 
corresponding to what appears to be the design 
of the Creator. in all the manifestations he has 


given of vot Pe in the System of Nature, in the 


- 


operations of P. ence, and in the Heonomy of 
Redemption. — 


se . . rye. . . 
Il.—By connecting Science with Religion, Christians 
would be enabled to take AN EXTENSIVE SURVEY OF 
THE Kinepom or Gop. 


How very narrow and limited are the views of 
most professors of religion respecting the univer- 
sal Kingdom» of Jehovah, and the range of his 
operations! ‘The views of some individuals are 
confined chiefly within the limits of their own 
parish, or at farthest, extend only to the blue 
mountains that skirt their horizon, and form the 
boundary of their sight. Within this narrow 
circle, all their ideas of God, of religion, and of 
the relations of intelligent beings to each other, 
are chiefly confined. ‘There are others, who form 
an extensive class of: our population, whose ideas 
are confined nearly to the county in which they 
reside, and to the adjacent districts; and there are 
few, comparatively, whose views extend beyond 
the confines of the kingdom to which they belong 
—though the whole island in which we reside is 
less than the two-thousandth part of the globe we 
inhabit. Of the vast extent of this earthly ball, 
of its figure and motions, of its continents, seas, 
islands, and oceans; of its volcanoes and ranges — 
of mountains, of its numerous and diversified 
climates and landscapes; of the various nations 
and tribes of mankind that people its surface, and 
of the moral government of God respecting them,—- 
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they are almost as Cie sien as the 
untutored Greenlander, or the roving savage.— 
With regard to the objects which lie beyond the 
boundary of our world, they have no precise and 
definite conceptions. When the moon is “ walk-. 
ing in brightness”? through the heavens, they 
take the advantage of her light to prosecute their 
journeys; and, when the sky is overcast with 
clouds, and they are anxious to travel a few miles 
to their destined homes, they will lift up their 
eyes to the heavens to see if any of the stars are 
twinkling through the gloom,that their footsteps 
may be directed by their glimmering rays. Be- 
yond this they seldom soar. What may be the 
nature of the vast assemblage of shining points 
which adorn the canopy of their habitation, and 
the ends they are destined to accomplish in the 
plan of the Creator’s operations, they consider as 
no part of their province to inquire. 


*« Their minds, fair Science never taught to stray 
Far as the Solar Worlds, or Milky Way.” 


How very different in point of variety, of 
grandeur, and of extent, are the views of the man 
who connects all the different departments~ of 
knowledge, and the discoveries of science, with 
his prospects of God’s Universal Dominions and 
Government! With his mental eye he can tra- 
verse the different regions of the earth, and pene- 
trate into the most distant and retired recesses 
where human beings have their residence. He 
can contemplate and adore the conduct of Divine 
Sovereignty, in leaving so many nations to grope 
amidst the darkness of Heathen idolatry,—he can 
trace the beams of the Sun of Righteousness, as 
they gradually arise to illumine the benighted 
tribes of men,—he can direct his prayers, with 
intelligence and fervor, in behalf of particular 
kindreds and people,—he can devise, with judg- 
meut and discrimination, schemes for carrying 
the “salvation of God” into effect,—he can re- 
alize, in some measure, to his mental sight, the 
glorious and happy scenes which will be displayed 
in the future ages of time, when “ the kingdoms 
of this world shall become the kingdoms of our 
Lord, and of his Christ,” and when the “ ever- 
lasting gospel’’ shall be published, and its bless- 
ings distributed among all who dwell upon the 
face of the earth. He can bound from’ this 
earth to the planetary worlds, and survey far 
more spacious globes, peopled with a higher 
order of intelligences, arranged and superintended 
by the same Almighty Sovereign, who “ doth ac- 
cording to his will among the inhabitants of the 
oarth.” He can wing his way beyond the visible 
region of the sky, until he find himself surrounded 
on every hand with suns and‘systems of worlds, 
rising to view, in boundless perspective, through- 
out the tracts of immensity — diversified with 
scenes of magnificence, and with beings of every 
order—all under the government and the wise 
direction of Him who “rules among the armies 
of heaven,” and who “preserveth them all,” and 
whom the “host of heaven worship” and adore. He 
¢an soar beyond them all to the Throne of God, 
where angels and archangels, cherubim and sera- 
phim, celebrate the praises of their Sovereign 
Lord, and stand ready to announce his will by 
their rapid flight to the most distant provinces of 
his empire. LHe can descend from that lofty emi- 
nence to this terrestrial world, allotted for his 

~ temporary abode, and survey another unbounded 
province of the empire of God; in those living 
worlds which lie hid from the unassisted sight, 
and which the microscope alone can descry. He 
can here perceive the same Hand and Intelligence 
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which direct the rolling worlds above, and mar- 
shal all the angelic tribes—organizing, arranging, 
and governing the countless myriads of aninaated 
existence which people the surface of a muddy 
pool. He can speed his course from one of these 
departments of Jehovah’s kingdom to another, 
until, astonished and overwhelmed with the order, 
the grandeur, and-extent of the wondrous scene, 
he is constrained to exclaim,— ‘Great and mar- 
velous are thy works, Lord God Almighty !” 
“Thine understanding is infinite!’ The limits 
of thy dominions are “past finding out!” 

By taking such extensive surveys of the empire 
of Jehovah, we are enabled to perceive the spirit 
and references of those sublime passages in the 
sacred writings which proclaim the majesty of 
God and the glory of his kingdom. Such pas- 
sages are diffusely scattered through the inspired 


| volume, and have evidently an extent of reference 


far beyond what is generally conceived by the 
great mass of the Christian world. The following 
may suffice as a specimen :— 

“Thine, O Lord! is the greatness and the glory, 
and the majesty; for all in heaven and earth is 
thine! Thine is the kingdom, O Lord! Thou 
art exalted above all, thou reignest over all, and 
in thine hand is power and might.—Behold, the 
heaven and the heaven of heavens is the Lord’s; 
the earth also, with all that therein is—Ascribe 
ye greatness to our God; for there is none like 
unto the God of Israel, who rideth upon the hea- 
vens in his strength, and in his excellency in the 
sky. Thou, even thou art Lord alone; thou hast 
made heaven, the heaven of heavens, with all 
their host; the earth and all things that are 
therein; the sea and all that is therein; and thou 
preservest them all, and the host of heaven wor- 
shipeth thee-—He divided the sea by his power; 
by his spirit he hath garnished the heavens: Lo! 
these are only parts of his ways; but how little a 
portion is heard of him, and the thunder of hig 
power who can understand? The Lord hath 
prepared his throne in the heavens, and his king- 
dom ruleth over all—O Lord our God! how ex- 
cellent is thy name in all the earth! who hast set 
thy glory above the heavens. When I consider 
thy heavens, the work of thy fingers, the moon 
and the stars which thou hast ordained; what is 
man that thou art mindful of him!—His kingdom 
is an everlasting kingdom; honor and majesty are 
before him; all the inhabitants of the earth are re- 
puted as nothing in his sight, and he doth accord- 
ing to his will in the armies of heaven and among 
the inhabitants of the earth—He measures the 
waters in the hollow of his hand; he meteth out 
heaven with a span, and comprehendeth the dust 
of the earth in a measure.—He sitteth upon the 
circle of the earth, and the inhabitants thereof are 
as grasshoppers.—I have made the earth and cre- 
ated man upon it; I, even my hands, have 
stretched out the heavens, and all their host have 
I commanded.—The Most High dwelleth not in 
temples made with hands; for the heaven is his 
throne and the earth is his footstool. With God 
is awful majesty—Great things doth He which 
we cannot comprehend; yea, the Lord sitteth 
King forever—Praise ye the Lord in the heavens: 
praise him in the hights: praise him, all his 
angels; praise ye him, all his hosts. Praise him, 
sun and moon; praise him, all ye stars of light; 
praise him, ye heaven of heavens. Praise him, 
ye kings of the earth, and all people, princes, 
and judges of the earth; both young men and 
maidens; old men and children—let them praise 
the name of the Lord; for his name alone is ex- 
cellent, his glory is above the earth and heaven.” 
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These sublime descriptions of the supremacy 
of God and of the grandeur of his kingdom, must 
convince every reflecting mind of the inconceiva- 
ble magnificence and extent of that dominion 
“which ruleth over all.’”’ It is quite evident that 
we can never enter, with intelligence, into the 
full import and the grand reference of such ex- 
alted language employed by inspired writers, 
unless we take into view all the discoveries which 
science has made, both in the earth and in the 
heavens, respecting the variety and extent of the 
dominions of the Creator. If the “kingdom. of 
the Most High’? were as limited in its range as 
most Christians seem to conceive, such descrip- 
tions might be considered as mere hyperboles of 
bombast, or extravagant declamation, which far 
exceed the bounds of “truth and soberness.” But 
wé are certain that the conceptions and the lan- 
guage of mortals can never go beyond the reality 
of. what actually exists within the boundless pre- 
cincts of Jehovah’s empire; for “who can utter 
the mighty acts of the Lord?”’ or “who can 
show forth all his praise?” The language and 
descriptions to which we have now adverted:seem 
to have had a prospective reference to later and 
more enlightened times, when’ more extensive 
prospects of God’s dominions would be opened up 
by the exertions of, the human intellect. And 
were we to search all the records of literature, in 
ancient or modern times, we should find no de- 
scriptions nor language of such a dignified nature 
as to express the views and feelings of an en- 
lightened Christian philosopher, when he contem- 
platesithe sublimity and extent of Divine opera- 
tions—except those which are to be found in the 
inspired volume—the strength, and majesty, and 
comprehension of which no human language can 
ever exceed. ’ 

Again, by familiarizing our minds to such ex- 
tended prospects of God’s universal kingdom, we 
shall be qualified and disposed to comply with the 
injunctions of Scripture, which represent it as an 
imperious duty to communicate to the minds of 
others such elevated conceptions. This duty is en- 
joined in numerous passages of sacred Scripture, 
particularly in the book of Psalms: ‘Declare his 
glory among the heathen, and his wonders among 
all people.—I will extol thee, my God, O King.— 
One generation shall praise thy works to another, 
and shall declare thy mighty acts.—lI will speak 
of the glorious honor of thy majesty, and of thy 
wondrous works.—And men shall speak of the 
might of thy terrible acts, and shall declare thy 
greatness. All thy works shall praise thee, O 
Lord; and thy saints shall bless thee. They shall 
speak of the glory of thy kingdom, and talk of thy 
power; to make known to the sons of men thy 
mighty acts, and the glorious majesty of thy king- 
dom!”?* When we look around us in the world, 
and in the visible church, and mark the concep- 
tions and the conversation of the members of re- 
ligious societies, we need scarcely say how little 
this ennobling duty is attended to by the mass of 
those who bear the Christian name. We hear 
abundance of idle chat about the fashions and the 
politics of the day; about balls, horse-races, court 
etiquette, theatrical amusements, contested elec- 
tions, the squabbles of corporations, sectarian con- 
tentions, and ecclesiastical feuds. We listen to 
slanderous conversation, and hear abundance of 
mean, and base, and uncharitable insinuations 
against our neighbors; which indicate the opera- 
tion of malice, hatred, envy, and other malignant 


\ 





* Psalm cxly, and xevi. 3, 4. 
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dispositions. We'vpond whole hours in boisterous 
disputations. about metaphysical subtleties in re- 
ligion, and questions ‘‘ which gender strife rather 
than godly edifying:” but “ to speak of the glory 
of God’s kingdom, and to talk of his ‘rowrr,’” 
with the view of “making known to the sons of 
men his mighty works,” is a duty which remains 
yet to be learned by the majority of those who 
profess the religion of Jesus. Evensincere Chris- 
tians, while “ taking sweet counsel together,”’— 
when conversing about the love of Christ, and 
“the deep things of God,’’ and when endeavoring 
to cheer each other’s spirits with the comforts of 
religion—seldom or never advert to the visible 
works of God, and the displays of his power and 
beneficence, as manifested in creation, from which 
they might derive additional comfort and support 
to their faith, hope, and joy, and more expansive 
views of the perfections and character of their 
Father and their friend. And how can they be 
supposed to be qualified to enter into the spirit of 
such exercises, and to proclaim to others “ the glo- 
rious majesty of God’s kingdom,”’ unless such sub- 
jects be illustrated in minute detail, and proclaimed 
with becoming energy, both from the pulpit and 
from the press?) These powerful engines, when 
conducted with judgment and discrimination, are 
capable of producing on the mass of mankind a 
tone of thinking and an enlargement of concep- 
tion on such subjects which no other means can 
easily effect; and it is to be hoped'that more pre- 


‘cise and luminous details, and more vigor and an- 


imation will soon be displayed in this respect than 
in the ages that are past. 

There is a certain principle of selfishness which 
pervades the minds of many professed religionists, 
which leads them to conclude that, if they can 
but secure their own personal salvation, they need 
give themselves no trouble about the glory and 
extent of the kingdom of the Most High. “What 
need we care,’ say they, “about nations in the 
far-distant parts of the world, and about the pla- 
nets and the stars? our business is to attend to the 
spiritual interests of our souls.’’? Such persons 
seem neither to understand in what salvation real- 
ly consists, and what is conducive to their spirit- 
ual interests, nor to appreciate those tempers and 
habits which will qualify them for the enjoyment 
of eternal life. It forms but a very slender evi- 
dence of their possessing any spark of Christiani- 
ty at all, if they wish to rest satisfied with the 
most vague and groveling conceptions, and if 
they do not ardently aspire after a more enlarged 
view of the attributes of God, and the glory of 
his empire, and of whatever may tend to expand 
their conceptions of the “inheritance of the saints 
in light.” We have often been astonished at the 
opinions of some of those who move in a higher 
sphere of intelligence, who seem to consider it as 
a matter of pure indifference whether or not Chris- 
tians should attain to the highest conception in 
their power of the God whom they worship, and 
of his boundless dominions; because they con- 
ceive that such views are not essentially connect- 
ed with salvation! But we would ask such per- 
sons how they came to know that such views are 
not connected with salvation! Though they may 
not have been essential to the salvation of men in 
the dark ages that are past, or to obscure tribes of 
people at present, who have no access to the proper 
sources of information, yet, since God, in the 
course of his providence, which guides all human | 
inventions and discoveries, has disclosed to us a 
far more expansive view of the “glory of his 
kingdom,”’ than former ages could obtain, for the 
purpose of illustrating the revelations of his word, 
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who will dare to assert that the man whp has ac- 
cess, by his studious efforts, to contemplate this 
wondrous scene, and to display its grandeur to 
others, and yet willfully shuts his eyes on the di- 
vine glory therein displayed, does not thereby 
hazard the Divine displeasure? In this point of 
view, the following passage deserves a serious con- 
sideration: ‘“‘ because they regard not the works 
of the Lord, nor the operations of his hands, he 
shall destroy them, and not build them up.”? We 
have no hesitation in admitting that persons may 
have obtained salvation who never saw more of 
the sacred writings than what is confained in the 
gospel of Mark, or in one of Paul’s epistles; but 
what should we say of the man who had access 
to all the revelations of heaven we now possess, 
and yet confined his attention solely to a chapter 
or two in the New Testament, and would not 
deign to look into any other part of the inspired 
volume? We should not hesitate at once to pro- 
nounce that such a person was grossly deficient 
in his duty, and devoid of that reverence and sub- 
mission which are due to the oracles of God.—And 
if it be admitted that the person who has accéss to 
the Bible, and who refuses to peruse its important 
contents, is guilty of a criminal neglect, we do 
not see how the man who has free access to the 
other volume of God’s revelation, and views it as 
a matter of mere indifference whether he look 
into it or not, can be deemed in ,this respect en- 
tirely innocent. If it be understood that we shall 
be judged according to the light and privileges we 
enjoy, and the use we make of them in our im- 
provement in the knowledge of God—we would 
deem it a hazardous position for any one to sup- 
port, “ That inattention to the visible glories of 
the kingdom of God, and to the ‘ declaration of his 
wonders among the people,’ is a matter either of 
indifference or of trivial importance.” 

For, let it be considered further, that. on the 
extent of our views respecting the universal kingdom 
of God, depends our conceptions of the majesty and 
glory of the Creator himself. We become acquaint= 
ed with the nature of God only in so far as he 
has manifested himself to us by external opera- 
tions,* and in so far as we form just conceptions 
of these operations. If we conceive his empire 
as included within the bounds of eighty or ninety 
thousand miles, our conceptions of the Sovereign 
of that empire will be circamscribed within near- 
ly the same limits. The mind of every reasona- 
ble man must indeed admit the abstract’ proposi- 
tion, “ That the Divine Being is infinite, and 
consequently fills all space with his presence.’’*— 
But this infinity, in our view, is nothing more 
than a vague conception of empty space, extending a 
little way beyond the sphere of his visible operations. 
The mind must have some material, visible, or 
tangible objects to rest upon, and to guide it in 
its excursions when it would attempt to form the 
most definite and comprehensive conceptions of 
an infinite, eternal, and invisible existence. For, 
however much we may talk about purely spiritual 
ideas, it is quite evident, from the nature of things, 
and from the very constitution of man, that-we 
can have no ideas at all without the intervention 
of sensible objects. And therefore, if we would 
wish to form the most sublime conceptions of 
God himself, we must endeavor, in the first place, 
to take the most extensive views hey science 
and revelation exhibit of his vast dominions. We 
must endeavor to form some adequate idea of the 





* Here I include the manifestation of Deity as ex- 
hibited both in Divine Revelation and in the system of 
Natare, 
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wide extent of the globe on which we’ dwell, ils 
diversified scenery, and the numerous tribes of 
human beings and other animated existences, visi- 
ble and invisible, which people its different pro- 
vinces. We must explore the vast regions of the 
planetary system, and compare the bulk of the 
earth, large as it is, with some of those more 
magnificent globes which would contain within 
their circumference a thousand worlds as large as 
ours. We must next wing our way, in imagina- 
tion, over a space which a cannon ball, flying five 
hundred miles every hour, would not traverse in 
ten hundred thousand years, until we arrive at 
the nearest fixed stars, and find ourselves in the 
center of thousands of systems and worlds, ar- 
ranged at immeasurable distances from one an- 
other. We must pass from one nebula, or cluster 
of systems, to another; continuing our excur- 
sions as far as the eye or the telescope can direct 
our view; and, when the aid of artificial instru- 
ments begins to fail, our imagination must still 
take its flight far beyond the boundaries of mortal 
vision, and add system to system, and nebula to 
nebula, through the boundless regions of space, 
until we arrive at the grand center of the uni- 
verse, the Throne: of God, around which all 
worlds and beings revolve, where “ thousands of 
thousands”’ of bright intelligences “minister to 
Him, and ten thousand times ten thousand stand 
before Him.’’—We must consider all this magni- 
ficent assemblage of objects, not merely as so 
many masses’of inert matter, or as a grand raree~ 
show, to dazzle the eyes of a few hundreds of hu- 
man spectators, —but as destined for purposes 
worthy of the plans and the intelligence of Him 
who is “the only wise God,’’—as peopled with 
numerous orders of intelligent beings, whose 
physical and moral economy is superintended and 
directed by Him who, at the same time, rules 
amidst the tumults of human revolutions; and 
governs the living myriads which people a drop 
of water. 

In this way, then, do we come to acquire’ the 
most extensive views ef the amplitude and glory 
of- the kingdom of the Most High; and it is only 
by the same process of thought that we can ever 
attain the most exalted conceptions of the attri- 
butes of its Almighty Sovereign. For our views 
of the Sovereign of the universe must always cor- 
respond with our views of the extent and magni- 
ficence of those dominions which sprung from his 
Creating Hand, and over which he every moment 
presides. His essence must: forever remain im- 
perceptible to finite minds; for He is “the King 
Eternal, Immortal, and Invisible, dwelling in that 
Light which no man can approach unto, whom no 
man hath seen, or can see.” From his nature, as 
a Spiritual uncompounded substance, and from his 
immensity, as filling infinite space with his pres- 
ence, it appears impossible, in the very nature of 
things, that the glory of his. perfections can be 
displayed in any other way than through the me- 
dium of the visible operations ofshis hands,-or in 
the dispensations of his providence toward par- 
ticular worlds or classes of intelligences. And if, 
in the future world, the souls of good men shall 
enjoy a more glorious display than at present of 
the attributes of Deity, it will be owing chiefly to 
their being placed in more favorable circumstances 
than they now are for contemplating this display; 
to their faculties being more invigorated; and 
every physical and moral impediment to their ex- 
ercise being completely removed; so as to enable 
them to perceive more clearly than they now do, 
the unbounded displays he has given of his infi- 
nite Power, Wisdom, and Benevolence. And, if 
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we expect to be introduced to this state of enlarged | dispensations toward the various nations of the — 
vision when we pass from the scenes of mortality,-| earth;. and therefore we must have recourse to the 


it cannot be a matter of mere indifference, even 

now; whether or not our minds be prepared for 

such exalted employments, by endeavoring to form 
the most ample conceptions of the attributes of 

God which can be obtained through the medium 

of his Word, and by a contemplation of the va- 

riety and magnificence of his Works. 

In the prospect of that world where we hope to 
spend an interminable existence, it must also be 
interesting to ascertain, whether or not the do- 
minions of the universal Sovereign present such 
an extent of empire, and such a variety of objects, 
that new scenes of wonder and glory may be ex- 
pected to be displayed in continual succession, for 
the contemplation and entertainment of holy be- 
ings, while eternal ages are rolling on. And, on 
this point, the discoveries of science confirm and 
illustrate the notices of heavenly glory and felici- 
ty recorded in the inspired Volume, and lead us to 
rest with full assurance on the prophetic decla- 
ration, that “eye hath not seen, ner ear heard, 
nor hath it entered into the heart of man to con- 
esive, the things which God hath prepared for 
them that love him.’ 

Wi—By connecting the Discoveries of Science with 
Religion, the minds of Christians would be enabled 
to take a more minute and comprehensive survey 
of the. OPERATIONS OF PROVIDENCE. 


Providence is that superintendence and care 
which God exercises over all creatures and events, 
in-order to accomplish the eternal purposes of his 
will. In Creation, God brought the universe out 
of nothing, and arranged all its provinces and in- 
habitants into due order. By his Providence, he 
supports and governs all the movements of the 
material system, and the sensitive and rational 
beings with which it is peopled. It is evident, 
that, in proportion as our views of the Creator’s 
Dominions are extended, our views of his Provi- 
dence will, to.a certain extent, be proportionably 
enlarged. For, wherever worlds and beings ex- 
ist, there will God be found preserving, superin- 
tending, and governing the movements of all 
creatures and events. It is chiefly, however, in 
the world in which we reside, that the diversified 
dispensations of Providence can be distinctly 
traced. Now, an acquaintance with the promi- 
nent parts of the different branches of knowledge 
to which [have already adverted, would enable us to 
take a particular and comprehensive view, not only, 
of the ways of God to man, but also of his ar- 
rangements in reference to all subordinate crea- 
tures and events. 

From the Inspired History of the Old Testa- 
ment, we can trace.the prominent lines of the dis- 
pensations of God toward man, particularly. in 
regard to the Israelites and the surrounding na- 
tions—from the Creation to a period about 400 
years before the coming of Christ. But in order 
to perceive the further progress and bearings of 
these lines until the commencement of the New 
Testament economy, we must. have recourse to 
the most authentic records of profane history. 
From the era of the birth of Christ to near the 
close of the first century, we can acquire, from 
the Evangelists, and the History of the Apostles, 
a particular account of the life of Christ, of the 
events which preceded and accompanied the fin- 
ishing of the work of redemption, and of the pro- 
gress of the Gospel through Judea, and the adja- 
cent countries. But, after this period, we have no 
inspired guide to direct us in tracing the Divine 





annals, memoirs, chronicles, and other records of 
the history of nations, down to the period in which 
we live; otherwise we could never contemplate 
the continued series of events’ in the Divine econ- 
omy toward the inhabitants of our world. Un- 
less, men of Jearning and of observation had re- 
corded the prominent facts which have occurred in 
the history of nations, for 1700 years past, we 
must have remained almost as ignorant of the dis- 
pensations of God toward our race, during that 
period, as the inhabitants of the planet Saturn; 
and unless we study the events thus recorded in 
the writings of the historian, and contemplate 
their various aspects and. bearings in the light of 
Divine Revelation, we must still remain ignorant 
of the grand movements and tendencies of Divine 
Providence. This single circumstance shows, in 


| the clearest light, that it is the intention of God, 


that we should learn the operations of his Provi- 
dence from the researches of Science and of His- 
tory, as well as from the records of Revelation; 
and that the Seriptures, though they contain every 
supernatural discovery requisite to our happiness, 
are not of themselves sufficient to present us with 
a connected view of the prominent dispensations 
of Heaven, from the Creation to the period in 
which we live. 

From the science of Geography, we acquire a 
knowledge of the extent of the surface of the 
earth—of the various tribes of human inhabit- 
ants. with which it is peopled—of the physical 
aspect of the different climates they inhabit—of 
their arts, manners, customs, laws, religion, vices, 
wars; and political economy: and, consequently, 
we can, in these and similar respects, trace some 
of the aspects of Divine Providence toward them 
in relation to their present and future condition. 
From the same source, we learn the number. of 
human beings which the Governor of the world 
has under his direction at one time, which is 
nearly a thousand millions, or about four hundred 
times the number of the inhabitants of Scotland. 
From the data afforded by this science, we may 
also form an estimate of the number of disembo- 
died spirits that have passed from this world since 
the creation, and are now under the superinten- 
dence of the Almighty in the invisible state, which 
cannot be much less than 145,000 millions; and, 
on similar grounds, we may also learn the number 
of rational beings that are coming forward into 
existence, and passing into. the eternal world every 
day, which is at least 68,000, and, consequently 
nearly 50 during each passing minute,—every in- 
dividual of which the Supreme Disp of events 
superintends at his entrance into life; d, at his 
departure from it, directs to his respective and 
eternal -state of .destination.. Hence, follows 
that, could we take a view of the whole system 
of animation on our globe with the eye of Om- 
niscience, or even with the penetrating glance of 
an angelic being, we should behold every hour, 
thousands of human and other animated beings 
incessantly emerging into existence, and thou- 
sands, at the same time, departing into an unseen 
world, under a vast diversity of circumstances; 
and this succession and exit of human beings will 
incessantly go forward from age to age, until all the 
designs of Providence in relation to. our world be 
fully accomplished. All which, circumstances, 
and many others of a similar kind, must be taken 
into account, in order to our forming a compre- 
hensive conception of the numerous bearings, 
and the incessant. agency of a Superintending 
Providence. 







‘those improvements and discoveries which have a 
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it From Natural History, we learn the,immense 


number and variety of the subordinate tribes of 
animated beings which inhabit the different 
regions of earth, air, and sea—their economy and 
instincts—their modes of existence, and the man- 
ner in which the Creator provides for their vari- 
ous necessities. From an acquaintance with the 
History of the Arts and Mechanical Inventions, we 
learn the gradual manner in which God directs 
the movements of the human mind, in making 


bearing upon the accomplishment of his eternal 
plans of mercy, and which tend to enlarge our 
views ‘of the amplitude and the glories of his 
kingdom—From Natural Philosophy and Chemis- 
iry; we learn the secondary causes or subordinate 
laws hy which the Almighty supports and directs | 
the natural constitution of the world—the won- 
derful manner in which our lives are every mo- 
ment supported—and the agencies by which fire, 
air, light, heat, and fertility are distributed through 
the globe, for promoting the comfort and happi- 
ness ‘of everything that lives.”,—From Anatomy 
and Physiology, we learn how “fearfully and 
wonderfully we are made and preserved’”’—that 
our health.and comfort depend upon the regular 
action of a thousand organical parts and functions 
over which we have no control—and that our 
very existence every moment is dependent on 
the superintendence of a Superior Power, «in 
whose hand our breath is, and whose are all our 
ways.” 

By an occasional study, then, of the subjects to 
which we have now alluded, we might gradually 
expand our conceptions of the range and opera- 
tions of Divine Providence. Every geographical 
exploration of a new region of the globe—every 
scientific improvement and discovery—every use- 
ful invention—every eruption of a voleano—every 
shock of an earthquake—every hurricane, and 
storm, and tempest—every battle of the warrior— 
every revolution among the nations—and every 
detail in the newspapers we daily read, would lead 
us to form some conceptions of the providential 
purposes of Him who is the Supreme Disposer of 
all events—Even the arrangements of Divine 
Wisdom, with regard to the economy of the lower 
animals, ought not to be overlooked in such a 
survey. When. we consider the immense num- 
ber and variety of animated beings—that there 
are 600 species of quadrupeds, every species con- 
taining, perhaps, many millions of individuals; 
4000 species of birds; 3000 species of fishes; 700 
species of reptiles; and 44,000 different kinds of 
insécts, beside many thousands of species alto- 






gether in le to the unassisted, sight—when we 
eonside t the structure and organization of all 
these ent species are different from each 
other, exactly adapted to their various situa: 


tions"and modes of existence, and that their mul- 
tifarious wants in regard to food and habitation, 
are all provided for, and amply supplied by Him, 
who, at the same time, arranges and governs the 
affairs of ten thousand worlds—we must be lost 
in astonishment at the greatness of the Intelli- 
gence which formed them, and at the exuberance 
of that bounty which spreads so full a table for so 
Immense an assemblage of living beings! And 
were we transported to other worlds, we* should, 
doubtless, behold still more ample displays of Di- 
vine Beneficence. R ‘ 
We are here presented with a striking commen- 
tary on such passages of the Sacred Volume as 
these: “ The eyes of all look unto thee, O Lord! 
and thou givest them their meat in due season. 





Thou openest thy hand liberally, and satisfiest the 
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desire of every living thing. The earth. is full of 
thy riches, O Lord! so is the great and wide'sea, 
wherein are things creeping innumerable, both 
great and small beasts. ‘These all wait upon thee, 
and thou givest them their meat in due. season. 
That which thou givest them they gather: Thou 
openest thine hand, they are filled with good.”— 
‘°Q Lord, thou preservest man and beast! How 
excellent is thy loving-kindness! Therefore the 
children of men shall put their trust under the 
shadow of thy wings. They shall be abundantly 
satisfied with the fatness of thy house’’* (of the 
table thou hast spread in thy world for all thine 
offspring), “and thou shalt make them drink of 
the river of thy pleasures.” One excellent prac- 
tical effect which might flow from such contem- 
plations would be to inspire us with feelings of 
humanity toward the inferior order of animals, 
and to prevent us from wantonly and unnecessa- 
rily torturing, or, depriving them of existence. 
For, since the Creator and Preserver of all has so 
curiously organized their bodies, and fitted them 
for the different regions in which they reside, and 
so carefully provided for all their wants, it must 
be His will that they should ‘enjoy happiness ac- 
cording to the extent of their capacities; and, 
therefore, they ought te be considered as neces- 
sary parts of our sublunary system.—Another 
practical lesson we may derive from such surveys, 
is,‘to place an unshaken dependence upon God 
for our temporal subsistence, while’. we, at the 
same time, exert all our faculties in the line of 
active duty. ‘Blessed is the man who trusteth in 
him; for there is no want to them that fear him. 
The young lions may suffer hunger, but they that 
fear the Lord shall not want any good thing.”— 
He who decks,the lily of the vale, and spreads out 
a plentiful table to the fowls of heaven, to the 
beasts of the forest, to the creeping insect, and 
even to the microscopic animalcule, will never 
fail to supply the necessary wants of those who 
‘“‘do His will, and hearken to the voico of His 
commandments.’ And if at any time we be 
found destitute of daily food, and pining away in 
penury and squalid disease, we have too much 
reason to conclude, that in one’way or another, 
either our deviation from the path of rectitude, or 
our distrust of Divine Providence, or our want of 
prudence, and économy, has procured for us these 
things. 

I have said, that it is chiefly in the world in 
whith we dwell that the dispensations of Provi- 
dence can be distinctly traced.. But we must, 
nevertheless, admit, that the care and superinten- 
dence of God are as minutely exercised in the 
distant regions of the universe, as in our terres- 
trial sphere; though we are not permitted, at pre- 
sent, to inspect the particular details of His proce- 
dure in reference to other orders of intelligences. 
We are not, however, altogether ignorant of 
some prominent features of the physical and 
moral economy of other worlds, in consequence 
of the discoveries of modern astronomical science. 

With respect to their physical economy, we be- 
hold a striking variety in the Divine arrangements. 
We perceive one planetary world surrounded by 








* This and several other similar passages, may be consid- 
ered as more especially applicable to the bounty of Provi- 
dence which God has provided for all his creatures, The 
practice of spiritwalizing such passages, as it is termed, 
has a tendency to caricature Scripture, and to twist it from 
its precise and sublime references, to accord with the vague 
fancies of injudicions minds. The literal meaning of Scrip- 
ture is always the most appropriate, emphatic, and sublime, 
but it may, in some cases,@be used by way of accommoda- 
tion, in illustrating divine subjects when it is applied with 
judgment and discrimination, : : 
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two splendid and magnificent rings, one of them 
_ 204,000, and the other 184,000 miles in diameter, 
stretching across its celestial canopy from one end 
of the heavens to another—moving with majestic 
grandeur around its inhabitants every ten hours, 
and diffusing a light equal to several thousands of 
moons like ours—which may be considered as a 
visible and permanent emblem of the Majesty and 
Glory of their Creator. We perceive, connected 
with the same globe, seven moons all larger than 
ours, of different magnitudes, and placed at dif- 
ferent distances, and revolving in different periods 
of time around that spacious world. The diver- 
sified aspects of these rings, as viewed from the 
different regions of the planet at different times, 
and the variety of appearances produced by the 
alternate rising, setting, culmination, and frequent 
eclipses, and other aspects of the moons, must 
present to the inhabitants a very grand, and diver- 
sified, and magnificent scene of Divine operation.* 
On the other hand, we behold another planetary 
globe destitute both of rings and moons, but 
which has the starry heavens presented to view 
nearly in the same aspect in which we behold 
them. We perceive a third globe much larger 
than them both, capable of containing 200 times 
the number of the inhabitants of our world—ac- 
companied in its course with four moons to 
diffuse light in the absence of the sun, and to 
diversify the aspect of its sky. In some of these 
worlds, the succession of day and night is accom- 
plished within the space of ten hours; in others, 
this revolution is not-completed until after the 
lapse of twenty-four hours, or.of as many days. 
In some, the days and nights are nearly equal on 
every part of their surface, and they have little 
variety of seasons; in others, the variety in the 
length of the days and the vicissitudes of the sea- 
sons, are nearly the same as those we experience 
in our terrestrial world. Around some, there 
appears a dense atmosphere, while others are en- 
vironed with atmospheres more rare and. transpa- 
rent. Some move in the vicinity of the sun, and 
enjoy an abundant efflux of light and heat, while 
others are removed to the distance of eighteen 
hundred millions of miles from that central lumi- 
nary. Some finish the revolution of their year in 
a few months; while others require twelve, thirty, 
or even eighty of our years to complete their an- 
nual round. Some appear adorned with majestic 
mountain scenery, and others seem to have great 
changes occasionally taking place in their atmo- 
spheres, or on their surfaces. There are four 
planetary bodies lately discovered, which, there is 
every reason to believe, once formed the compo- 
nent parts of alarger globe; but, by some mighty 
catastrophe in the dispensations of Heaven, it 
appears to have been burst asunder into the frag- 
ments we now behold. If the general proposi- 
tion illustrated in Section II of the preceding 
chapter be admitted, such a fact would seem to 
indicate, that a moral revolution has taken place 
among the intelligent beings who had originally 
been placed in those regions; and that their fate 
was involved in the dreadful shock which burst 
asunder the globe they inhabited, just as the fate 
of the Antediluvians was involved in the shock 
by which the solid crust of our globe was dis- 
rupted, at the period of the universal deluge. 
These are some outlines in the economy of Pro- 
vidence which we can trace with regard to the 
arrangements of other worlds; but beyond such 
general aspects we are not permitted to penetrate, 
so long as we sojourn in tabernacles of clay. But 
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even such general views afford some scope to the™ 
contemplative mind, for forming enlarged concep- 
tions of the Grandeur and Diversity of the Dis- 
pensations of God, in the worlds which roll in the 
distant regions of space. 

With regard to their moral economy—we may 
rest assured, that the prominent outlines of it are 
materially the same as of that economy which 
relates to the inhabitants of our world. The fun- 
damental principles of the moral laws given to 
men, and which it is the great object of Revela- 
tion to support and illustrate, are, “Thou shalt 
love the Lord thy God with all thy heart and un- 
derstanding,” and, “ Thou shalt love thy neighbor 
as thyself.” On these two commandments hang 
all the Law and the Prophets—Now we must at 
once admit from the Nature of the Divine Being, 
and from the relation in which rational beings 
stand to Him, and to one another,—that the Crea- 
tor has enacted ‘these laws, as the great governing 
principles by which the actions of all intelligences 
in heaven, as well as upon earth, are to be direct- 
ed. For the governor of the world can never be 
supposed to issue a law to any order of rational 
creatures, which would permit them to hate their 
Creator, or to hate those whom he has formed 
after his own image. Such a supposition would 
be inconsistent with, the eternal rules of rectitude, 
and with the perfections of Deity; and the fact 
supposed (if it could exist), would introduce con- 
fusion and misery throughout the whole intelli- 
gent universe. And, therefore, we must necessa- 
rily admit, that the laws to which I now advert, 
are binding upon all the rational inhabitants which 
exist throughout Jehovah’s dominions; and that 
it is by these that the moral order of all the Prin- 
cipalities and Powers of Heaven is preserved and 
directed. In those worlds where there is no 
change in the succession of their inhabitants—or, 
in other words, where there is no death, or where 
they are not produced by any process analogous 
to generation, but have a fixed and permanent 
residence — there will be no need for moral 
precepts corresponding to the fifth and seventh 
commandments of our moral law; and, in those 
worlds where property is common, and the boun- 
ties of the Creator are equally enjoyed by all, 
there will be no necessity for a law corresponding 
to the eighth commandment; but the general prin- 
ciples on which these laws are founded, will be 
applicable to all the other circumstances and rela- 
tions which actually exist: so that the principle, 
and spirtf, and essence of our religion, must be 
common to all the holy inhabitants of the uni- 
verse. And, therefore, it will follow, that every 
intelligent being that is animated and directed by 
such principles and affections, will be qualified: 
for holding delightful intercourse with all holy 
beings throughout the universe of God, in what- 
ever province of the Creator’s empire he may 
hereafter be placed; and, to qualify us for such 
harmonious and affectionate intercourses, is one 
great end of the Salvation exhibited in the Gos- 
pel. So that, although we cannot, in our present 
state, acquire a minute and comprehensive know= 
ledge of the moral history of other worlds, of the 
special interpositions or manifestations of Deity 
in relation to them, or of the means by which 
they are’carried forward in moral and intellectual 
improvement—yet we can trace the general prin- 
ciples or laws which form the basis of their moral 
and religious economy. For, as the laws of op- 
tics, and the principle of gravitation, pervade the 
whole material system, as far as the universe is 
visible to our unassisted vision—so the principle 
of supreme love to God, and sincere affection to 
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 fellow-intelligences, must pervade the intellectual 
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universe wherever it extends; and, if any intelli- 
gent agents beside men have violated these laws, 
they must experience pain, and misery, and disor- 
der, analogous to those which are felt by the in- 
habitants of our apostate world. 

Thus I have endeavored to show, that the com- 
bination of Science with Religion, would tend to 
expand our views of Divine Providence—in the 
various arrangements of God, in relation to the 
human race, and to the subordinate tribes of sen- 
sitive beings—and in reference to some of the pro- 
minent features of his administration in distant 
worlds. And, therefore, though the Christian 
ought never to overlook the ways of Providence 


in relation to himself, and to his spiritual and do- 


mestic concerns, yet it would argue a selfishness 
and a sottishness, altogether inconsistent with the 
noble and expansive spirit of Christianity, to over- 
look all the other parts of the Theater of Divine 
Dispensations, when a very slight degree of labor 
and research might be instrumental in unfolding 
them to his view. 


IV.—The connection of Science with Religion would 
have a tendency to induce upon Christians a 
SPIRIT OF LIBERALITY, Of CANDOR, and of accu- 
RACY IN JUDGING OF THE OPINIONS AND ACTIONS 
OF MEN, and of THE DIVINE PROCEDURE AND OPE- 
RATIONS. 


Who is the most Candid and Liberal Being in 
the universe? God.—And why is God to be con- 
sidered as the most Liberal Intelligence that ex- 
ists? Because He embraces a minute, a full, and 
comprehensive view of all the circumstances, 
connections, relations, habits, motives, tempta- 
tions, modes of thinking, educational biases, phy- 
sical affections, and other causes, that may influ- 
once the sentiments or the conduct of any of his 
creatures. — Who, among created intelligences 
may be viewed as endowed with these qualities in 
the next degree? The loftiest seraph that God 
has created, who has winged his way to numerous 
worlds; and taken the most extensive survey of 
the dispensations of the Almighty, and of all 
oreatures and events——Who, among the sons of 
men, is the most illiberal and inaccurate in judg- 
ing of opinions, of persons, and of things? The 
man who has lived all his days within the smoke 
of his father’s chimney, or within the confines of 
his native village—who has never looked beyond 
the range of his own religious party — whose 
thoughts have always run in one narrow track— 
whose reading has been confined to two or three 
musty volumes, which have lain for ages on the 
same smoky shelf—who cares for nothing either 
in the heavens or the earth, but in so far as it 
ministers to his convenience, his avarice, or his 
sensual enjoyment—who will admit no sentiment 
to be true, but what he may have heard broached 
by his parson—and whose conversation seldom 
rises beyond mere gossiping chit-chat, and the 
slanderous remarks which are circulated among 


"his neighbors. Such characters are entirely un- 


qualified for forming a correct judgment, either 
of the sentiments and the actions of men, or of 
the works and the ways of God; for they are 
completely destitute of the requisite data whereon 
to form a rational decision in relation to either of 
these subjects. : 

It may be admitted as a kind of axiom, in our 
estimate of human character, that, in proportion 
to the ignorance, and the narrow range of view, 
which characterize any individual, in a similar 
proportion will be his want of candor, and his 
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unfitness for passing a sound judgment on any 
subject that is laid before him—and that the man 
who has taken excursions through the widest 
range of thought, accompanied with a corres- 
ponding improvement of his moral powers, will 
always be the most liberal and candid in his deci- 
sions on the moral and intellectual qualities of 
others. Tio these maxims, few exceptions will 
generally be found—In forming an enlightened 
judgment in regard to any action or object, it is 
essentially requisite, that we contemplate it in all 
its different features and aspects, and in all its 
minute circumstances, bearings, and relations — 
We would not hesitate fora moment to determine 
who is best qualified to give an accurate descrip- 
tion of a city,—he who has only viewed its spires 
from a distance, while in rapid motion in his cha- 
riot — or he who has minutely surveyed all its 
streets, lanes, squares, public edifices, and sur- 
rounding scenery, in every variety of aspect; or, 
who appears most likely to form the most accu- 
tate and enlightened judgment in relation to any 
particular kingdom,—he who has just skirted 
along a few miles in one of its coasts, or he who 
has traversed its length and breadth in all direc- 
tions, and mingled with every class of its inhabit- 
ants. On the same principle it must be admitted, 
that he who has viewed religion in all its aspects 
and bearings, who has taken the mest extensive 
survey of the manifestations of God, and of the 
habits and relations of men, is the best qualified 
to pronounce a candid and accurate: decision on 
all the intellectual and moral cases that may 
come before him. : 

If the spirit of the above-stated sentiments be 
founded on reason and on fact, it will follow that, 
the more we resemble God in the amplitude of 
our intelectual views and benevolent affections, the 
more candid, and liberal, and accurate will our 
judgments be in reference to all the actions, ob- 
jects, and relations we contemplate. On the other 
hand, the man who is confined to a narrow range 
of thought and prospect, is continually blundering 
in the estimates he forms, both in respect to phy- 
sical facts, to general principles, and to moral ac- 
tions. He forms a premature and uncharitable 
opinion on every slander and report against his 
neighbor. He condemns without hesitation, and 
throws an unmerited ‘odium on whole bodies of 
men, because one or two of their number may 
have displayed weakness and folly. He hates and 
despises men and their opinions, because they be- 
long not to his political or religious party. He 
pronounces his decisions on the motives of men 
with as much confidence as if he had surveyed 
their hearts with the eye of Omniscience. He 
cannot hear an objection against his favorite opin- 
ions with patience, nor an apology for any set of 
principles but his own. He is arrogant and dog- 
matical in his assertions, and will make no con- 
cessions to the superior wisdom of others. He 
sets himself, with violence, against every proposal 
for reformation in the church, because his fore- 
fathers never thought of it, and because such “ in- 
novations” do not suit his humor and preconeeiy- 
ed opinions. He decides, in the most confident 
tone, on what God can and cannot do, as if he had 
taken the gauge of infinite perfection; and he 
frets at the Divine dispensations when they do not 
exactly quadrate with his own humors and selfish 
views. 

With regard to the operations of the Most High 
he also forms the most foolish, and vague, and 
contradictory conceptions. ‘Tell him of the vast 
dimensions of the planetary system, of the men 
and animals that live on the opposite side of the 
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globe, of the annual and diurnal motion of the 
earth—that this world and its inhabitants are 
moving through the regions of space many thou- 
sands of miles every hour—that one of the planets 
is so large that it would contain 1400 worlds as 
spacious as ours—that, another is flying through 
the tracts of immensity at the rate of a hundred 
thousand miles an hour—and that light is darted 
from the sun at a velocity of 192,000 miles in a 
moment of time,—he will stare at you with as- 
tonishment at such extravagant assertions, and 
will sooner believe the stories of giants 100 feet 
high, and of fairies that can enter in crowds 
through the keyhole of his door. Instead of 
frankly acknowledging that “he is ignorant of 
such subjects, and of the grounds of such con- 
clusions—that those that have studied them with 
intelligence are best capable of judging — that, if 
true, they must fill us with admiration of the 
glory of God—but that, as he has hitherto had no 
opportunity of examining such matters, he must 
suspend his assent until he inquire into the reasons 
which can be given for such amazing deductions;”’ 
instead of such concessions, which are the dic- 
tates of modesty and of common sense, he will 
tell you at once, without hesitation, and without 
a blush at his presumptuous decisions, that “it is 
all extravagance, and folly, and idle romance, con- 
trary toScripture,and reason, andcommon sense ;”’ 
and will not hesitate to brand you as a heretic, for 
endeavoring to break loose his intellectual tram- 
mels!—thus tacitly declaring that he is far better 
qualified to pronounce a decision on such topics 
than all the philosophers and divines, and all the 
brightest geniuses who have appeared in the world 
for ages past; though he will at the same time 
admit, that he never gave himself the trouble to 
examine into such matters! ; 

His views of the providential dispensations of 
God are equally partial and distorted. If disease, 
or poverty, or misfortune, happen to his neighbor, 
especially if he had withdrawn from the religious 
party to which he belongs, it is considered as a 
penal judgment for his error and apostasy. If 
prosperous circumstances attended his family or 
his religious party, it is viewed as a sign of Di- 
vine approbation. He seldom views the hand of 
God, except in uncommon occurrences, and then, 
he imagines that a miracle is performed, and that 
the wheels of nature are stopped in order to ac- 
complish the event. He seldom looks beyond the 
precincts of his own church ur nation, to observe 
the movements of the Divine footsteps toward 
other tribes of his fallen race. He overlooks the 
traces of Divine operation which are every mo- 
ment to be seen above and around him—and yet, 
in the midst of all such partial and contracted 
views, he will sometimes decide on the Wisdom 
and Rectitude of the Ways of God, with as much 
confidence as if he had entered into the secret 
councils of the Eternal, and surveyed the whole 
plan of his procedure. 

Such are a few prominent outlines of the cha- 
racter of thousands, whose names are enrolled as 
members of the visible church—whose illiberality 
and self-conceit are owing to the contracted no- 
tions they have formed of God and of Religion. 
And, surely, it must appear desirable to every 
enlightened Christian, that every proper mean 
should be used to prevent rational immortal be- 
ings from remaining enchained in such mental 
thraldom. 

On the other hand, the man who takes an en- 
lightened view of all the works and dispensations 
of God, and of all the circumstances and rela- 
tions of subordinate beings, necessarily acquires a 
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nobleness and liberality of mind, and an accuracy 


)in judging of things human and divine, which no 


other person can possess. He does not hastily 
take up an evil report against his neighbor; for he 
considers how unfounded such reports often are, 
and how much they are owing to the insinu- 
ations of envy or of malice. And, when he 
can no longer doubt of an evil action being sub- 
stantiated against any one, he does not triumph 
over him in the language of execration; for, he 
considers all the circumstances, relations, feelings, 
and temptations with which he may have been 
surrounded; he considers, that he himself is a frail 
sinful creature, and might possibly have fallen in 
a similar way, had he been placed in the same 
situation. He does not trumpet forth the praises 
of a man who has performed one brilliant benevo- 
lent deed, as if he were a character to be admired 
and eulogized—while the general course of his 
life is marked with vice, and an utter forgetful- 
ness of God and Religion; nor does he fix a stig- 
ma of immorality upon the person who may have 
acted foolishly or sinfully in one or two instances, 
while the general tenor of his conduct has been 
marked by purity and rectitude: for, in both cases 
he considers, that it is not an isolated action, but 
general habits which determine the character of 
any individual. He esteems the Wise and the 
Good, and holds friendly intercourse with them, 
to whatever political or religious party they be- 
long. He can bear, with affability and candor, to 
have his opinions contradicted, and can differ from 
his neighbor in many disputed points, while, at 
the same time, he values and esteems him. He 
will not brand a man as a Heretic or a Deist, be- 
cause he takes a view of some dogmas in Theolo- 
gy in a different light from what he himself does; 
for he considers the difference of habits, studies, 
pursuits, and educational prejudices, which must 
have influenced his opinions; and makes due al- 
lowance for the range of thought to which he may 
have been accustomed. He is always disposed to 
attribute the actions of others to good motives, 
when he has no proof to the contrary. [He uses 
no threats nor physical force to support his opin- 
ions, or to convince gainsayers; for he knows 
that no external coercion can illuminate the mind, 
and that the strength of arguments, and the force 
of truth, can alone produce conviction. He is 
convinced how ignorant he is, notwithstanding all 
his study, observations, and researches, and presses 
forward, as long as he lives, to higher degrees of 
knowledge and of moral improvement. 

He is an active promoter of every scheme that 
tends to enlighten and meliorate mankind, and to 
extend the knowledge of salvation to the ends of 
the earth; for he considers that it is not by mira- 
cles, but by the subordinate agency of intelligent 
beings, that God will effectuate the illumination 
and the moral renovation of our apostate race. 
He views the special agency of God in all the 
movements of the Scientific, the Religious, and 
the Political world, and perceives Him accom- 
plishing: his purpose, in the inventions of human 
genius, and in the economy of the minutest in- 
sect, as well as in the earthquake, the storm, and 
the convulsions of nations; for he considers the 
smallest atom, and the Hosts of Heaven, as equal- 
ly directed by Eternal Wisdom, and equally ne- 
cessary in the universal chain of creatures and 
events. He displays a becoming modesty in 
speaking of the ways and the works of God. 
When he meets with any dark and afilictive dis- 
pensation in the course of Providence, he does 
not fret and repine, but is calm and resigned, con- 
scious that he perceives only a small portion of 
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the chain of God’s dispensations, and is, therefore, 
unable to forma just comparison of the connec- 
tion of any one part with the whole. When he 
contemplates the depraved and wretched condition 
of the greater part of the world, at present, and 
for thousands of years past, notwithstanding the 
salvation which has been achieved for sinners 
of mankind, he is far from arraigning the Divine 
goodness and rectitude, in leaving so many nations 
to walk in their own ways;” for he knows not 
what relation this dismal scene may bear, what 
influence it may have, or what important impres- 
‘sions it may produce, on worlds and beings with 
which we are at present unacquainted. 

He is cautious in pronouncing decisively re- 
specting the dispensations of God, in regard to 
the universe at large. He does not, for example, 
assert, with the utmost confidence, as some have 
done, “that there never was, and never will be, 
to all the ages of eternity, such a bright display 
of the Divine Glory as in the Cross of Christ.” 
He admires and adores the Condescension and the 
Love of God, in the plan of Salvation which the 
Gospel exhibits, and feels an interest in it far be- 
yond that of any other special manifestation of 
Deity; but he dares not set limits to the Divine 
Attributes and Operations. He considers himself 
at present, with regard to the grand system of the 
Universe, in a situation similar to that of a small 
insect on one of the stones of a magnificent edi- 
fice, which sees only a few hairbreadths' around it, 
and is altogether incapable of surveying the sym- 
metry, the order, and beauty of the structure, and 
of forming an adequate conception of the whole. 
He considers that he has never yet surveyed the 
millionth part of Jehovah’s empire, and, there- 
fore, cannot tell what the Eternal Sovereign has 
been pleased to exhibit in its numerous provinces; 
and, least of all, can he ever presume to dive into 
the depths of interminable ages, and boldly declare 
~what the Almighty will, or will not do, through 
‘eternity to come. He, therefore, views it as pre- 
‘sumption, while he has no dictate of revelation 
for his warrant, to pronounce decisively, either on 
the ene side-or on the other, of such a deep and 
important question, which seems above the reach 
vof the loftiest seraph to determine.* In short, he 
endeavors to take a view of all the manifestations 
of Deity within his reach, from every source of 
information which lies before him, and as far as 
his limited faculties will permit. He does not call 
‘in question the discoveries of Science, because 
they bring to his ears most astonishing reports of 
the Wisdom and Omnipotence of Jehovah; and 
of the boundless extent of his Kingdom; but re- 
joices to Jearn, that the grandeur of his dominions 
is actually found to correspond with the lofty de- 
scriptions of Divine Majesty and Glory recorded 
in the Volume of Inspiration, and is thereby in- 
spired with nobler hopes of the glory and felicity 
-of that heavenly world where he expects to spend 
an endless existence. 

If, then, such be some of the features in the 
character of the enlightened Christian; if liberali- 
ty and candor, and accurate investigation, mark 
the judgments he pronounces on the sentiments 
and the actions of men, and on the works and the 
ways of God; and if such views and feelings 
ought to be considered as more congenial to the 
noble and benevolent spirit of our religion, than 
‘the narrow and distorted notions of a contracted 
mind,—it must be an object much to be desired, 
‘that the mass of the Christian world be led into 
such trains of thought, as might imbue their 





* See Appendix, Note XII, 





THE Came PHILOSOPHER. 


minds with a larger proportion of this spirit. 
And, if diversified and occasional discussions on 
the topics to which we have adverted would 
have a tendency to produce this desirable effect, 
it is obvious, that such branches of knowledge 
as are calculated to enlarge the capacity of the 
mind, and to throw a light over the revelations 
and the works of God, should no longer be over- 
looked in the range of our religious contempla- 
tions. 


V.—The extensive range of thought which the diver- 
sified objects in Nature present, WOULD HAVE A 
TENDENCY TO INSPIRE US WITH A SPIRIT OF PIETY 
AND PROFOUND HUMILITY. 


It is owing, in many instances, to want of at- 
tention to the impressive displays of Wisdom and 
Omnipotence in the material world, that our pious 
feelings and devotional exercises are so cold and 
languid. We stalk about on the surface of the 
earth, and pass from one day to another, without 
reflecting on the grand and complicated machi- 
nery around us, which is carrying us along 
through the regions of space, and from one por- 
tion of duration to another, as if the mighty ener- 
gies of the Eternal Mind, exerted in our behalf, 
were unworthy of our acknowledgment or re- 
gard. How few, for example, reflect, when they 
open their eyes in the morning, and perceive the 
first beams of the rising sun, that, since they lay 
down to sleep, the Divine Power has been exerted 
in carrying them more than four thousand miles 
round to the eastward, in order that they might 
again be cheered with the morning light; and 
that, during the same period, they, along with the 
earth and its vast population, have been carried 
forward 476,000 miles from that portion of space 
which they occupied seven hours before?* Or, 
if they have no idea of the motion of the earth, 
and attach no belief to such an opinion, how is it 
they do not reflect, that, after night has thrown its 
shades around them, the sun, and ten thousand 
other vast globes, must move several hundreds of 
millions of miles, before their eyes'can again be- 
hold the light of day! Either the one or the 
other of these é¢ases must be the fact; and, in 
either case, there is presented to our view, a dis- 
play of the Omnipotence and the Superinten- 
dence of Him in whom we live and move, which 
demands our gratitude, our admiration, and praise. 
And can it ever be supposed, that such reflec- 
tions, combined with all the other excitements to 
reverence and gratitude, will not tend to elevate 
our contemplations, and to raise our pious feelings 
to a higher pitch of devotion? Whether the, 
Psalmist entertained any views of this kind, 
when he composed the ninety-second Psalm, we 





* When it is here said that we are carried “‘ more than 
4000 miles round to the eastward” during the hours of sleep 
—the author refers to the diurnal motion of the earth from 
west to east. The rate of this motion is different to the 
inhabitants of different latitudes. At the Equator the in- 
habitants are carried at the rate of 1038 miles an wour, and 
if 7 hours be allowed for nightly repose, they are carried 
round 7266 miles during sleep. ‘Those who live in the 52d 
degree of latitude, as the inhabitants of places near Lon- 
don, move at the rate of 637 miles an hour; and, conse 
quently, in the course of 7 hours, are carried round 4459 
miles. The inhabitants of Greenland, in lat. 69°, during the 
same time, move only 2570 miles; and, were there any in- 
habitants at the 88th degree of latitude, or within two de- 
grees of the polar points their motion, during 7 hours, would 
not exceed 252 miles.—When it is said we are carried for- 
ward during the same time, 476,000 miles, the reference is 
to the annwal motion of the earth, which is at the rate of 
sixty-eight thousand miles every hour, and consequently 
oy miles during the 7 hours supposed to be allotted to 
sleep. 
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cannot certainly determine; but I presume, the 
pious and contemplative mind, when awakening 
from the slumbers of the night, under such im- 
pressions, might sing the first part of that song 
of praise with peculiar emphasis and delight— 
“Tt is a good thing to give thanks to Jehovah, 
and to sing praise to thy name, O thou Most 
High! to show forth thy loving-kindness in the 
morning. For thou, Lord, hast made me glad 
through thy work” (or thy powerful energy ),— 
“J will, triumph in the works of thy hands. O 
Lord! How GREAT ARE THY works! and thy 
thoughts’’ (or contrivances) “are very deep! A 
brutish man knoweth not, neither doth a fool un- 
derstand this.” r 

An extensive acquaintance with nature and 
science, combined with Christian principle, would 
also induce profound humility. The man who has 
made excursions through the most diversified 


regions of thought, is deeply sensible of the little’ 


progress he has attained, and of the vast and un- 
bounded field of divine science which still remains 
to be explored. When he considers the immense 
variety of sublime subjects which the Volume of 
Inspiration exhibits, and of which he has obtained 
but a very faint and imperfect glimpse—the com- 
prehensive extent, and the intricate windings of 
the operations of Providence, and the infinite 
number of beings over which it extends—the am- 
plitude and magnificence of that glorious universe 
over which Jehovah presides, and how small.a 
portion of itlies open to his minute inspection— 
he is humbled in the dust at the view of his own 
insignificance; he sees. himself to be a very babe 
in knowledge; and, as it were, just emerging 
from the gloom of ignorance into the first dawn- 
ings of light and intelligence. He feels the full 
force and spirit of the poet’s sentiment-— 


€ Much learning shows how Jittle mortals know.” 


When he considers the comprehensive extent of 
the Divine law and its numerous bearings on 
every part of his conduct, and on all the diversi- 
fied relations in which he stands to his God, and 
to his fellow-men; and when he reflects on his 
multiplied deviations from that eternal rule of 
rectitude, he is ashamed and confounded in the 
presence of the Holy One of Israel; and on a re- 
view of his former pride and self-conceit, is con- 
strained to adopt the language of Agur and of 
Asaph—* Surely I am more brutish than any 
man, and have not the understanding of a man.” 
‘So foolish was I, and ignorant, I was as a beast 
before thee.” He views the meanest and the 
most ignorant of his species, as bul a very few 
degrees below him in the scale of intelligence, 
and sees no reason why he should glory over his 
fellows. 

This sentiment might be illustrated from the ex- 
ample of some of the most eminent men in whose 
minds science and religion were combined. The 
Honorable Mr. Boyte was the most unwearied 
and successful explorer of the works of God, in 
the age in which he lived, and all his philosophi- 
cal pursuits were consecrated to the service of 
Religion. Among the excellent traits in his cha- 
racter, HUMILITY was the most conspicuous. ‘He 
had ahout him,” says Bishop Burnet, “all that 
unaffected neglect of pomp in clothes, lodging, 
furniture, and equipage, which agreed with his 
gtave and serious course of life,’’ and was cour- 
teous and condescending to the meanest of his 
fellow-men. “He had,” says the same author, 
‘ the profoundest veneration for the great God of 
heaven and earth that ever I observed in any per- 
son. The very name of God was never mention- 
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ed by him without a pause, and a visible stop in 
his discourse; and the tenor of his philosophical 
and theological writings is in complete unison 
with these traits of character—Sir Isaac Nuw- 
TON, too, whose genius seemed to know no limits 
but those of the visible universe, was distinguish- 
ed by his modesty, humility, and meekness of tem- 
per. He had such a ble opinion of himself, 
that he had no relish of the applause which was 
so deservedly paid him. He would have let others 
run away with the glory of his inventions, if his 
friends and countrymen had not been more jeal- 
ous of his honor than he was himself. He saida 
little before his death, “I do not know what I may 
appear to the world, but to myself I seem to have 
been only like a boy playing on the sea-shore, 
and diverting myself in now and then finding a 
pebble or a prettier shell than ordinary, while 
the great ocean of truth lay all undiscovered be- 
fore me.” 

The same sentiment might have been illus- 
trated from the lives of Bacon, Locke, Dr. Boer- 
haave, Hervey, Nieuwentyt, Ray, Derham, the 
Abbe Piuché, Bonnet, and other eminent charac- 
ters, who devoted their stores of knowledge to the 
illustration of the Christian system. For an ez- 
tensive knowledge of the operations of God has 
a natural tendency to produce humility and vene- 
ration; and wherever it is combined with pride 
and arrogance, either among philosophers or di- 
vines, it indicates a lamentable deficiency, if not 
a complete destitution, of Christian principle, and 
of all those tempers which form the bond of union 
among holy intelligences. After the attention of 
Job had been directed to the works of God, and 
when he had contemplated the inexplicable phe- 
nomena of the Divine agency in the material 
world, he was ashamed and confounded at his for- 
mer presumption; and, in deep humility, exclaim- 
ed, “I have heard of thee by the hearing of the 
ear; but now mine eye seeth thee; wherefore I 
abhor myself, and repent in dust and ashes.”—In 
accordance with what has been now stated, we 
find, that the most exalted intelligences, who, of 
course, possess the most extensive views of the 
works and providential arrangements of God, are 
represented as also the most humble in their de- 
portment, and as displaying the most profound 
reverence in their incessant adorations. They 
«fall down before Him who sits upon the throne; 
and cast their crowns before the throne, saying, Thou 
art worthy, O Lord, to receive glory, and honor, 
and power; for thou hast created all things, and 
for thy pleasure they are and were created.’’— 
Their moral conduct evinces the same lowly tem- 
per of mind. They wait around the throne, in 
the attitude of motion, and wings outspread, 
ready to fly, on the first signal of. their Sove- 
reign’s will; they “do his commandments, hear- 
kening to the voice of his word,’ and do not 
disdain to perform important services, in our 
wretched world, to the meanest human being who 
is numbered among “the heirs of salvation.” In 
like manner, were we indued with the grasp of in- 
tellect, the capacious minds, the extensive know- 
ledge, and the moral powers which they possess, 
we would also display the same humble and reve- 
rential spirit, and feel ashamed of those emotions 
of vanity and pride, which dispose so many of the 
human family to look down with contempt on 
their fellow-mortals. 





If the leading train of sentiment which per- 
vades this volume be admitted, the following 
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GENERAL CONCLUSIONS may be deduced:—That, in 
conducting the religious instruction of the young, 
the works of God in the material world, and the 
most striking discoveries which have been made 
as to their magnitude, variety, and mechanism, 
should be frequently exhibited to their view, in 
minute detail; as illustrations of the attributes of 
the Deity, and of those descriptions of his nature 
and operations contained in the Volume of Inspi~ 
ration;—that the books put into their hands should 
contain, among other subjects, popular and strik- 
ing descriptions of the facts and appearances of 
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nature;—that seminaries should be established for 
the occasional instruction of young persons, from 
the age of fifteen to the age of twenty or thirty, 
or upward, in all those popular branches of natu- 
ral and moral science which have a tendency to 
enlarge the capacity of their minds, and to ex- 
pand their conceptions of the incessant agency 
of God;—and that the Ministers of Religion, in 
their public instructions, should frequently blend 
their discussions of divine topics with illustrations 
derived from the scenes of Creation and Provi- 
dence. 
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Nore I, p. 22.—Illustration of the rate of Motion in ithe Heavenly Bodies, on the supposition that the 
earth is at rest. 


Tur distance of the sun is about 95 millions 
of miles; consequently, the diameter of the cir- 
cle he would describe around the earth would be 
190 millions, and its circumference 597,142,857, 
which forms the extent of the circuit through 
which he would move in 24 hours, if the earth 
were atrest. This number, divided by 24, gives 
24,880,952, the number of miles he would move 
in an hour; and this last number divided by 60, 
gives 414,682, the number of miles he would 
move ina minute. The nearest star is reckoned 
to be at least 20,000,000,000,000, or twenty bil- 





lions of miles distant from the earth; consequent- 
ly, its daily circuit round our globe would mea- 
sure more than 125,000,000,000,000 miles. This 
sum, divided by 86,400, the number of seconds in 
a day, would give, 1,454,861,111, or somewhat 
more than one thousand four hundred millions of 
miles, for its rate of motion in a second of time,— 
a motion, which, were it actually existing, would, 
in all probability, shatter the universe to atoms. 

The unlearned reader may, perhaps, acquire a 
more distinct idea of this explanation in the fol- 
lowing figure:— 


Fig. 32. 
F 





Let the small circle A, in the center, represent 
the Earth, and the circle B C D E the orbit of the 
Sun, on the supposition that he moves round the 
earth every 24 hours. The line A B will repre- 
sent the distance of the Sun from the Earth, or 


95 millions of miles; the line BD the diameter of 
the orbit he would describe; and the circle BC 
D E the circumference along which he would 
move every day, or 597 millions of miles, which 
is somewhat more than three times the diameter 
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If the line A F represent the distance of the near- 
est star, the circle F G HI will represent the 
circuit through which it would move every 24 
hours, if the earth were at rest. It is obvious 
from the figure that since the stars are at a greater 
distance from the earth than the sun, the circle 
they would describe around the earth would be 
larger in proportion, and, consequently, their ve- 
locities would be proportionably more rapid; since 
they would niove through their larger circles in 
the same time in which the sun moved. through 
his narrower sphere. But, the supposition that 
the earth is the center of all the celestial motions, 
and that the different stars are daily moving 
around it with different velocities, and the slowest 
of these motions so inconceivably rapid, is so 
wild and extravagant, that it appears altogether in- 
consistent with the harmony of the universe, with 
the wisdom and intelligence of the Deity, and 
with all the other arrangements he has made in 
the system of nature. 


Nore II, pp. 31-94.— Experimental Illustrations 
of the Pressure and Compressibility of the Atmo- 
sphere—The Diving-Bell, etc. 


The pressure of the atmosphere is most strik- 
ingly illustrated by means of the air-pump. But 
as few persons, comparatively, possess this instru- 
ment, the following experiments, which any per- 
son may perform at pleasure, are sufficiently con- 
vincing on this point. Take a common wine- 
glass, fill it with water; apply a piece of paper 
over the mouth of the glass; press the paper to 
the rim of the glass with the palm of the hand; 
turn the glass upside down; withdraw the hand 
from the paper; and the water will be supported 
by the pressure of the atmosphere. That it is 
the atmospherical pressure, and not the paper, 
which supports the water, is,evident; for the pa- 
per, instead of being pressed down by the weight 
of the water, is pressed upward by the pressure of 
the atmosphere, and appears concave, or hollow in 
the middle. If the flame of a candle be applied 
to the paper, it may be held for an indefinite 
length of time, close to the paper, without setting 
fire to it. The same fact is proved by the follow- 
ing experiment:—Take a glass tube, of any length, 
and of a narrow bore; put one end of it in a basin 
of water; apply the mouth to the other end, and 
draw out the air by suction; the water will im- 
mediately rise toward the top of the tube; and if 
the finger or thumb be applied to the top of the 
tube, to prevent the admission of air, and the tube 
removed from the basin of water, the water in the 
tube will be supported by the pressure of the at- 
mosphere on the lower end. Again:—Take a wine- 
glass, and burn a small bit of paper in it; and 
while the paper is burning, press the palm of the 
hand upon the mouth of the glass, and it will ad- 
here to the hand with considerable force. In this 
case the pressure of the atmosphere will be sen- 
sibly felt; for it will sometimes require a conside- 
rable force to detach the glass from the hand. 

The following experiment will also illustrate 
the pressure of the atmosphere. Take a tin ves- 
sel about 6 or 7 inches long and 3 in diameter, 
with its mouth about a quarter of an inch wide, 
as E F in Fig. 1.* Pierce a number of small holes 
in its bottom, about the diameter of a common 
sewing needle. Plunge the vessel in water; and 
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when full, cork it up, so that no air can enter at 
top. While it remains corked ne water will run 
out, being prevented by the atmospheric pressure, 
but the moment it is uncorked, the water will 
issue from the small holes in the bottom by the 
pressure of air from above.—The same experi- 
ment may be made ing a tube, G H, Fig. 
3,* 7 or 8 inches long, and about three-fourths 
of an inch diameter, having a smuil hole on each 
side, I K. When filled with water and corked 
no water will run out, but when the cork is re- 
moved the water will run out at I and K, illus- 
trating the lateral pressure of the atmosphere. 

The pressure of the atmosphere explains a va- 
riety of common phenomena. When we take a 
draught of water out of @ basin or a running 
stream, we immerse our mouths in the water, and 
make a vacuum by drawing in the air; the pressure 
of the atmosphere upon the external surface of 
the water then forces it into the mouth. The 
same cause explains the process of a child suck- 
ing its mother’s breasts—the action of a boy’s 
sucker in lifting large stones—the rise of water 
in pumps—the effects produced by cements—the 
firm adhesion of snails and periwinkles to rocks 
and stones—the scarcity of water in the time of 
hard frosts—and the fact, that a cask will not run 
by the cock, unless a hole be opened in some 
other part of the cask. 

The following experiment illustrates the com- 
pressibility of air, and at the same time the prin- 
ciple on which the Diving-Bell is constructed. 
Let A B, Fig. 1,+ represent a large tumbler, 
nearly filled with water. Place a piece of cork” 
on the surface of the water, and over the cork an 
ale-glass, C D, with its mouth downward: then 
push the glass perpendicularly down toward the 
bottom of the tumbler, and the cork will appear 
swimming a little above the bottom—indicating 
that there is no water above it in the ale-glass, 
but only air, which prevents the entrance of the 
water. If the water in the tumbler be supposed 
to represent the water of a river or of the sea, the 
ale-glass will represent the diving-bell in which a 
person may sit with safety in the depths of the 
sea without being immersed in the water, provided 
fresh air be supplied. A small quantity of water 
will be found to have entered the ale-glass, and 
the deeper it is plunged in any vessel the higher 
will the water rise within it; which proves the 
compressibility of the air within the glass. 

The diving-bell has been much used of late in 
recovering valuable articles from the wrecks of 
ships that had sunk in deep water, and in blowing 
up such wrecks as are sunk near the mouths of 
rivers, and form impediments to navigation—by 
means of powder ignited by the electric spark, 
Major General Pasley has been employed for a 
considerable time past in blowing up the wreck 
of the Royal George man-of-war, which foun- 
dered at Spithead, near Portsmouth, in 1783. 
Many of the valuable articles belonging to this 
largest vessel of the British navy have thus been 
recovered. Five or six divers have been con- 
stantly employed, and no serious accidents have 
occurred. On the 20th June, 1842, 3065 cubic 
feet, or 61 loads of timber had been brought up 
from the wreck, beside 219 pigs of iron ballast, 
weighing 32 tons, 17 cwts. One of the best 
divers sent up 19 pigs or nearly 3 tons in one 
day. Most of the iron and brass cannons have 
thus been got up; and during the first 6 or 7 
months of 1842 more than four thousand pounds 





*The figure referred to is in “Mental Illumination,” p. 
93, fig. 2. 


* «Mental Dlumination,” p, 93, fig. 3. 
+ Ibid, p. 93, fig. 1. 
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of powder have been expended in these opera- 
tions.—Dr. Payerne has lately invented a method 
for producing pure air, in such experiments, fit 
for the respiration of man, and for supporting 


flame without communication with the external | 


air, which he has frequently successfully exhibited 
in London, in the diving-bell of the Polytechnic 
Institution; and on the September, 1842, he 
put his invention to the test by descending at 
Spithead, along with Major Pasley, to the depth 
of 75 feet, when the water stood only 6 inches 
high at the bottom of the bell. The air they 
breathed in the bell was perfectly good; and the 
whole apparatus for purifying it was contained in 
a case not larger than a common portable writing- 
desk, which requires only the turning of a small 
winch occasionally, and no science on the part 
of the person in charge. When the diving-bell 
is once filled with compressed air, either by let- 
ting it escape from vessels previously filled with’ 
it, or by four men pumping for less than half-an- 
hour, no more pumping is necessary, as the air 
in the bell never requires to be changed. In the 
common mode of working the diving-bell, on the 
contrary, a powerful pump, manned by 6 or 8 
men, would be required, as at Spithead, which 
must be kept constantly at work the whole time 
that the men are down in the diving-bell; and 
this incessant pumping is so laborious, that from 
12 to 16 men, working in two reliefs, are neces- 
sary for the purpose of expelling the water— 
Such inventions as that’now stated may be ap- 
plied to many practical and beneficial purposes, 
and perhaps to purposes more diversified and ex- 
tensive than we can, in the meantime, anticipate. 


Nore IIL—On the ideas of Magnitude, Motion, 
and Duration, as expressed by numbers. See 
p- 39, 41, ete. 


In the pages referred to and in other parts of this 
work some very large numbers are expressed in 
figures. Some readers have insinuated, that it 
would have been better to express such numbers 
in words. The author, however, is of a different 
opinion; because, to some readers, not much ac- 
quainted with Numeration, a thousand trillions 
would convey nearly the same idea as.a thousand 
nonillions, though the one number contains 58 
places of figures, and the other only 22. It is 
chiefly the number of figures, or ciphers, in such 
large sums, that leads us to form a comparative 
estimate of their value or extent. Our ideas of 
magnitude and extension, conveyed by such 
numbers, must, of course, be very vague and un- 
defined. If we have been accustomed to travel- 
ing we have a tolerably clear conception of a 
hundred, and even of a thousand miles; but we 
have no clear nor adequate conception of a body, 
or of a portion of space, ten hundred thousand, 
ten hundred millions, or ten hundred billions of 
miles in extent. The mind, however, may be 
assisted in its conceptions, and in its comparative 
estimate of different numbers, by fixing on some 
particular number as a standard. If, accordin 
to the common reckoning, we suppose, that 582 
years have clapsed since the commencement of 
time, the numbers of seconds, or moments, in 
this period, will amount to 183,913,782,212, or 
one hundred and eighty-three thousand, nine 
hundred and thirteen millions, seven hundred and 
eighty-two thousand, two hundred and twelve, 
which is less than a fifth part of a billion. If the 

distance of the nearest stars from the earth be at 
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least 20 billions of miles, then this distance may 
be otherwise expressed, by saying, that the num- 
ber of miles which intervene between us and 
these bodies is more than a hundred times greater 
than the number of moments which have elapsed 
since the creation; and, by a similar comparison, 
it will be found, that the number of cubical miles, 
within the limits of the planetary system, is 132,- 
000,000,000,000,000, or, one hundred and thirty- 
two thousand billions of times greater than the 
number of moments in 5828 years. ; 

It has been computed, that the earth, supposing 
it a solid globe, contains about 30,000,000,000,- 
(100,000,000,000;000,000,000, or thirty quintillions 
of grains of sand, supposing a hundred grains of 
sand to be equal in length to an inch, and, conse- 
quently, a million of such grains for every cubi- 
cal inch. If we use this number as a.standard 
for estimating the number of cudical miles con- 
tained within the space which intervenes between 
us and the nearest stars, we shall find that the 
number of cubical miles comprehended within this 
space is more than ten thousand millions of times 
greater than the number of the grains of sand 
contained in the globe on which we dwell. 

. Though the human mind can form no definite 

conceptions of such numbers and magnitudes, 
yet it may be useful occasionally to ruminate on 
such subjects; as it is the only, or at least the prin- 
cipal mode by which limited minds like ours ean, 
approximate to an idea of the infinity of the Cre~ 
ator. And if an image of infinity is presented to 
the mind in the spaces comprehended within the 
limits of our system, how overpowering the con- 
ception of innumerable systems, to which ours 
bears no more proportion than a drop of water to 
the mighty ocean! How ineffably glorious must 
be the attributes of that Incomprehensible Being 
who pervades every part of this vast universe, 
and who continually superintends all its minute 
and diversified movements! ° " 


Nore IV, p.58.—On the means by which it may pro- 
bably be ascertained whether the Moon be a habi- 
table world. 


About the year 1818, the Author published in 
the Monthly Magazine, a few observations on the 
surface of the Moon, in which a few remarks 
were offered on this subject. The following is 
an extract from that communication:— 

“If we be ever to obtain an ocular demonstra- 
tion of the habitability of any of the celestial 
orbs, the Moon‘ is the only one where we can ex- 
pect to trace, by our telescopes, indications of the 
agency of sentient or intelligent beings; and I 
am pretty much convinced, that a long-continued 
series of observations on this planet, by a number 
of individuals in different places, might com- 
pletely set at rest the question, ‘Whether the 
Moon be a habitable world.’ Were a vast num- 
ber of persons, in different parts of the world, to 
devote themselves to a particular survey of tho 
Moon—were different portions of her surface al- 
lotted to different individuals, as the object of their 
particular research—were every mountain, hill, 
cavern, cliff, and plain, accurately inspected—and 
eyery change and modification in the appearance 
of particular spots carefully marked and repre- 
sented in a series of delineations, it might lead ta 
some certain conclusions, both as to her physical 
constitution, and her ultimate destination. It can 
be demonstrated, that a telescope which magni- 
fies 100 times, will show a spot on the Moon’s 


APPENDIX. 


surface, whose diameter is 1223 yards; and one 
which magnifies 1000 times, will, of course, ena+ 
ble us to perceive a portion of her surface, whose 
size is only 122 yards; and, consequently, an 
object, whether natural or artificial, of no greater 
extent than one of our large edifices (such as St. 
Paul’s cathedral, London), may, by such an in- 
strument, be easily distinguished. Now, if every 
minute point on the lunar surface were accurately 
marked by numerous observers, it might be ascer- 
tained whether any changes are taking place, 
either from physical causes, or from the opera- 
tions of intelligent agents. If a large forest were 
cutting down—if a city were building in an open 
plain, or extending .its former boundaries—if a 
barren waste were changing into a scene of 
vegetation— or, if an immense concourse of 
animated beings were occasionally assembled cn 
a particular spot, or shifting from one place to 
another—such changes would be indicated by 
certain modifications of shade, color, or motion; 
and, consequently, would furnish a direct proof 
of the agency of intelligent beings analogous to 
man, and of the Moon being a habitable globe. 
For although we may never be able to distinguish 
the inhabitants of the Moon (if any exist), yet if 
we can trace those effects which can flow only 
from the operations of intelligent agents, it would 
form a complete demonstration of their existence, 
on the same ground on which a Navigator con- 
eludes an unknown island to be inhabited, when 
he perceives human habitations and cultivated 
fields. 

“That changes occasionally happen on _ the 
lunar hemisphere, next the earth, appears from 
the observations of Herschel and Schroeter, parti- 
cularly from those of the latter. In the Transac- 
tions of the Society of Natural Philosophy at 
Berlin, Schroeter relates, that, on the 30th De- 
comber, 1791, at five o’clock, p. m., with a seven 
feet reflector, magnifying, 161 times, he perceived 
the commencement of asmall crater on the south- 
west declivity of the volcanic mountain in the 
Mare Crisium, having a shadow of at least 25. 
On the 11th January, at twenty minutes past five, 
on looking at this place again, he could see neither 
the new crater, nor its shadow. Again, on the 4th 
January, 1792, he perceived, in the eastern crater 
of Helicon, a central mountain, of a clear gray 
color, 3” in diameter, of which, during many 
years’ observations, he had perceived no trace. 
‘This appearance,’ he adds, ‘is remarkable, as 
probably from the time of Hevelius, the western 
part of Helicon has been forming into its present 
shape, and Nature seems, in that district, to be 
particularly active.’—In making such minute ob- 
servations as those to which I allude, it would be 
proper, along with an inspection of the Moon’s 
luminous disc, to mark the appearances of dif- 
ferent portions of her dark hemisphere, when it is 
partially enlightened by the reflected light from 
the earth, soon after the appearance of new moon. 
These researches would require a long-continued 
series of the most minute observations, by nume- 
rous observers in different regions of the globe, 
which could be effected only by exciting, among 
the bulk of mankind, a general attention to such 
investigations. But were this object accomplish- 
ed, and were numerous observations made from 
the tops of mountains, and in the serene sky of 
southern climes, where the powers of the telescope 
are not counteracted by dense vapors, there can 
be little doubt that direct proofs would be obtain- 
ed, that the Moon is a habitable world; or, at 
least, that the question in relation to this point 
would be completely set at rest.”’ 
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Nore V.—Remarks on the pretended discovery of a 
Lunar Fortification. 


The British public, not long ago, was amused 
by the announcement of a discovery said to have 
been made by Professor Frauenhofer of Munich. 
This gentleman was said to have discovered a for- 
tification in the Moon, and to have distinguished 
several lines of roads, supposed to be the work of 
the lunar inhabitants. It is scarcely necessary to 
say, that such announcenents are obviously pre- 
mature. To perceive distinctly the shape of an 
object in the Moon, which resembles a fortifica- 
tion, it is requisite, that that object be of a much 
larger size than our terrestrial ramparts. Beside, 
although an object resembling one of our fortifica- ” 
tions were perceived on the surface of the Moon, 
there would be no reason to conclude, that it 
served the same purpose as fortifications do amang 
us. We are so much accustomed to war in our 
terrestrial system, and reflect so little on its diaho- 
lical nature, that we are apt to imagine that it 
must form a necessary employment even in other 
worlds. To be assured that a fortification existed 
in the Moon for the same purposes as with us, 
would indeed be dismal tidings from another 
world; for it would be a necessary conclusion, 
from such intelligence, that the inhabitants of 
that globe are actuated by the same principles of 
depravity, ambition, and revenge, which have in- 
fected the moral atmosphere of our sublunary 
world. With regard to the pretended discovery 
of the lunar roads, it may not be improper to re- 
mark, that such roads behooved to be at least 400 
feet broad, or ten times the breadth of ours, in 
order to be perceived as faint lines through a tele- 
scope which magnifies a thousand times; which 
is a higher power, 1 presume, than Frauenhofer 
can apply with distinctness to any of his telescopes. 
It is not at all likely that the lunar inhabitants are 
of such a gigantic size, or employ carriages of 
such an enormous bulk, as to require roads of 
such dimensions, since the whole surface of the 
Moon is only the thirteenth part of the area of 
our globe. 

Schroeter conjectures. the existeuce of a great 
city to the north of Marius (a spot in the Moon), 
and of an extensive canal toward Hygena (an- 
other spot), and he represents part of the spot 
named Mare Imbrium, to be as-fertile as the Cam- 
pania. See Edin. Phil. Jour., No. 21, for July, 
1824. Similar remarks to those now stated will 
apply to these conjectures of Schroeter. We are 
too apt to imagine, that the objects we perceive in 
the, Moon must bear a certain resemblance to 
those with which we are acquainted on the Earth; 
whereas there is every reason to believe, from the 
variety we perceive in nature, that not one world 
resembles another, except in some of its more 
prominent and general arrangements. ‘The moon 
bears a general resemblance to the Harth, in its 
being diversified with mountains and valleys; but 
the positions and arrangement of these objects in 
the Moon, and the scenery they exhibit, are »ma- 
terially different from what appears on the surface 
of the terraqueous globe. 


Nore VI, p. 89.—On a Plurality of Worlds. 


The doctrine of a plurality of worlds is now 
adinitted as highly probable, both by philosophers 
and by enlightened divines. But it has been ad- 
mitted by many persons on grounds that are too 
general and vague, and, consequently, a full con- 
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viction of its truth is seldom produced in'the mind. 
In different parts of the preceding volume, I have 
all along taken it for granted, because I consider 
it as susceptible of a moral demonstration.—The 
following heads of argument, were they fully 
illustrated, would go far to carry demonstration 
to the mind on this subject; namely, That there 
are numerous bodies in the universe of a bulk 
sufficient to contain myriads of intelligent beings, 
and to afford them enjoyment—that there appears, 
in the constitution of many of these bodies, a 
variety of arrangements evidently adapted to this 
end—that, in relation to the planets of our system, 
there are many circumstances which bear a strik- 
, ing resemblance to the constitution of our globe 
and its appendages. They have annual and diur- 


nal motions, moons, atmospheres, mountains, and 


vales—that light, and heat, and color, appear to be 
distributed throughout the regions of immensity; 
and that these agents can have a rélation only to 
the necessities and the happiness of organized 
intelligences—that every part of nature, so far as 
our observations on the surface of this globe ex- 
tend, appears to exist solely for the sake of sen- 
tient beings—that this doctrine is more worthy of 
the Infinite Creator, and gives us a more glorious 
and magnificent idea of his nature, than to sup- 
pose his benevolent: regards confined to the globe 
on which we dwell. When these and a variety 
of other arguments are considered, in connection 
with the Wisdom and other attributes of the Deity, 
they amount not only to a high degree of proba- 
bility, but to something approaching to a moral 
demonstration. But to illustrate these arguments 
in-minute detail, so as to make a convincing im- 
pression on the mind, would require a volume of 
a considerable size. The Author flatters himself 
he has some original thoughts on this subject, 
which may probably see the light, should the pre- 
sent work meet with public acceptance. There 
is no work in our language, which takes an ex- 
tensive view of this subject, in connection with 
the attributes of Deity and the intimations con- 
tained in Divine Revelation. Fontenelle’s “ Plu- 
rality of Worlds,” contains a number of ingenious 
reasonings; but he treats the subject in too light 
and flippant a manner, and without the least re- 
ference to a Supreme Intelligence. The cele- 
brated Huygens, in his “Cosmotheoros,’? instead 
of attempting to prove the doctrine of a plurality 
of worlds, takes it for granted, and indulges 
chiefly in conjectures respecting the organical 
structure and faculties of their inhabitants.* 
That the Scriptures are silent on this head, has 
been assumed by some as a presumptive argu- 
‘ment that this doctrine was without solid founda- 
tion. I have already endeavored to show that 
this assumption is unfounded?+ A plurality of 
worlds is more than once asserted in Scripture, 
and in numerous passages is evidently, taken for 
granted. Celestial intelligences are represented as 
ascribing “ glory, honor, wisdom, and power” to 
the King of heaven, ‘because he hath created all 
things, and because they perceive his works to be 
‘great and marvelous.’””? But if all the great 
giches in the firmament were only so many fright- 
ul deserts, destitute of inhabitants, such a uni- 
verse could never inspire superior intelligences 
with admiration of the wisdom of the Creator. 
For wisdom consists in proportioning means to 





* Since the first editions of this work were published, the 
author has fully illustrated the topics above stated, along 
with other kindred subjects, in his volumes entitled “Celes- 
tial Scenery,” and ‘The Sidereal lleavens,” which are em- 
bellished with numerous engravings, ‘ 
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ends; but, in the case supposed, thero would bs 
no proportion between the means and the end 

The means are indeed great and astonishing; bu 

no end appears to justify such a display of cre- 
ating energy—The Psalmist, when he contem- 
plated the heavens, was so affected with the idea 
of the immense population of the universe, that he 
seems to have been almost afraid lest he should be 
overlooked amidst the immensity of beings that 
are under the superintendence of God: ‘When I 
consider thy heavens—what is man that thou art 
mindful of him!’? There would be no propriety 
nor emphasis in this exclamation, if. the heavenly 
orbs were devoid of inhabitants; for, if no intelli- 
gent beings exist beside man, and a colony of an- 
gels, it would not: appear wonderful that the 
Creator should exercise a particular care over the 
one-half of his intelligent offspring. But if we 
conceive the universe as composed of ten thou- 
sand times ten thousand worlds peopled with 
myriads of intellectual beings of various orders, 
the sentiments of admiration implied in the pas- 
sage is extremely natural and emphatic, and con- 
veys to us an impressive idea of the Intelligence, 
the Beneficence, and the Condescension of the 
Founder and Governor of all worlds. . 


Note VII, p. 96.—The Daguerreotype. 


The only deficiency in the pictures produced 
by means of the process discovered by Daguerre 
is, that they do not represent objects, in their na- 
tural colors, as exhibited by a convex lens in a 
dark chamber. It is not unlikely, however, that 
even this perfection may soon be attained. It 
has been just now (Sept. 1842) stated in the pub- 
lic journals, that Mr. Isenrig, a painter at Munich, 
has announced, that he has discovered a process 
by which, through the daguerreotype, he can de- 
pict all the objects in nature with the brilliancy 
of the colors, so as to bear comparison with the 
finished productions of the first artists—If this 
announcement be correct, we may soon expect to 
have all the most interesting views of the scenery 
of nature and the operations of art depicted with 
an accuracy and a beauty, which have hitherte 
been unattainable by the most celebrated artists. 


' 


Nore VIII, p. 99.—Electro-Magnetic Machines. 


The possibility of moving small pieces of 
mechanism by the action of the electro-magnetic 
power has been known for some time past, but it 
seems never to have been practically applied on a 
large scale until in 1837 it was adapted to the pro- 
pulsion of a boat ‘on the river Neva, by Professor 
Jacobi of Petersburg. On the 25th September, 
1838, a galley, 28 feet in length and 714 in 
breadth, was provided with paddles similar to 
those of a steam vessel. The action was pro- 
duced from 320 pair of plates, arranged along the 
sides of the galley, room being left for twelve per- 
sons. ‘The vessel was made to proceed against the 
stream, and the speed attained in still water was 
three English miles per hour. The plan consist- 
ed in rapidly reversing the poles during the action. 
—Since the*above period a machine has been con- 
trived by Mr. R. Davidson of Aberdeen, in which 
a reiterated series of attractions are employed to 
produce the effect. The following is a brief ac- 
count of Mr. Davidson’s experiments, abridged 
from a letter of Professor Forbes of King’s Col- 
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lege, Aberdeen. Mr. R. Davidson has made an 
arrangement by which, with only two electro- 
magnets, and less than one square foot of zinc 
surface (the negative metal being copper) a 
lathe is driven with such velocity, as to be capa- 
ble of turning small articles. He has another ar- 
rangement by which, with the same small extent 
of galvanic power, a small carriage is driven, on 
which two persons are carried along a very coarse 
wooden floor of aroom. He has likewise a third 
arrangement not yet completed, by which, from 
the imperfect experiments he has made, he expects 
to gain very considerably more force from the 
same extent of galvanic power than from either 
of the other two. The first two machines are 
exceedingly simple, without the least complexity, 
and therefore easily manageable, and not liable to 
derangement, and they take up very little room. 
As yet, the extent of power of which they are 
capable has not been at all ascertained, as the size 
of the battery employed is so trifling, and the 
magnets so few; but it seems probable that a very 
great power, in no degree inferior even to-that of 
steam, but much more manageable, much less ex- 
pensive, and occupying greatly less space—if the 
coals be taken into aecount—may be obtained. 
The Professor considers Mr. Davidson’s inven- 
tions to be so interesting to railroad proprietors in 
particular, that it would be much for their in- 
terest to take up the subject and be at the expense 
of making the experiments necessary to bring this 
power into operation on a great scale-—The dif- 
ference between Professor Jacobi’s plan and Mn 
Davidson’s is this;—that Jacobi produces motion 
by changing the poles of the magnets, and Mr. 
Davidson, by cutting off the galvanic current at 
given points—the power of alternating as the 
rotation proceeds, from a neutralized magnet to ¢ 
newly changed one. In both experiments it has 
been clearly demonstrated that the power of the 
magnet is increased, by increasing the diameter, 
and adding to the length of the helix. The 
power is also increased by increasing the size 
of the bars. 


Nore JX, p. 114.—On the first Inventor of Print- 
; ing. 


Mr. Ireland, in his “ Picturesque Tour through 
Holland, Brabant, and part of France, in 1789,” 
ives the following account of the Inventor of 
rinting, when describing the city of Haerlem. 

“Haerlem claims the invention of the art of 
Printing. It is attributed to Lawrence Koster, an 
alderman of this city, in 1440; whose house is 
yet standing in the market-place, opposite. the 
church. Amusing himself one day in the neigh- 
boring wood, with cutting the bark of trees into 
letters that formed the initials of his name, he is 
said to haye laid them on paper, and, falling asleep, 
when he awoke, observed, that, from the dew their 
form was impressed on the paper. This accident 
induced him to make further experiments; he next 
cut his letters in wood, and, dipping them in a 
glutinous liquid, impressed them on paper, which 
he found an improvement; and, soon after, sub- 
stituting leaden and pewter letters, erected a press 
in his house; thus laying the foundation of this 
noble art, which has thence gradually arisen to its 
present excellence.—The art, it is said, was stolen 
from him by his servant, John Faustus, who con- 
veyed it to Mentz, and, from the novelty of the 
discovery, soon acquired the title of Doctor and 
Conjurer. The original specimens are now shown 
at the Library in the Town Hall. The first is on 
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aleaf of parchment, and the second and third on 
paper, printed only on one side, and the corners 
left blank for capitals. At the top are wooden 
cuts, representing the Creation, and, as it is call- 
ed, Lucifer’s Fall.”—pp. 109-111. 


Nore X, p. 117.—On Telescopes; with a brief no- 
tice of a New Ruriucrine TrLuscorn, construct- 
ed by the Author. 


It is doubtful to what particular individual we 
owe the invention of the telescope. Some have 
supposed that Roger Bacon and Baptista Porta in- 
vented this instrument. Borelli ascribes the in- 
vention to Zacharias Jansen, a native of Middle- 
berg. Perhaps the account given in the article to 
which this note refers, and which is stated by a 
variety of authors, may be as probable as any 
other. It is certain the telescope was not in 
general use until the beginning of the 17th cen- 
tury, and that no discoveries in the heavens were 
made, with it until the year 1609. 

There are two kinds of telescopes, Refracting 
and Reflecting. In refracting telescopes, the rays 
of light pass through convex or concave glasses 
or lenses. The object-glass is always convex, and 
forms an image or picture of the object. in an in- 
verted position in its focus, which image is viewed 
by the eye-glass; and the magnifying power is in 
the proportion of the focal distance of the object- 
glass to that of the eye-glass. The focal distance 
of a convex glass may be ascertained by holding 
it in the rays of the sun, opposite to a pieco of 
white paper, and measuring the distance between . 
the glass and the white spot, or burning point, 
formed on the paper. An astronomical telescope 
for viewing celestial objects may be constructed 
with only two glasses. If an object-glass, 30 
inches focal distance, be fixed in the end of a tube, 
and an eye-glass of one inch focus be placed at 
the other end, at the distance of 31 inches from 
the object-glass, a telescope will be formed which 
will magnify in the proportion of one to thirty, or 
30 times; that is, objects seen through such a tele- 
scope will appear thirty times larger in diameter, 
or thirty times nearer than to the naked eye. By 
such an instrument, the inequalities on the Moon’s 
surface, and some of the satellites of Jupiter, may 
be perceived; but when directed to land objects, 
they will appear inverted or turned upside down. 
In order to reverse the appearance of the object, 
two other eye-glasses are required;—or, if a con- 
cave eye-glass of a similar focus be placed at 29 
inches from the object-glass, the object will appear 
in its natural position, and the magnifying power 
will be the same; but the field of view will be 
much smaller. Astronomical telescopes of this 
construction were formerly made of 120, and even 
of 200 feet in length, and were used without a 
tube; the object-glass being placed on the top of 
a long pole; but these are now entirely superseded 
by achromatic telescopes. In the achromatic tele- 
scope, the object-glass is compounded of two, and 
sometimes of three lenses, placed close to each 
other, one of which is a double concave of white 
flint glass, and the other a double convex of crown 
glass, By this means an image is formed without 
being blended with the prismatie colors; and it 
will, therefore, bear a large aperture, and a much 
greater magnifying power, than a common refrac- 
tor. A good achromatic telescope four feet long 
will magnify objects as much as a common re- 
fractor 100 feet long. 

In Reflecting telescopes the images of objects 
are formed by speculums or mirrors, instead of — 
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lenses. They are of two kinds, the Gregorian and 
the Newionian. The Gregorian Reflector consists 
of a tube in which a concave mirror, having a 
hole in its center, is placed. The rays of light, 
from distant objects falling upon this mirror, form 
an image before it, in its center or focus. This 
image is, intercepted by a smaller mirror, which 
reflects it back, through the holé in the large mir- 
ror to an eye-glass, through which the observer 
views the object. In the Newtonian Reflector, a 
plane mirror, placed at an angle of 45 degrees, is 
substituted in place of the small mirror, in the 
Gregorian construction, and the observer looks 
upon the object through the side of the tube. Sir 
David Brewster has suggested an interesting im- 
provement in the construction of this instrument, 
which is described in the Edin. Encyc., Art. Optics, 
. 644. 

2 New Rerrecror.—Several years ago, the Author 
commenced a series of experiments on Reflecting 
Telescopes; and has lately constructed several on 
a new plan and principle. In this construction 
there is no small speculum, either plane, convex, 
or concave; there is no tube, except a short one 
of two or three inches in length, for holding the 
speculum. ‘The observer sits with his back to the 
object, and views the image formed by the specu- 
lum through an eye-piece, which requires to be 
nicely directed and adjusted. Three or four in- 

struments of this construction have been fitted up, 
with specula of 16, 28, 35, and 49 inches focal 

distance. One of them, having a speculum of 

eight inches focus, and two inches diameter, with 
a terrestrial eye-piece, magnifying about 25 times, 
forms an excellent parlor telescope for viewing 
land-objects, and exhibits them in a brilliant and 

novel aspect. When compared with a Gregorian 
of the same size and magnifying power, the quan- 

tity of light upon the object appears nearly dou- 

bled, and the image is equally distinct. It represents 
objects in their natural colors, without that dingy 
and yellowish tinge which appears when looking 
through a Gregorian. Another of these instru- 

ments, having a speculum of 28 inches focal dis- 

tance, and an eye-piece producing a magnifying 
power of about 100 times, serves as an excellent 
astronomical telescope. By this instrument the 
belts and satellites of Jupiter, the ring of Saturn, 

and the mountains and cavities of the Moon, may 
be contemplated with great ease and distinctness. 

By placing the pedestal on the floor of the apart- 

ment, when the object is at a high elevation, we 
can view celestial phenomena with the same ease 
as if we were sitting at a writing-desk reading a 
book. With a magnifying power of about 40 
times applied to this telescope, terrestrial objects 
appear extremely bright and well defined. A spe- 
culum of 49 inches focal distance, and 614 inches 
diameter, has lately been fitted up on the same 
principle. With magnifying powers of from 100 
to 130 times, it exhibits distinct and interesting 
views of the Moon’s surface and of the ring of 

Saturn, and with a power of 56 times it affords a 
beautiful view of land objects. The specula used 
in some of these instruments are far from being 
good; being of a yellowish color, and scarcely 
half polished, and having large holes in the center; 
as they were originally intended for Gregorian re- 
flectors; yet the brightness of vision approaches 
nearly to that of Achromatic Telescopes. The 
experiments which have been made on this sub- 
ject demonstrate, that a tube is not necessary fora 
reflecting Telescope, when viewing either celestial 
or terrestrial objects; and, therefore, this construc- 
tion of the instrument may be denominated, Tur 
AgriaL Reriecror. The simplicity of the con- 
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struction, and the excellence of the performance 
of these instruments, have been much admired by 
several scientific gentlemen to whom they have 
been exhibited.* 

In the system of Orrtcs, lately published in the 
Edinburgh Encyclopedia (one of the most lumi- 
nous and comprehensive treatises which has yet 
appeared on this subject), the writer in his intro- 
duction to the account of Sir D. Brewster’s im- 
provement on the Newtonian Telescope, remarks: 
—‘If we could dispense with the use of the 
small specula in telescopes of modern length, by 
inclining the great speculum, and using an oblique, 
and consequently a distorted reflection, as proposed 
first by La Maire, we should consider the Newto- 
nian Telescope as perfect, and, on a large scale, 
or when the instrument exceeds 20 feet, it has un- 
doubtedly this character, as nothing can be more 
simple than to magnify, by a single overages the 
image formed by a single speculum.—As the front 
view is quite impracticable, and, indeed, has never 
been attempted in instruments of a small size, it 
becomes of great practical consequence to remove 
as much as possible the evils which arise from 
the use of a small speculum,” ete. The instru- 
ments noticed above have effectuated the desirable 
object alluded to by this respectable writer; and 
the principle of the construction is neither that of 
Sir W. Herschel’s front view, nor does it coincide 
with that proposed by La Maire, which seems to 
have beena mere hint, which was never put into 
execution. 


Nore XI, p. 119.—On Steam Navigation, ete. 


The application of steam, as a mechanical power, 
for impelling vessels and carriages, is one of the 
most brilliant. and useful achievements of art 
which distinguish the present age, and is rapidly 
producing an important and interesting change 
both on inland and foreign intercourse. The fact 
that a vessel can be impelled by steam, against 
wind and tide, at the rate of twelve miles an 
hour, and a carriage on a railway with a velocity 
of thirty and upward, is sufficient to account for 
such a change. From the “ Report of a Commit- 
tee of Parliament,” published in 1822, it appears, 
that the first application of steam to the impelling 
of vessels was made by an Englishman of the 
name of Huxt, who, in 1736, obtained a patent 
for the invention of a steamboat, to be moved 
with a crank and paddles. But it was only in 
1807 that the invention was fairly brought into 
practical use by Mr. Funron, who had the advice 
and assistance of Mr. Brix, a Scottish engineer. 
In Britain, the first successful application of 
steam to vessels was made by Mr. Bell,+ who built 
the Comet, of 25 tons and 4 horse power, to ply 
on the Clyde. Glasgow, which had the honor of 
introducing steam navigation on this side of the 
Atlantic, is still the seat of its greatest activity. 
In 1840, there were no less than 76 steamers of 





* The reader will find a more particular account of these 
instruments, accompanied with engravings, in the Edinburgh 
Philosophical Journal for July, 1896; the “London Eneyclo- 
pedia,’’ Art. Telescope, and in the “London Mechanics’ Maga- 
zine” for August, 1826. The Auther has given a more par- 
ticular description of these and various other astronomical 
instruments, in a work recently published, 

+ It is much to be regretted, and is certainly not congenia] 
to the generous spirit of the age, that this gentleman, who 
was among the first inventors of steam navigation, and who 
did so much to promote its success in the neighborhood of 
Glasgow, never received any public reward for his services 
but was allowed to finish his days in a condition approach: 
ing to poverty. 
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various sizes, comprising nearly 8000 tons, plying 
on the Clyde. Some of these, beside performing 
regular voyages to Inverary, Cambelton, Belfast, 
Dublin, Londonderry, Cork, Bristol, Liverpool, 
and other places, are also performing tours, during 
the summer months, to the Giant’s Causeway, 
Staffa, Skye, and other parts of the Western 
Isles, and to Inverness by the Caledonian canal. 
Steam-vessels are also plying between Inverness 
and London, Perth and Dundee, Dumfries and Li- 
verpool, Aberdeen and Leith, Dundee and London, 
Aberdeen and London, Leith and Dundee, Leith 
and London, Dover and Calais—from Liverpool to 
Lisbon, Cadiz, Gibraltar, Malaga, etc. In 1840, 
there were, throughout Great Britain and its colo- 
nies, no less than 630 steam-vessels, possessing an 
aggregate burden of 71,000 tons. The rivers on 
which these vessels chiefly ply are the Thames, 
the Severn, the Mersey, the T'yne, the Tay, the 
Forth, and the Clyde. From the Thames steamers 
proceed to Rotterdam, Boulogne, Havre, and many 
other ports on the continent. From Liverpool 
steam-vessels now regularly sail to the West In- 
dies and America. 'lhese vessels are of an enor- 
mous size. The Great Western, the first steamer 
that sailed to. America, is 1340 tons burden. The 
Victoria is a vessel of 500 horse power, and 27 
feet longer than our largest man-of-war. The 
British Queen measures in entire length 275 feet. 
Her two engines are of 250 horse power each, and 
she is calculated to carry 1862 tons. Her outward 
voyage of 18 days requires a consumption o1 540 
tons of coal, and her homeward voyage of 12 days 
360 tons. But larger vessels than even these are 
now in preparation, A regular communication 
is also now established by steam between Britain 
and India, by the Mediterranean, Egypt, and the 
Red sea. 

Steam navigation on the continent is likewise 
making rapid progress. Steam-vessels are now to 
be found on the Garonne, Seine, Danube, Rhine, 
Rhone, lakes of Geneva and Constance, etc. It 
is likely that, in the course of a few years, such 
conveyances will be established on most of the 
friths and rivers both in Europe and America; and 
the period is no doubt hastening on when voyages 
will be made in such vehicles to the most distant 
regions of the world. A steam-vessel has for 
many years been sailing regularly, summer and 
winter, between New York and New Orleans, a 
distance of 2000 miles, in an open sea, exposed to 
great storms. On the coasts and rivers of North 
America, steam navigation is carried on to a much 
greater extent than in Great Britain or any other 
country. There are about 500 steam-vessels, 
most of them of very large size, plying on the 
Ohio, Mississippi, and other western waters, In 
this country, steam-vessels are fitted up with 
every accommodation and elegance which art can 
devise; so as to produce, if possible, as great a 
variety of enjoyment to passengers on sea_as on 
land. Mr. Church, the American consul in France, 
in 1822, invented a paddle that revolves on the 
paddle-wheel by a very simple mechanism, which 
is found to save power. In the United States, a 
new mode of constructing cabins has been intro- 
duced, so as to place them beyond the reach of in- 
jury from explosions of the boiler. ‘The Amer- 
ican steam-vessels are larger than ours, and are 
much more used for the conveyance of merchan- 
dise. The average proportion is about 1 horse 
power for every 4 tons of burden, computed in the 
usual way. The velocity is found to be nearly as 
the square of the power, so that an 80 horse power 
engine will produce only twice the velocity of one 
of 20 horse power. Something depends also on 
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the make and size of the vessel. Several years 
ago, the Sovereign, of 210 tons and 80 horse pow- 
er, went 937 miles an hour in still water; and the 
James Watt, of 448 tons, and 100 horse power, 
10 miles. For the paddle-boards, the rule is, ‘that 
3-10ths of a square foot of surface be immersed 
in the water for each horse power. Mr. Glad- 
stone affirms, that so much power is wasted in 
displacing the water by the stroke of the board, 
that the velocity of the ship is only about one-half 
of that of the outer surface of the paddle-wheel. 

here are two sources of apprehension in steam- 
vessels—fire and the bursting of the boiler. With 
regard to the latter, when the boiler is of low 
pressure, it is satisfactorily established that not 
the smallest danger exists. And in the best con- 
structed vessels, the danger from fire is complete- 
ly obviated, by separating the furnace from the 


-sides of the vessel by five inches.of water.” 


An interesting Report was published some years 
ago of a series of experiments, made with a new 
steam engine, invented by an American machinist, 
called the capillary steam engine. Three great ob- 
jects are said to be accomplished by this inven- 
tion—lightness, safety and economy of fuel. In an 
engine calculated for a 4 horse power, the gene- 
rator is' formed of a copper tube, 1g of an inch in 
diameter, and 100 feet long, which weighs about 
16lbs. It is arranged in coils, one above another, 
in the form of a sugar loaf, 30 inches high; the 
bottom coil being 18 inches in diameter, and the 
top one considerably less. The wood is prepared 
as is usual for astove, and put within the coils.— 
The steam cylinder is formed. of sheet copper, 3 
inches in diameter, 27 inches in stroke, and, with 
all its appendages, weighs about 25 lbs. It has 
been ascertained that the generator and main cy- 
linder, with their contents and appendages, exclu- 
sive of fuel, need not weigh more than 20 lbs. to 
the horse power. No harm can be done by the 
bursting of boilers—even a safety-valve is con- 
sidered as useless. In the course of the experi- 
ments, the experimenters several times burst the 
tube; but so far from doing any injury, it could 
not always be perceived by the spectators. 

To ascertain what may be done toward aerial 
navigation by steam, experiments were made on 
the power of wings in the air, and on the power 
necessary to work them. The result is, that it 
requires a horse power to every 30 lbs. in the air; 
so that a flying engine, to be worked by charcoal, 
would weigh about 30 Ibs. to the horse power, 
wings, condenser, and fuel included. It was also 
ascertained by experiments and calculations, that 
a balloon could be made to carry a man with an 
engine, which would push it at the rate of 15 
miles an hour in the air. A more particular de- 
tail of these experiments may be seen in the Lon- 
don Mech. Mag., No. 60, for 16th Oct. 1824. 

“ What steam is doing to facilitate intercourse 
by water, it is also doing on land. By means of 
the iron-railway, the speed of traveling in steam- 
carriages is treble that which is attainable by 
horses. ‘The railway course is level; to accom- 
plish which the same obstacles have to be over- 
come in its construction that are met with in 
making a canal—the high ground to be cut 
through and bridges to be thrown over the low. 
Since the railway for steam-carriages between 
Liverpool and Manchester was opened, a few years 
ago, the country has been getting intersected by 
others in every direction. Between these two 
towns, the number of passengers by this mode of 
conveyance averaged in 1831 about 1300 daily.— 
To transport all these by four-horse coaches, 
each allowed to carry 20 individuals, and to travel 
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60 miles per day, and each horse to run 20 miles, 
would require upward of 32 of such coaches and 
390 horses. Traveling by steam is also making 
rapid progress on the continent and in America. 
Between Paris and St. Germain a substantial rail- 
way has been lately opened, with 105 vehicles, 
for passengers only, capable of containing 4070 

ersons, and of transporting the whole population 
of Paris to St. Germain in one day. This railway 
traverses no fewer than eighteen bridges, three of 
which are across the Seine. The rails are fifteen 
times heavier than those between Liverpool and 
Manchester. Steam-carriages have repeatedly 
been constructed, to run on common roads; but 
the friction there is so great, except where the 
ground is very smooth, hard, and level, that, with 
other impediments, they have not been found to 
run to advantage.”’ 

Among the numerous purposes to which steam 
is now applied is that of breaking stones for the 
construction of roads. The stones are put into a 
kind of hopper above, and pushed down with a 
rake, and the machine is worked by a rotatory 
motion of one horse power; and will break a ton 
of hard pebbles, completely, in from six. to eight 
minutes. A steam machine has also been invent- 
ed for the dressing of woolen cloth, which does 
as much work in 50 minutes as two men could 
do in two days.—Mon. Mag. Aug. 1823, p. 71. 
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Nore XII, p. 146.—Strictures on a certain senti- 
ment respecting the Work of Human Redemption. 


The sentiment referred to in this paragraph, 
‘That there never was nor ever will be, through 
all the ages of eternity, so wonderful a display of 
the Divine glory as in the cross of Christ,” has 
been frequently reiterated, in sermons and in sys- 
tems of divinity, and is still repeated by certain 
preachers as if it were an incontrovertible axiom, 
which ought never to be called in question; and 
is no doubt intended to magnify the Divine attri- 
butes and the work of redemption. But it is 
nothing more than a presumptuous assumption, 
which has a tendency to limit the perfections of 
Deity, and to present a partial and distorted view 
of the economy of human redemption. For, in 
the first place, t has no foundation in Scriziure.— 
There is not a single passage from which it can 
be legitimately deduced. The onus rrobandi, on 
this point, rests with those who make the assertion. 
A gentleman, when lately conversing on this sub- 
ject, brought forward the following interrogation, 
as a demonstrative argument in proof of the posi- 
tion in question: “Is not redemption declared in 
Scripture to be the chief of all the works of God?” 
but he was not a little surprised when he was in- 
formed that the passage, which he had partly mis- 
quoted, is applied to the behemoth, or the ele- 
phant, as stated in Job, xl, 19--2dly, The asser- 
tion is as presumptuous as it is unfounded. It 
takes for granted that we know all. the events 
which have already happened, and which are now 
taking place throughout the whole range of God’s 
universal empire. This empire seems unbounded; 
and that portion of it which we can minutely ex- 
plore is but as a point in comparison of the whole. 
But before we can, on good grounds, hazard such 
an assertion as that under consideration, we 
must have explored all the dispensations of God, 
through every portion of his vast dominions; and 
be able to form a comparison between the diffe- 
rent displays of divine glory made to all the different 
classes’ of intellectual beings under the govern- 
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ment of the Creator. And who among the sons 
of Adam can lay claim to such high qualifications 
for pronouncing so sweeping a decision on this 
point? — 3dly, Jt sets limits to the Divine perfec- 
‘ions and operations. For although it could be 
proved (which it cannot be), that no such displays 
have hitherto been made to any other beings, yet 
who can take upon him to assert that displays of 
Divine perfections, far more glorious and aston- 
ishing, will not be exhibited during countless ages 
of eternity which are yet to come? To set limits 
to the operations of Almighty power and bound- 
less benevolence, during the lapse of infinite du- 
ration, is not the province of any created intelli- 
gence, and far less of man, who stands so low in 
the scale of universal being.—4thly, It tends to 
damp the hopes and prospects of immortal beings, 
when looking forward to an interminable exist- 
ence. For this sentiment leads them to conclude 
that they are already acquainted with the greatest 
display of Divine glory which can be made; and 
that, whatever scenes of wonder may be exhib- 
ited in the future world, they must of course be 
all inferior to this in point of extent and grandeur. 

The redemption of the human race, as display- 
ed in the Christian revelation, is a theme sufii- 
ciently grand, astonishing, and interesting to 
command the attention of .all who are convinced 
that they belong to an apostate race of intelli- 
gences, and to excite the admiration and gratitude 
of all who have experienced its benefits; and it 
stands in no need of such unfounded and extrava- 
gant assertions to display its riches and glory. 
“Will a man speak deceitfully for God! Shall 
not his excellency make you afraid, and his dread 
fall upon you?” We pronounce nothing deci- 
sively on this subject. We feel ourselves chained 
down to an obscure corner of God’s dominions— 
to be in the very infancy of our knowledge, and 
withal to be connected with a race of” beings 
whose “understandings are darkened by reason 
of sin;” and are, therefore, unable to pronounce 
an infallible decision on what God will or will not 
do. Were we to hazard a conjecture on this sub- 
ject, we would say that the converse of the pro- 
position under consideration is more probable than 
the proposition itself. We can conceive worlds 
ten thousand times more populous than ours, and 
peopled with a higher order of intellectual beings, 
toward whom a similar display of benevolence 
and mercy, were it necessary, may be made; and, 
therefore, in point of the extent of its objects, we 
can conceive the love of God more illustriously 
manifested than even to the inhabitants of our 
globe. But whether such an event shall ever 
take place, it would be presumption in us to de- 
termine. For the thoughts and the ways of God 
as far transcend ours “as the heavens are high 
above the earth,’’ It demands our highest tribute 
of grateful adoration, that the Almighty conde- 
scended to “regard us in our low estate,’’ and to 
deliver us from the moral degradation into which 
we had fallen; but surely it would be unreasona- 
ble to conclude, from this consideration, that of 
all the rational tribes which people the universe, 
MAN is the only favorite of the Most High, “when 
thousand worlds are round.” Though myriads 
of other intelligences were to share in: similar 
favors, it would not lessen the happiness conferred 
on us, nor ought it in the least to pea from our 
admiration of “the love of God which is in 
Christ Jesus our Lord.” 

There are a great many other vague and un- 
tenable notions which are entertained and reitera- 
ted by certain commentators and diyines, as indis- 
putable axioms, which it would be of importance 
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to the cause of religion to discard; such as, that 
angels are pure immaterial substances—that they 
were formed on the first day of the Mosaic crea- 
tion—that the wisdom of God is nowhere so illus- 
triously displayed throughout the universe as in 
the scheme of redemption—that the chief em- 
ployment of the future world will be to pry into 
the mysteries of salvation—that sin is an infinite 
evil—that the whole material. universe was 
brought into existence at the same time with our 
earth—that the Creator ceased to create any new 
order of beings in the universe after arranging 
the fabric of our globe—that the whole system 
of material nature in heaven and earth will be 
destroyed at the period of the dissolution of our 
world—that our thoughts and affections should 
be completely detached from all created things, 
etc. Several vague notions of this description 
are founded on the false assumption, that the 
globe we inhabit and the rational beings that have 
appeared on its surface from age to age, are the 
chief objects of God’s superintendence and care— 
and that the Scriptures are the only medium 
through which we can view the plans and ope- 
rations of the Deity—assumptions which are con- 
trary to reason, which are unwarranted in Reve- 
lation, nay, which are directly contradicted in 
humerous passages of Scripture, some of which 
have already been referred to in the course of this 
volume. It would be of essential service to the 
cause of Christianity, that its doctrines, facts, and 


157 


and providence, irresistible and glorious reasons 
for admiring, adoring, loving, and praising his 
Creator, has not a claim to evangelical piety.’’— 
System of Theology, vol. iii, p. 477. 


Nore XIV.—List of Popular Works on the diffe- 
rent Sctences treated of in this volume, with occa- 
sional Remarks. 


SELECT BOOKS ON NATURAL HISTORY. 


Goldsmith’s History of the Earth and Animated 
Nature—with numerous notes from the works of 
the most distinguished British and foreign natu- 
ralists, embodying the most recent discoveries in 
natural history—illustrated by nearly 2000 figures, 
in 2 vols.; royal 8vo., edited by Mr. Whitelaw, and 
published by Blackie & Son.—This edition of 
Goldsmith is unquestionably the most complete 
that has yet appeared. It contains nearly double 
the quantity of matter in the original work, and 
an account of the latest discoveries down to the 
period of its publication in 1840.—The Gallery 
of Nature and Art, by Dr. Mason Good and 
others, 6 vols., Svo.— Spectacle de la Nature, or 
Nature Displayed, 7 vols., 12mo.—Nature Dis: 
played, by Dr. Simeon Shaw, 3 vols., 8vo., or in 6 
vols, 12mo. This work, though chiefly a com- 
pilation, embodies a great variety of interesting 
and popular descriptions of the most remarkable 


moral requisitions were uniformly exhibited in| facts in'the system of nature, which are illustra- 


their native simplicity’ and grandeur, without 
being obscured and distorted by the vague and 
extravagant representations with which they are 
too frequently blended by injudicious minds. 


Nore XIII.—E£xztracts from Dr. Dwight’s The- 
ology. 


As authority has a considerable degree of weight 
on some minds; I shall conclude with an extract 
on the subject of this volume, from that respecta- 
ble and enlightened divine, Dr. Dwight, late Presi- 
dent of Yale College:—* The works of God were 
by him intended to be, and are, in fact, manifesta- 
tions of himself; proofs of his character, pre- 
sence, andagency. In this light he requires men 
continually to regard them; and to refuse this 
regard is considered by him as grossly wicked, 
aud highly deserving of punishment. Psalm xxvii, 
5; Isaiah, v, 12-14. Lam apprehensive that even 
good men are prone to pay less attention to the 
works of creation and providence than piety de- 
mands and the Scriptures require. We say and 
hear so much concerning the insufficiency of 
these works to unfold the character of God and 
the nature of genuine religion, that we are prone 
to consider them as almost uninstructive in moral 
things, and in a great measure useless to the pro- 
motion of piety. This, however, is a palpable 
and dangerous error. The works alone, without 
the aid of the Scriptures, would, I acknowledge, 
be far less instructive than they now are, and 
utterly insufficient to guide us in the way of 
righteousness. The Scriptures were designed to 
be a comment on these works; to explain their 
nature, and to show us the agency, purposes, 
wisdom, and goodness of God in their forma- 
tion. Thus explained, thus illuminated, they 
become means of knowledge, very extensive 
and eminently useful. He who does not find 
in the various, beautiful, sublime, awful, ; 
astonishing objects presented to us in creation 





ted with numerous engravings, both plain and 
colored. Clarke’s Hundred Wonders of the 
World, 1 vol., 12mo., and Platt’s Book of Curi- 
osities, contain a number of interesting selections 
on this subject.—Smellie’s Philosophy of Natural 
History, 2 vols., 4to., and his translation of But- 
fon’s Natural History.—Bingley’s Animal Biogra- 
phy, 4 vols., 8vo.—Works entitled “ Systems” 
and “Elements”? of “ Natural History,” are nu- 
merous; but the greater part of them is con- 
fined to descriptions of the forms, habits, and 
instincts of animals. On this department of 
natural science, a work was published some time 
ago by the celebrated Cuvier, entitled The Animal 
Kingdom, with engravings chiefly from the living 
subjects in the museum of natural history at 
Paris.—A work on the same subject has been 
publishing for several years past, in 12mo. vols., 
entitled The Naturalist’s Library, by Sir W. Jar- 
dine. Every volume contains about 24 plates, 
with the figures colored from nature, along with 
a biographical sketch, and a portrait of some.emi- 
nent naturalist or philosopher. About 40 vols. 
have already been published, price 6s. each—A 
Popular and Comprehensive History of the facts 
which have been ascertained respecting the earth, 
the atmosphere, the meteors, the heavens, etc., 
calculated for general readers, and interspersed 
with appropriate moral and religious reflections, 
is still a desideratum. The facts of natural histo- 
ry, next to the facts recorded in the sacred volume, 
are the first subjects to which the minds of the 
young should be directed in the course of a gene- 
ral education. 


SELECT BOOKS ON GEOGRAPHY. 


Pinkerton’s Modern Geography, 2 vols., 4to., 
and the Abridgment, 1 vol., 8vo—The Glasgow 
Geography, in 5 vols., 8yo. This work compre- 
hends an immense mass of information on the 
historical and descriptive parts of geography. It 


andj|,also contains comprehensive compends of astro- 


nomy, geology, meteorology, etc—Malte Brun’s 


: 


158 


System of Geography, 7 vols., 8vo. The English 
translation of this work contains the fullest and 
most comprehensive view of universal geo aie 
that has yet appeared in our language, including 
details of the most recent discoveries. 
volume contains a luminous and comprehensive 
outline of the science of geology and physical 
and mathematical geography—Murray’s Eney- 
clopedia of Geography, 1 vol., 8vo. ‘This work 
contains a great mass of information on the sub- 
jects connected with geography, and numerous 
engravings.—W oodbridge’s System of Universal 
Geography, with maps and numerous engravings. 
—Bell’s Geography.—Myer’s System of Modern 
Geography, with maps, views, engravings repre- 
senting costumes, etc., 2 large vols., 4to:—Cooke’s 
System of Universal Geography, in 2 very large 
4to. volumes, closely printed, contains a great 
variety of interesting sketches in relation to de- 
scriplive geoyraphy, extracted from the writings 
of modern voyagers and travelers; the details of 
incidents, etc., being related, for the most part, in 
the words of the respective authors from whom 
the information is collected. — Winterbotham’s 
Geographical and Historical View f the United 
States of America, ete., 4 vols., 8vo.—Morse’s 
American Geography, 8vo.—Goldsmith’s Geogra- 
phy on a popular plan, contains an interesting 
account of the manners and customs of nations, 
for the entertainment and instruction of the 
young, illustrated with above 69 engravings. Of 
smaller systems, there is a great abundance in the 
English language; but most of them are extremely 
deficient, particularly in what relates to general 
geography.—On sacred geography, Well’s Geo- 
graphy, modernized by the Editor of Calmet’s 
Dictionary, is the most complete work of its 
kind. On physical or general geography: Play- 
fair’s System of Geography, vol. I, and Vareni- 
us’s General Geography. A mopERN system of 
general geography, in a separate form, on the 
plan of Varenius, is a desideratum.—Edin. Encye., 
Art. Geography—Encye. Brit., 7th edition, Art. 
Physical Geography, etc. Books of Voyages and 
Travels generally contain the most circumstantial 
details of the physical aspects of the different 
countries, and of the dispositions and customs of 
their inhabitants; and present to the view of the 
Christian philanthropist those facts and principles 
from which the moral state and character of the 
various tribes of human beings may be inferred. 
The following works contain comprehensive 
abridgments of the most celebrated voyages and 
travels:—Pinkerton’s General Collection of Voy- 
ages and Travels in all parts of the World, 17 
vols., 4to.—Mavor’s Voyages, etc., 28 vols., 18mo. 
—The World Displayed, 18 vols., 18mo.—Phillips’s 
Collection of Voyages and Travels, ete—Conder’s 
Modern Traveler, 20 vols. 

The following are among the most respectable 
modern publications on this subject, arranged ac- 
cording to the different quarters of the world:— 
Asta. Valencia’s Travels in India, Arabia, ete— 
Porter’s Travels in Georgia, Armenia, ete.—Go- 
lownin’s Travels in Japan.—Staunton’s Account 
of Macartney’s Embassy to China—Rafiles’ Tra- 
vels in Java—Clarke’s Travels in Asia Minor and 
the Holy Land.—Chateaubriand’s Travels in Pal- 
estine—Ali Bey’s Travels in Arabia —Sir Alex- 
ander Burness’s Travels in India, ete.—Stephens’ 
Incidents of Travel in Egypt, Arabia Petrea, and 
the Holy Land.—Morier’s Travels through Persia. 
—Historical and Descriptive Account of British 
India, 3 vols—Historical and Descriptive Account 
of China, 3 vols—Crichton’s H istory of Arabia—- 
Frazer’s Account of Persia.—Russell’s Palestine, 
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etc.——A RICA. | n’s Travels in Northern 
Africa.—Burcekha Travels in Nubla-Brace’s 
Travels in Abyssinia —Salt’s ‘Travels in Abyssi- 
teh’s, Hutton’s, and Dupuis’s Account 
—Park’s and Lander’ vels in Af- 














rica—. s Journey. in oni’s T'ra- 
vels in Key,  Bouits a n Egypt.—Bar- 
row’s, Burchell’s, and Il’s Travels in South- 
mm Africa. IPs count of Nubia, Abys- 
nia, a y States, and View of Ancient 
and Modern Egypt—Narrative of Discovery and 





dventure in Africa, with Illustrations of the 
Geol R Bs ccslogy, and Zoology, ett. AMER- 
ICA. Lowisonta Sketches of Upper Canada— 
Stewart’s e Years in America.—Tytler’s 
Views of the Northern Coast of America—Hum- 
boldt’s Travels in South America.—Duncan’s Tra- 
vels in the United States-—Miss Martineau’s So- 
ciety in America—Buckingham’s Travels in tho 
United States of America.—Luccock’s, Vidal’s, 
XKoster’s, and Hall’s Travels in South America, 
ete. Europe. Henderson’s and Mackenzie’s 
Travels in Iceland—Thomson’s Travels in Swe- 
den.—Carr’s Travels in Russia, Denmark, ete.— 
Pallas’s Travels in Russia —Wraxall’s, Neale’s, 
Coxe’s, and Lemaistre’s Tours through France, 
Switzerland, Germany, etec——Burgoing’s and Ja- 
cob’s Travels in Spain-—Brydone’s Tour in Sicily, 
ete.—Von Buck’s Travels in Norway and Lapland. 
—Cochrane’s Travels in Siberia, ete—Cooke’s, 
Anson’s, Byron’s, Perouse’s, and Bouganville’s 
Voyages round the World, ete.—Prior’s Universal 
Traveler, 1 thick vol., 12mo., closely printed, with 
109 engravings. 





SELECT BOOKS ON GEOLOGY. 


Kirwin’s Mineralogy, and his Geological Es- 
says.—De Luc’s Geology, and his Geological Tra- 
vels.—Parkinson’s Organic Remains of a former 
world, 3 vols., 4to—The Fossils of the South 
Downs, or Illustrations of the Geology of Sussex, 
by G. Mantel, F.L.S.—The preliminary Essay to 
this splendid Work contains several excellent re- 
marks respecting the connection of Geology with 
Religion, which are calculated to advance the in- 
terests of both.—Cuvier’s Essay on the theory of 
the Earth, with Illustrations by Professor Jamie- 
son, 4th edition—Playfair’s Illustrations of the 
Huttonian Theory of ‘the Earth—Transactions 
of the Geological and Wernerian Societies—Dr. 
P.Smith’s Lectures on Geology as connected with 
Revelation.—Dr. Hitchcock’s Treatise on Geology 
—his Connection between Geology and Natural 
Religion—and his Connection between Geolo 
and the Mosaic Account of the Creation —Lyell's 
Geology—Buckland and Babbage’s Bridgewater 
‘Treatises-—Macculloch’s System of Geology — 
Hugh Miller’s Old Red Sandstone—Buckland’s. 
Account of the discovery of a Den of Hyenas in 
a cavern in Yorkshire—Buckland’s Treatise on 
Geology, 2 vols., 8yo.—Bakewell’s Introduction to 
Geology.—Phillips’s Outlines of Mineralogy and 
Geology, 12mo.—This last work forms a good in- 
troduction to the study of Geology, for those who 
are Just commencing their inquiries on this sub- 
ject. The object of this science, in the mean- 
time, should be confined chiefly to the collecting of 
facts, in reference to the structure of the earth 
and the changes it has undergone. The exterior 
aspect of our globe, and its internal recesses, must 
be still more extensively explored, before any theo- 
ry of the earth can be established on a broad and 
solid foundation. It should be left to future ages 
to build a system with the materials we are now 
preparing. 
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a 
Brewster’s Fer, uson’s Astré nomy, 2 vols., 8vo., 
with a vol. o plat The notes and supy 

tary chapters 
. Brewster, c 
of all the n Sipoveris 
Bonnycastle’s Introduction tronomy, 1 vol., 
8v0.—La Place’s System of Worl ©) vols., 
8v0.—Dr. Olinthus Gregory’s Astronomy, 1 vol., 
8vo.— Mrs. Bryan’s System of Astronomy, 8vo.— 
Adams’ Astronomical and Geographical Essays, 
8vo.—Phillips’s Eight Familiar Lectureson As- 
tronomy, 12mo.--Herschel’s Astronomy.--Squire’s 
Grammar of Astronomy, one thick vol. 18mo., 
closely printed, and illustrated with 35 plates.— 
Arago’s Lectures on Astronomy.—The Won- 
ders of the Heavens, 12mo.—This work contains 
a popular view of the principal facts of Astrono- 
my, and is illustrated with 50 elegant engravings 
of a variety of interesting objects connected with 
the scenery of the heavens; but its discussions 
are too frequently blended with the peculiarities 
of a modern physical theory—Martin’s Gentle- 
man and Lady’s Philosophy, vol. 1.—Derham’s 
Astro-Theology, and Whiston’s Astronomical 
Principles of Religion, 8vo.—Baxter’s Matho, 2 
vols., etc.—An elegant and comprehensive outline 
of the leading facts of Astronomy in their rela- 
tion to Revealed Religion, will be found in Dr. 
Chalmers’s Discourses on tho Christian Revela- 
tion, viewed in connection with Modern Astrono- 
my, 8vo.— The general reader, in commencing his 
study of this science, will find Bonnycastle’s “In- 
troduction” a very interesting work. It is writ- 
ten im an elegant and animated style, and is agree- 
ably interspersed with a number of appropriate 
reflections; but it is deficient in the detail of mod- 
ern discoveries. He might next proceed to the 
perusal of Ferguson, Gregory, Squire, ete.—La 
Place’s work contains a beautiful exposition of 
the Newtonian system; but it is glaringly deficient 
in reference to the Wisdom and Agency of a Su- 
preme Intelligence. “An undevout astronomer 
is mad.”? Baxter’s Matho contains a popular and 
interesting view of this subject, and forms a stri- 
king contrast to the apathy of La Place, who care- 
fully keeps out of view the agency of the Creator 
—the main design of this author being to con- 
nect the phenomeffa of the heavens and the earth 
with the attributes of Deity, and the high destina- 
tion of immortal minds. Though this work pass- 
ed through three editions, it does not seem to have 
been appreciated according to its merits. As it 
has now become searce, a new edition with notes, 
containing a detail of modern discoveries, might 
be an acceptable present to the public. ‘Those 
who wish to prosecute this subject to a greater 
extent, may be referred to Long’s Astronomy, 2 
vols., 4to.— Robison’s Mechanical Philosophy, 
vol. 1—Dr. Pearson’s Introduction to Practical 
Astronomy, comprising descriptions of Telescopes, 
Equatorials, Quadrants, and other astronomical 
instruments,2 large vols., 4to., with numerous en- 
gravings of instruments.—Vince’s complete Sys- 
tem of Astronomy, 3 vols., 4to.—La Lande As- 
tronomie, 3 vols., 4to—and Biot’s Traitie Hlémen- 
taire d’ Astronomie Physique. A comprehensive 
work on Descriptive Astronomy, detailing in a pop- 
ular manner, all the facts which have been ascer- 
tained respecting the scenery of the heavens, ac- 
companied with a variety of striking delineations, 
and interspersed with appropriate moral reflections, 
accommodated to the general reader, is a desider- 
atum which we trust will be in some measure 
supplied by the two volumes we lately published, 
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entitled ‘Celestial Scenery,” and the “Sidereal 
Heavens,”’ which have already passed through se- 
veral editions, and haye been republished in differ- 
ent parts of America. ; 


SELECT BOOKS ON NATURAL PHILOSOPHY. 


Hauy’s Elementary Treatise on Natural Philos- 
ophy, translated by Dr. O. Gregory, 2 vols., 8vo. 
‘This translation contains a number of valuable 
ages by the translator—Ferguson’s Lectures on 

lect subjects in Mechanics, etc., by Sir D. Brew- 
ster, 2 vols., 8vo., with a vol. of plates. The Ap- 
pendix to this work, by Sir D. Brewster, con- 
tains a mass of valuable information on Me- 
chanics, Hydraulics, Dialing, and the construc- 
tion of Optical Instruments; beside a variety of 
illustrative notes interspersed through the work, 
which comprises a detailed account of the recent 
discoveries in Experimental Philosophy.—Nichol- 
son’s Introduction to Natural Philosophy, 2 vols., 
8vo.—Cavallo’s Complete Treatise on Natural 
and Experimental Philosophy, 4 vols., 8yo.— Mar- 
tin’s Philosophia Britannica, 3 vols., 8vo.; his 
Gentleman and Lady’s Philosophy; 3 vols., 8vo.; 
and his Philosophical Grammar, 1 vol., 8vo.— 
Herschel’s Preliminary Discourses on the study 
of Natural Philosophy.—Lardner’s Hydrostaties, 
Mechanics, and Pneumatics.—Professor Quete- 
let’s Facts, Laws, and Phenomena of Natural 
Philosophy.—Partington’s Manual of Natural and 
Experimental Philosophy, 2 vols., 8vo.—Sir D 
Brewster’s Treatise on Optics.—Smith’s Complete 
System of Optics, 2 vols., 4to., with 93 plates, con- 
taining 941 figures, 1738.—Arnot’s Elements of 
Physics, 2 vols., 8vo.—Gregory’s Economy of Na- 
ture, 3 vols, 8vo.; and his Lectures on Experi- 
mental Philosophy, Astronomy, and Chemistry, 2 
vols., 12mo.—Joyce’s Letters on Experimental 
Philosophy, 2 vols., 12mo.; and his Scientific Di- 
alogues, 18mo.—Adams’ Lectures on Natural and 
Experimental Philosophy, 4 vols., 8yo., with a vol. 
of plates—Young’s Lectures on Natural Philoso- 
phy, 2 vols., 8vo.—Walker’s System of familiar 
Philosophy, 4to., in 12 lectures, with 47 4to. en- 
gravings.—Conversations on Natural Philosophy 
by the author of Conversations on Chemistry, one 
thick vol., 12mo., with 23 engravings.—Blair’s 
Grammar of Natural Experimental Philosophy, 
especially the late editions, contains (at a small 
price), a comprehensive view of the principal de- 
partments of Philosophy, including Astronomy, 
Geology, Chemistry, Meteorology, etc.—Euler’s 
Letters to a German Princess, 2 vols., 8vo., con- 
tains a popular view of the most interesting sub- 
jects connected with Natural and Experimental 
Philosophy, Logic, and Ethics. This work is dis- 
tinguished by a vein of dignified and scriptural 
piety, which runs through every part of it. Euler 
was one of the most distinguished Philosophers 
and Mathematicians of his day. He died in 1783, 
at the age of 77, An edition of this work, con- 
taining notes by Sir D. Brewster, has been publish- 
ed. These notes are excellent, so far as they ex- 
tend; but it is to be regretted that they are so 
sparingly distributed, and that the passages sup- 
pressed by M. Condorcet and De la Croix, which 
were restored by Dr. Hunter, who translated the 
work, and the notes of the French and English 
editors, are for the most part discarded. As a 
work of general information in relation to the 
physical sciences and other useful departments of 
knowledge, Chambers’s Information for the People 
may be recommended to common readers, as a 





very useful and comprehensive compend of Sci- 
ence, History, Civil and Natural Geography, Ve- 
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getable and Animal Physiology, Chemistry, Elec-\ 
tricity, Magnetism, etc. It is the cheapest book 
that has hitherto been published, when we consider 


the quantity of letter-press, and the vast mass of | Ch 


information it contains. 


Notwithstanding the numerous excellent trea-| i 


tises which are to be found on this subject, a com- 
prehensive work on experimental Philosophy, 
blended with sketches of those parts of natural histo» 
ry which are connected with it, and enlivened wit 


appropriate reflections on the peculiar agencies of | 


Deity, which appear in the various processes 0: 
nature—is still wanting to interest, the general 
reader, and to attract his attention to this depart- 
ment of knowledge. Were philosophers, in their 
discussions of natural, science, more frequently to 
advert to the agency of the Deity, and to point 
out the Religious and Philanthropic purposes to 
which modern discoveries might be applied, they 
might be the means of promoting, at the same 
time, the interests both of science and religion, by 
alluring general readers to direct their attention to 
such objects, and by removing those groundless 
prejudices which a great proportion of the Christian 
world still entertain against philosophical studies. 
About the period when Boyle, Ray, Derham, 
Nieuwentyt, Whiston, Addison, the Abbe Pluché, 
and other Christian philosophers flourished, more 
attention seems to have been paid to this. subject 
than at present, Since the middle of the last cen- 
tury, the piety of philosophers appears to have 
been greatly on the decline. Itis to be hoped that 
. it is now beginning to experience a revival. But 
whatever may be the varying sentiments and feel- 
ings of mere philosophers, in reference to the 
agencies of the material system, “all the works 
of God invariably speak of their Author,”’ to the 
humble and enlightened Christian; and if he be 
directed to contemplate the order of nature with 
an eye of intelligence, he will never be ‘at a loss 
to trace the footsteps and tho attributes of his 
Father and his God. 
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12mo.—Joyce’s Dialogues on Chemistry, 2 vols., 
18mo.—Park, udiments of Chemistry, 18mo, 
and his Chemical Catechism, 8vo. The four works 
last mentioned may be recommended as popular 
introductions to the study of this science.— 
Parke’s Rudiments and Catechism are distinguish- 
ed by their constant, reference to the agency of 
the Deity, and by the anxiety which the author 
displays to fix the attention of his readers on the 
evidences of benevolent design which appear in 
the constitution of nature. The numerous notes 
appended to the Chemical Catechism embody a 
great variety of interesting facts in reference to 
the economy of nature, and the processes of the 
arts. To this amiable and intelligent writer I feel 
indebted for several of the chemical facts stated 
in this volume. 

As the science of Chemistry is making rapid 
progress in its investigations and discoveries—the 
latest editions of the works referred to, and all 
others on the same subject, are generally to be 
preferred. ‘The same remark is applicable to al- 
most all the works connected with the physical 
sciences. But, with the exception of new disco- 
veries, many of the works published twenty or 
thirty years ago, are worthy of being consulted, 
and are, in some respects, superior to more recent 
publications. There are some works, on different 
branches of natural science, published nearly a 
century ago, which give more full and clear de- 
scriptions of certain scientific facts than are to be 
found in many of our modern publications: and 
therefore such works ought not to be considered 
as altogether obsolete. It is of some importance 
to the student of science to be possessed of several 
treatises on the same subject; as certain. principles 
or facts which may be vaguely stated, or imper- 
fectly explained by one guthar Way be more fully 
and clearly elucidated by another. 
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Tux following work is intended for the instruction of general readers, to direct their 
attention to the study of the heavens, and to present to their view sublime objects of 
contemplation. ‘With this view the author has avoided entering on the more abstruse 
and recondite portions of astronomical science, and confined his attention chiefly to 
the exhibition of facts, the foundation on which they rest, and the reagonings by which 
they are supported. All the prominent facts and discoveries connected with descriptive 
astronomy, in so far as they relate to the planetary system, are here recorded, and 
many of them exhibited in a new point of view; and severdl new facts and observa- 
tions are detailed which have hitherto been either unnoticed or unrecorded. 


The results of hundreds of tedious calculations have been introduced respecting 
the solid and superficial contents of the different planets, their satellites, and the rings 
of Saturn; their comparative magnitudes and motions, the extent of their orbits, the 
apparent magnitudes of bodies in their respective firmaments, and many other particu- 
lars not contained in books of astronomy, in order to produce in the minds of common 
readers definite conceptions of the magnitude and grandeur of the solar system. The 
mode of determining the distances and magnitudes of the celestial bodies is explained, 
and rendered as perspicuous and popular as the nature of the subject will admit; and 
the prominent arguments which demonstrate a plurality of worlds are considered in all 
their bearings, and illustrated in detail. 


One new department of astronomical science, which has hitherto been overlooked, 
has been introduced into this volume, namely, the scenery of the heavens as exhibited 
Srom the surfaces of the different planets and their satellites, which forms an interesting 
object of contemplation, and, at the same time, a presumptive argument in favor of 
the doctrine of a plurality of worlds. 


The author, having for many years past been a pretty constant observer of celestial 
phenomena, was under no necessity of adhering implicitly to the descriptions given 
by preceding writers, having had an opportunity of observing, through some of the 
best reflecting and achromatic telescopes, the greater part of the phenomena of the 
solar system which are here described. 


Throughout the volume he has endeavored to make the facts he describes bear upon 
the illustration of the Power, Wisdom, Benevolence, and the Moral Government of 
the Almighty, and to elevate the views of the reader to the contemplation of Him 
who sits on the throne of the universe, “ by whom the worlds were framed,” and who 
is the Source and Center of all felicity. 


In prosecuting the subject of Celestial Scenery, the author intends, in another 


volume, to carry forward his survey to the Starry Huavens and other objects con- 
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nected with astronomy. That volume wi embrace discussions relative to the number, 
distance, and arrangement of thé stars; periodical and variable stars; new and tem- 
porary stars; double and triple stars; binary systems;. stellar and planetary nebulz ; 
the comets,,and other particulars; accompanied with such reflections, as the contem- 
plation of such august objects may suggest. The subject of a plurality of worlds 
will likewise be prosecuted, and additional arguments, derived both from reason and 
Revelation, will be adduced in support of this position. The practical utility of 
astronomical studies, their connection with religion, and the views they unfold of the 
perfections and the empire of the Creator, will. also be the subject of consideration. 
And should the limits of a single volume i some hints may be given in relation 
to the desiderata in astronomy, and the means by which the progress of the science may 
be promoted, together witliMeoctip tions of the telescope, the equatorial, and other 
instruments, and the manner of using them for celestial investigation. 


Broveuty Ferry, NEAR DUNDEE. 
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Astronomy is that department of knowledge 
which has for its object to investigate the motions, 
the magnitudes, and distances of the heavenly bo- 
dies; the laws by which their, movements are di- 
rected, and the ends they are intended to sub- 
serve in the fabric of the universe. This is a 
science which has in all ages engaged the atten- 
tion of the poet, the philosopher, and the divine, 
and been the subject of their study and admira- 
tion. Kings have descended from their thrones to 
render it homage, and have sometimes enriched it 
with their labors; and humble shepherds, while 
watching their flocks by night, have beheld with 
rapture the blue vault of heaven, with its thou- 
sand shining orbs, moving in silent grandeur, until 
the morning star announced the approach of day. 
Tke study of this science must have been coeval 
with the existence of man; for there is no rational 
being who has for the first time lifted his eyes to 
the nocturnal sky, a eheld the moon walking 
in brightness amidst the planetary orbs and the 
host of stars, but must have been struck with ad- 
miration and wonder at the splendid scene, and 
excited to inquiries into the nature and destination 
of those far-distant orbs. Compared with the 
splendor, the amplitude, the august motions, and 
the ideas of infinity which the celestial vault pre- 
sents, the most resplendent terrestrial scenes sink 
into inanity, and appear unworthy of being set in 
competition with the glories of the sky. 

When, on a clear autumnal evening, after sun- 
set, we take a serious and attentive view of the 
celestial canopy; when we behold the moon dis- 
playing her brilliant crescent in the western sky; 
the evening star gilding the shades of night; the 
planets moving in their several orbs;, the stars, 
one after another, emerging from the blue ethe- 
real, and gradually lighting up the firmament 
wai 





we of shining orbs; and particularly 
when we behold one cluster of stars gradually de- 


soentlite below the western horizon, and other | 


clusters emerging from the east, and ascending, 
in unison, the canopy of heaven; when we con- 
template the whole celestial vault, with all the 
shining orbs it contains, moving in silent gran- 
deur, like one vast concave sphere, around this 
lower world and the place on which we stand— 
such a scene naturally leads a reflecting mind to 
such inquiries as these: Whence come those stars 
which are ascending from the east? Whither 
have those gone which have disappeared in the 
west? What becomes of the stars during the 
day which are scen in the night? Is the mo- 
tion which appears in the celestial vault real, or 
does a motion in the earth itself cause this ap- 
pearance? What are those immense numbers of 
shining orbs which appear in every part of the 
sky? Are they mere studs or tapers fixed in the 
arch of heaven, or aro they bodies of immense 
size and splendor? Do they shine with borrowed 


pear all over spangled with a brilliant | 
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light, or with their own native luster? Are they 
placed only a few miles above the region of the 
clouds, or at immense distances beyond the range 
of human comprehension? Can their distance be 
ascertained? Can their bulk be’ computed? By 
what laws are their motions regulated? and what 
purposes are they destined to subserve in the great 
plan of the univetse? These, and similar ques- 
tions, it is the great object of astronomy to re- 
solye, in so far as the human mind has been en 
abled to prosecute the path of discovery. 

For a long period, during the infancy of sci- 
ence, comparatively little was known of the hea- 
venly bodies excepting their apparent motions and 
aspects. Instead of investigating with care their 
true motions, and relative distances and magni- 
tudes, many of our ancestors looked up to the 
sky either with a brute unconscious gaze, or 
viewed the heavens as the book of fate, in which 
they might read their future fortunes, and learn, 
from the signs of the zodiac, and the conjunctions 
and other aspects of the planets, the tempera- 
ments and destinies of men and the fate of em- 
pires., And even to this day, in many countries, 
the fallacious art of prognosticating fortunes by 
the stars is one of the chief uses to which the sci- 
ence of the heavens is applied. In the ages to 
which I allude, the world in which we dwell was 
considered as the largest body in the universe. It 
was supposed to be an immense plane, diversified 
with a few inequalities, and stretching in every 
direction to an indefinite extent. How the sun 
penetrated or surmounted this immense mass of 
matter every morning, and what became of him 
in the evening—whether, as the poets assert, he 
extinguished himself in the western ocean, ‘and 
was again lighted up in the eastern sky in the 
morning—many of them could not determine.— 
Below this mass of matter we call the earth, it 
was conceived ‘that nothing but darkness and 
empty space, or the regions of Tartarus, could 
exist. The stars which gild the concave of the 
firmament above were considered only as so many 
bright studs fixed in a crystalline sphere, which 
carried them round every day to emit a few glim- 
mering rays, and to adorn the ceiling of our ter- 
restrial habitation. Above the visible firmament 
of heaven, and far beyond the ken of mortal eye, 
the Deity was supposed to have fixed his special 
residence, among myriads of superior intelli- 
gences. ‘The happiness, the preservation, and the 
moral government of the human tace were sup- 
posed to be the chief business and object of the 
Deity, to which all his decfees in eternity past, 
and all his arrangements in relation to eternity to 
come, had a special and almost exclusive refer- 
ence. Such ideas are still to. be found, even in 
the writings of Christian divines, at a period no 
further back than the sixteenth century. 

To hazard the opinion that the plans of the Al- 
mighty embraced a much more extensive range— 
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that other beings, analogous to men, inhabited the 
planetary or the starry orbs, and that such beings 
form by far the greater part of the population of 
the universe—would have been considered as a 
heresy in religion, and would probably have sub- 
jected some of those who embraced it to the 
anathemas of the church, as happened to Spige- 
lius, bishop of Upsal, for defending the doctrine 
of the antipodes, and to Galileo, the philosopher 
of Tuscany, for asserting the motion of the 
earth. The ignorance, the intolerance, and the 
contracted views to which I allude, are, however, 
now, in a great measure, dissipated. The light 
of science has arisen, and shed its benign influ- 
ence on the world. It has dispelled the darkness 
of former ages, extended our prospects of the 
grandeur and magnificence of the scene of crea- 
tion, and, in conjunction with the discoveries of 
revelation, has opened new views of the perfec- 
tions and moral government of the Almighty. In 
the progress of astronomical science, the distances 
and magnitudes of many of the celestial bodies 
began to be pretty nearly ascertained; and the in- 
vention of the telescope enabled the astronomer to 
extend his views into regions far beyond the limits 
of the unassisted eye, and to discover myriads of 
magnificent globes formerly hid in the unex- 
plored regions of immensity. The planetary orbs 
were found to bear a certain resemblance to the 
earth, having spots and dark streaks of different 
shades upon their surfaces; and it was not long 
in being discovered that, notwithstanding their 
apparent brilliancy, they are, in réality, opaque 
globes, which derive all their light and luster from 
the sun. The planet Venus, in different parts of 
its orbit, was observed to exhibit a gibbous phase, 
and the form of a crescent similar to the moon, 
plainly indicating that it is a dark globe, enlight- 
ened only on one side by the rays of the sun.— 
The moon was perceived to be diversified with 
hills and valleys, caverns, rocks, and plains, and 
ranges of mountains of every shape, but arranged 
in a manner altogether different from what takes 
place in our sublunary sphere. The sun, which 
was generally supposed to be a ball of liquid fire, 
was found to be sometimes covered with large 
dark spots, some of them exceeding in size the 
whole surface of the terraqueous globe, and giv- 
ing indications, by their frequent changes and dis- 
appearance, of vast operations being carried on 
upon the surface and in the interior of that mag- 
nificent luminary. Hundreds of stars were des- 
cried where scarcely one could be perceived by a 
common observer; and as the powers of the 
telescope were increased, thousands more were 
brought to view, extending in every direction, 
from the limits of unassisted vision throughout 
the boundless extent of space. 

It is natural for an intelligent observer of the 
universe to inquire into the final causes of the va- 
rious objects which exist around him. When he 
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an immense size, arranged in beautiful and har- 
monious order, and performing their various revo- 
lutions with regularity and precision, the natural 
inquiry is, For what end has the Deity thus ex- 
erted his wisdom and omnipotence? What is the 
ultimate destination of those huge globes which 
appear in the spaces of the firmament? Are 
these vast masses of matter suspended in the vault 
of heaven merely to diversify the voids of infinite 
space, or to gratify a few hundreds of terrestrial 
astronomers in peeping at them through their 
glasses? Is the Almighty to be considered as 
taking pleasure in beholding a number of splendid 
lamps, hung up throughout the wilds of immen- 
sity, which have no relation to the accommoda- 
tion and happiness of intelligent minds? Has he 
no end in view corresponding to the magnificence 
and grandeur of the means he has ernployed! Or, 
are we to conclude that his wisdom and goodness 
are no less conspicuously displayed than his om- 
nipotence in peopling those vast bodies with my- 
riads of intelligent existences of various orders, 
to share in his beneficence and to adore his perfec- 
tions? This last deduction is the only one which 
appears compatible with any rational ideas we can 
entertain of the wisdom and intelligence of the 
Eternal Mind, and the principles of the Divine 
government. ; 

This opinion is now very generally entertained 
by those who have turned their attention to the 
subject. But itis frequently admitted on grounds 
that are too general and vague; on the authority 
of men of scienve, or on the mere ground that 
the planets and stars are a ies of immense size; 
and hence itis only considered as a probable opin- 
ion, and a thorough conviction of its truth is sel- 
dom produced in the mind. 

In the following work it shall be our endeavor 
to show that the arguments which may be brought 
forward to establish the doctrine of a plurality of 
worlds have all the force of a moral.demonstration ; 
that they throw a luster on the perfections of the 
Divinity; and that the opposite opinion is utterly 
inconsistent with the every idea we ought to enter- 
tain of an All-wise and Omnipotent Intelligence. 

In order to the full illustration of this subject, 
it will be necessary to take a pretty minute and 
comprehensive view of all the known facts in re- 
lation to the heavenly bodies; and while these 
facts will be miade to bear upon the object now 
proposed, they will likewise tend to exhibit the 
scenery of the heavens, and to elucidate many of 
the prominent truths and principles connected 
with descriptive astronomy. In the progress of 
our discussions, we shall descend into many mi- 
nute particulars which are generally overlooked 
by writers on the subject of astronomy, and shall 
introduce several original observations and views 
on this subject which have not hitherto been par- 
ticularly detailed. 


* 
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CHAPTER I. 


ON THE GENERAL APPEARANCE AND APPARENT MOTIONS OF THE STARRY 
HEAVENS. 


o- * 

Brrore proceeding to a particular description 
of the real magnitudes, motions, and phenomena 
of the heavenly bodies, it may not be improper to 
take a brief survey of the general appearance and 
apparent motions of the celestial vault, as they 
present themselves to the eye of a common ob- 
server. 

It is of importance to every one who wishes to 
acquire a clear idea of the principles of- astrono- 
my and the phenomena of the heavens, that he 
contemplate with his own eyes the apparent 


aspects and revolutions of the celestial bodies | 


before he proceeds to an investigation of the real 
motions, phenomena, and arrangements which 
the discoveries of science have led us to deduce. 
From want of attention to this circumstance, 
there are thousands of smatterers in the science 
of astronomy who never acquire any clear or 
comprehensive ideas on this subject; and who, 
instead of clearly perceiving the relations of the 
heavenly orbs from their own observation, rely 
chiefly on the assertions of their instructors, or 
the vague descriptions to be found in elementary 
books. It is amazing how many intelligent men 
there are among us who would not wish to be 
considered altogether ignorant of modern astro- 
nomy, have never looked up to the celestial vault 
with fixed attention; have never made repeated 
observations to discover its phenomena; and can- 
not tell, from their own survey, what are the va- 
rious motions it exhibits. There are thousands 
and ten thousands who have gazed on a clear 


evening sky, at certain intervals, during a period- 


of many years, yet can tell no more about the 
glorious scene around them than that they behold 
anumber of shining points twinkling in every 
direction in the canopy above. Whether these 
bodies shift their positions with regard to each 
other, or remain at the same relative distances; 
whether any of them appear in motion, while 
others appear at rest; whether the whole celestial 
canopy appears to stand still, or is carried round 
with some general motion; whether all the stars 
which are seen at six'o’clock in the evening are 
also visible at twelve at midnight; whether the 
stars rise and set, as the sun and moon appear to 
do; whether they rise in the east, or north-east, 
or in any other quarter; whether some rise and 
set regularly, while others never descend .below 
the horizon; whether any particular stars are oc- 
casionally moving backward or forward, and in 
what parts of the heavens they appear; whether 
there are stars in our sky in the daytime as well 
as during night; whether the same clusters of 
stars are,to be seen in summer as in winter? To 
these and similar questions there are multitudes 
who have received a regular education, and who 
are members of a Christian church, who could 
give no satisfactory answers. And yet almost 
every one of these inquiries could be satisfacto- 
rily answered, in the course of a few evenings, 
by any man of common understanding who 





directed his attention for a few hours to the sub- 
ject, and that, too, without the knowledge of a 
single scientific principle. He has only to opén 
his eyes, and to make a proper use of them; to 
fix his attention on the objects before him; to 
make one observation after another; and to com- 
pare them together; and to consider that “the 
works of the Lord are great,” and that they ought 
“to be sought out [or seriously investigated] by 
all those who have pleasure therein.” 

If this representation be admitted as just, what 
a striking’ idea does it present of the apathy and 
indifference of the greater part of mankind in 
regard to the most astonishing and magnificent 
display which the Creator has given of himself 
in his works! Had we an adequate conception of 
all the scenes of grandeur, and the displays of 
intelligence and omnipotent power, which a seri- 
ous contemplation of a starry sky is calculated to 
convey, all the kingdoms of this world would 
sink into comparative insignificance, and all their 
pomp and splendor ‘appear as empty as the bub- 
bles of the deep. It is amazing that Christians, 
in particular, should, in so many instances, be 
found overlooking such striking displays of Divine 
perfection as the firmament opens to our view, as 
if the most august works of the Creator, and the 
most striking demonstration of his “eternal power 
and godhead,’? were unworthy of their regard; 
while we are commanded, in Scripture, to “lift 
up our eyes on high, and consider Him who hath 
created these orbs, who bringeth forth their hosts 
by number,’’ and who guides them in all their 
motions “by the greatness of his: strength.” 
«The heavens,’’ says the Psalmist, “declare the 
glory of the Lord, and the firmament showeth his 
handiwork.” ‘Though these luminaries “ have 
no speech nor language,” though “ their voice 
is not heard” in articulate sounds, yet, as they 
move along in silent grandeur, they declare to 
every reflecting beholder that “the hand that 
made them is Divine.” 

One great cause of this indifference and inat- 
tention is to be found in the want of those habits 
of observation and reflection which ought to be 
formed in early life by the instructions imparted 
in the family circle and at public seminaries. 
Children, at a very early age, are endowed with 
the principle of curiosity, and manifest an eager 
desiré to become acquainted with the properties 
and movements of the various objects which sur- 
round them; but their curiosity is, in most in- 
stances, improperly directed; they are seldom 
taught to make a right. use of their senses; and 
when they make inquiries in reference to the ap- 
pearances of nature, their curiosity is too fre- 
quently repressed, until, at length, habits of inat- 
tention and indifference take possession of their 
minds. A celebrated author represents his pupil 
as expressing himself in the following manner:— 
“J shall freely tell you the things which fre- 
quently occur to my mind, and often perplex my 
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thoughts. 1 
tread on the earth with my feet; but I am ata 


ink of that mighty concave above} tend in thickness; 2 
piocigeomepe ais, 1 2 eae [| but empty space, suppose we could fly forever in 


me, or even of this very earth J] walk upon. 


often think whether the earth may not stretch out| any direction. 


in breadth to immensity, so as, if one was to 
travel it over, one should never be able to get to 
the end of the earth, but always find room to con- 
tinue the journey; nor can I satisfy myself as tov 
the depth of the earth, whether it has any bottom; 
and, if so, what it can be that is below the earth. 
As to the heaven, I need say nothing: every 
change that happens, and every object seen there, 
perplex me with doubts and fruitless guesses. I 
often wonder how the sun moves over so large a 
pace every day, and yet seems not to stir out of 
his place. I would know where he goes beyond 
the mountains in the evening; what becomes of 
him in the night-time; whether he makes his way 
through the thickness of the earth, or the depth 
of the sea, and so always shows himself again 
from the east next morning. It seems strange 
that, being so small a body as he is, he should 
still be seen everywhere, and still of the same 
bigness. The. various nature of the moon seems 
yet more perplexing; to-night, perhaps, you can 
scarce discern her; but, in a few days, she be- 
comes larger tian the body of the sun itself. Ina 
little time after, she decays, and, at last, wears quite 
away; yet she recovers 1. Ina word, she is 
never the same, and’ yet still becoming what she 
was before. What means that multitude.of stars 
scattered over the face of the whole sky, whose 
"number is so great that it is become proverbial? 
There are other things I want 10 be informed of, 
but these are the main difficulties which exercise 
my thoughts, and perplex my mind with endless 
doubting.” 
Were the young, or any other class of persons, 
led to such reflections as these, and were their 
doubts and inquiries resolved, so far as our know- 
ledge extends, we should have a hundred intelli- 
gent observers of the phenomena of the universe 
for one that is found in the present state of so- 
ciety. But, instead of answering their inquiries 
and gratifying their natural curiosity, we not un- 
frequently tell them that they are troublesome 
with their idle questions; that they ought to mind 
their grammar and parts of speech, and not med- 
dle with philosophical matters until they be many 
years older; that such subjects cannot be under- 
stood until they become men; and that they must 
be content to remain in ignorance for ten or 
twelve years to come. Thus we frequently dis- 
play our own ignorance and inattention, and 
thus we repress the .natural desire for knowledge 
in the young, until they become habituated to 
ignorance, and until the uneasy sense arising from 
curiosity and unsatisfied desire has lost its edge, 
and a desire for sensual or vicious pleasure usurps 
its place. “I recollect, when a boy of about seven 










or eight years of age, frequently musing on such 
subjects as those to which we have now alluded. 
I sometimes looked out from a window, in the day- 
time, with fixed attention, on a pure azure sky, 
and sometimes stretched myself on my back on 
a meadow, or in a garden, and looked up to the 
zenith to contemplate the blue ethereal. On such 
occasions a variety of strange ideas sometimes 
passed through my mind. I wondered how far 
the blue vault of heaven might extend; whether 
it was a solid transparent arch, or empty space; 
what would be seen could I transport myself to 
the highest point I perceived; and what display 
the Almighty made of himself in those regions 
so far removed from mortal view. I asked myself 
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I see the heavens over my head, andj whether the heayens might be bounded on all 


sides by a solid wall; how far this wall might ex- 
or whether there was nothing 


I then entered into a train of in- 
quiries as to what would have been the conse- 
quences had neither heaven nor earth been made, 
and had God alone existed in the boundless void. 
Why was the world created? What necessity 
was there why God himself should exist? And 
why was not all one vast blank, devoid of matter 
and intelligence? My thoughts ran into wild 
confusion; they were overwhelming, and they 
became even oppressive and painful, so as to in- 
duce me to put a check to them, and to hasten to 
[my playful associates and amusements. But 
although my relatives were more intelligent than 
many .of their neighbors, I never thought of 
| broaching such ideas, or of making any inquiries 
of them respecting the objects which had per- 
plexed my thoughts; and, even if I had, it is not 
likely I should have received much satisfaction. 
Such views and reflections are, perhaps, not un- 
common in the case of thousands of young peo- 
ple. I mention these things to show that the 
youthful mind, in consequence of the innate desire 
of knowledge with which it is endowed, is often 
ina state peculiarly adapted for receiving instruc- 
tion on many important subjects, and for becom- 
ing an intelligent’ observer of the economy of 
nature, were it not that our methods of instruc- 
tion hitherto, both in public and in private, 
instead of gratifying juvenile curiosity, have 
frequently tended to counteract the natural aspi- 
rations of the opening mind. 

But, leaving such reflections and digressions, 
let us now take, a general view of the motions of 
ana phenomena of the nocturnal heavens. 

Let us suppose ourselves under the open cano- 
py of heaves a clear night, at six o’clock in 
the evening, about the first of November. I fix 
upon this period, hecause the Pleiades, or seven 
stars, which are known to every one, are then 
visible during the whole night, and because, at 
this season of the year, the most brilliant fixed 
stars, and the more remarkable constellations, are 
above the horizon in the evening. “Turning our 
eyes, in the first place, toward the eastern quarter 
of the heavens, we shall see the seven stars just 
risen above the horizon, in a direction about half 
way between the east and the north-east points, 
or east-north-east. North-west from the seven 
stars, at the distance of thirty degrees, a very 
bright star, named Capella, may be perceived at an 
elevation of about eighteen degrees above the hori- 
zon. Directing our view toward the south, we shall 
perceive a pretty bright star, with a small star on 
the north and another on the south of it, which 
has just passed the meridian. This star is called 
Altair, and belongs to the constellation Aguila.— 
It is nearly south, at an elevation of forty-six de- 
grees, or about half-way between the horizon and 
the zenith. About thirty-three degrees north 
from Altair, and alittle farther io the west, is the 
brilliant star Lyra, belonging to the Harp. Look- 





ing to the west, a bright star, named Arcturus, 
will be seen about fifteen degrees above. the hori- 
zon, a very little to the north of the western point. 
Turning our eyes in a northerly direction, the 
constellation Ursa Major, or the Great Bear, pre- 
ae itself gn ge This cluster of stars is 
sometimes distinguished by the name of the 
Plow, or Charles’s Wain, wind is known to utmolt 
every observer. The relative positions of the 
promin tars it contains are represented in the 
followin gure. At the time of the evening 
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now supposed, it appears a little to the westward 
of the northern point of the heavens, the two 
eastern stars of the square being about eighteen 
degrees west from that point. These two stars, 
the uppermost of which is named Dubhe, and the 
lower one Merak, are generally distinguished by 
the name of the Pointers, because they point, or di- 
rect our eye toward the pole-star. 

The seven stars in the lower part of the figure 
are the prominent stars which constitute the tail 
and the body of the Great Bear. The first of 
these, reckoning from the left, is termed Benet- 
nasch, the second Mizar, the third Alioth, the 
fourth Megrez, immediately below which is Phad. 
The other two stars to the right are the Pointers, 
alluded to above. If a line connecting these two 
stars be considered.as prolonged upward to a con- 
siderable distance until it meet the first bright 
star, it directs us to the pole-star, which is the one 
nearest to the pole, and which, to a common ob- 
server, never seems to shift its position. The 
uppermost star in the figure toward the right hand 
represents the pole-star in its relative distance and 
position to the Great Bear. The distance between 
the two pointers, Dubhe and Merak, is about five 
degrees; and the distance between Dubhe, the up- 
permost of the pointers, and the pole-star, is about 
twenty-nine degrees; so that the space between 
Dubhe and the pole-star is nearly six times the 
distance between the two pointers. By attending 
to these circumstances, the distance between any 
two stars, when expressed in degrees, may be 
nearly ascertained by ‘the eye.: The six small 
stars in the upper part of the figure represent the 
constellation Ursa Minor, or the Lesser Bear, of 
which the pole-star forms the tip of the tail.— 
They resemble the configuration of'the stars in 


Fig. 1. 
Boneh RTS 
ee es 





ok 


the Great Bear, only they are on a smaller scale, 
and ina reversed position.* 
Having now fixed on certain stars or points in 
the heavens as they appear about six in the even- 
ing, and marked their relative positions, let us 
take another view of the celestial vault as it ap- 
pears about ten o’clock the same evening, or the 
first clear evening afterward. We shall then find 
that the seven stars have risen to a considerable 





£In these observations, the observer is supposed to be placed 
nearly in 52° north latitude, which is nearly the latitude 
of London. Those who reside in latitudes between 40° and 
45°, as the inhabitants of Philadelphia, New York, Hart- 
ford, Boston, Montreal, Madrid, Rome, etc., would require 


to postpone their observations until ‘a little after half-past | 


six in the evening, and to make a small allowance for the 
elevations, above stated, of certain stars above the horizon. 
In most other respects, the appearance .of Somenrens to 


the inhabitants of such places, will be the same Bere de- 
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elevation, and are nearly half way between the 
eastern horizon and the south; that the Bull’s-eye, 
a bright ruddy star, which was before invisible, is 


now seen a little to the eastward of the Pleiades; 
and that bright constellation O ion, which in the 
former observation was below the horizon, is now 
distinctly visible in: the east and south-east; and 
the star Capella midway between the horizon and 
the zenith. The stars Altair and Lyra, which 
were before nearly south, have descended 
than half-way toward ‘the western horizon.— 
The star Arcturus is no longer visible, having 
sunk beneath the horizon; and many stars in 
the eastern quarter of the heavens, which were 
formerly unseen, now make their appearance at 
different elevations. iThe stars of the Great Bear, 
particularly the two pointers, which were former-, 
ly to the west of the north point, have mow passed 
to the east of it. 
their position may be thus represented. 


lore 


At twelve o’clock, midnight, 


% 


Fig. 2. 
North. 





West. 


The pointers now appear considerably to the 
eastward of the north. point, and considerably 
more elevated than before, while the stars in the 
tail appear much lower. About three o’clock 
next morning the pointers will appear nearly due 
east from the pole-star, and at the same elevation 
above the horizon;) and the other'stars in that 
constellation will be seen hanging, as it were, 
nearly perpendicularly below them. At this hour 
the Pleiades, or seven stars, will appear to have 
moved twenty-five degrees past the meridian to 
the west, and the brilliant constellation Orion will 
be seen nearly due south. The bright star Ca- 
pella now appears nearly in the zenith, or point 
directly over our heads; Lyra is in the horizon, 
nearly due north, and Altair has descended below 
the western horizon. At six in the morning, the 
seven stars will be seen in the west, only a short 
distance above the horizon; and all the other stars 
to the eastward of them will. be found to have 
made a considerable progress toward the west.— 
At this hour the stars of the Great Bear will ap- 
pear near the upper part of the heavens, and the 
pointers not far from the zenith. Their position 
at this time is'shown in the following figure. 

Here the pointers appear elevated a great way 
above the pole-star, whereas, in the observation at 
six in the evening, the whole constellation ap- 
peared far below it. At eight in the morning, the 
whole of the constellation would be seen nearly 
overhead, were the stars then visible; at twelve, 
noon, it would appear toward the west, at a con- 
siderable elevation; and at six in the evening, it 
would again return to its former position, as noted’ 
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in our first observation. The following figure 
represents the position of Ursa Minor, or the Les- 
ser Bear, at four different periods during twenty- 
four hours. 








At six in the evening, about the beginning of 
November, Ursa Minor will be nearly in the posi- 
tion represented on the left at A, nearly straight 
west from the pole-star, which appears in the cen- 
ter. Six hours afterward, or at twelve, midnight, 
it will appear below the pole, in the position 
marked B; at six next morning, it will appear 
opposite to its first position, as represented on the 
rigkt at C; at twelve, noon, it will appear above 
the pole, as represented at D; but in this position 
it cannot be seen in November, or during the 
winter months, as the stars at that time of the 
day are eclipsed by the light of the sun. At six 
in the evening it again returns to its former posi- 
tion. Sach are the general appearance and appa- 
rent. motions of all the stars in the northern 
hemisphere, within fifty-two degrees of the pole, 
to a spectator situated in 52° of north latitude. 
They all appear to perform a circuit, in the 
course of twenty-four hours, around a point 
which is the center of their motion, near to which 
‘is the pole-star. All the stars within this range 
never set, but appear to describe complete circles, 
‘of different dimensions, around the pole and 
above the horizon. When they are in the lower 
part of their course, or beneath the pole, they ap- 
pear to move from west to east; but when in the 
higher part of their course, their apparent motion 
‘is from east to west; and all their circuits are com- 
pleted in exactly the same period of time, namely, 
twenty-three hours, fifty-six minutes, and four 
seconds. 

Let us now, consider the appearances which 
prea themselves in the other quarters of the 


‘heavens. If we turn our eyes a little to the left 
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Jof the south, near to that point.of the compass 
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called south-south-east, and observe a star near 
the horizon, such as the star Fomalhaut, in the 
Southern Fish, it will appear to rise to a very 
small altitude when it comes to the meridian, only 
about six degrees, and in about five hours it will 
set near the point south-south-west, having de- 
scribed a very small are of a circle above the 
horizon. If we direct our attention to the south- 
east, and observe any bright star, such as Sirius, 
or the Dog-star, in the horizon, it will make a 
larger circuit over the southern sky, and will re- 
main about nine hours above the horizon before 
it sets in the south-west. If we look due east, 
and see a star, such as Procyon in the constella- 
tion of the Lesser Dog, rising, it will remain 
about twelve hours above the horizon, and will 
set’in the west. If we look to the north-east, 
and perceive any stars, such as Castor and Pollux, 
beginning to appear, they will make a large cir- 
cuit round the heavens, such as the sun describes 
in the month of June, and, after the period of 
about eighteen hours, will set in the north-west. 
Such are the general appearances and the ap- 
parent motions of the heavens which present 
themselves when viewed from our northern lati- 
tude. Were we to take our station near the Gulf 
of Guinea, in the: island of Sumatra, or Borneo, 
in the Gallipago Isles, in the city of Quito, in 
South America, or on any other point of the 
globe near the equator, the motions of the stars 
would appear somewhat different. The pole- 
star, instead of being at a high elevation, as in 
our latitude, would be in the horizon. All the 
stars would appear to rise and set, and the time of 
their continuance above the horizon would be 
precisely the same. The stars which rise in the 
east would ascend to the zenith, and pass directly 
overhead, in. the course of six hours; and in 
another sx hrs they would descend to the ‘hori- 
zon, and set in the western point. The -stars, 
near the northern and southern points would ap- 
pear to describe small semicircles above the hori- 
zon during the same time, and their motion would 
appear much slower. The Great Bear, which 
never sets in our latitude, would be above the 
horizon only during the one-half of its circuit. 
Many stars and constellations would appear in 
the southern quarter of the sky which we never 
see in our latitude. Every star would be found 
to remain exactly twelve hours above and twelve 
hours. below the horizon, and all the visible stars 
in the firmament might, from such a position be 
perceived in the course of a year. Were we to 
take our station in the southern hemisphere, in 
Valdivia, Botany Bay, or Van Dieman’s Land, the 
heavens would present a different aspect from any 
of those we have yet contemplated. The north 
pole-star, the Great Bear, and other neighboring 
constellations, would never appear above the hori- 
zon. Many of the stars which we now see in 
the south would appear in the north. The south 
pole would appear elevated about forty degrees 
above the horizon, and yarious clusters of stars 
would be seen revolving round it, as the Great 
Bear and other constellations do around the north 
pole. In fine, could we take our station at ninety 
degrees of north latitude, or, in other words, at 
the north pole of the world, we should just see 
one-half of the stars of heaven, and no portion of 
the other half would ever be visible. These stars 
ould appear neither to rise nor set, nor yet to 
[stand still. They would appear to move round 
the whole heavens, in circles parallel to the hori- 
zon, every twenty-four hours; and on every clear 


evening, all the stars that are ever visible in that 
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hemisphere may be seen. The stars, however, 
that appear in a certain direction at any particular 
hour, wili appear at the same elevation in the op- 
posite direction, twelve hours afterward; and 
during nearly six months no stars will be seen. in 
the sky. He 

The apparent motion of the.heavens may at 
any time be perceived by fixing on any star that 
appears nearly in a line with a tree, a spire, or 
any other fixed object, and in the course of a few 
minutes its motion will be perceptible; or, fix a 
common telescope upon a pedestal, and direct it to 
any star, and in three or four minutes it will be 
seen to have passed out of the field of view. In 
the description now given, I have spoken of the 
pole-star as if it were actually the pole, or the 
most northerly point of the heavens. But it may 
be proper to state, that though it is the nearest 
large star to that point, it is not actually in the 
poles it is somewhat: more than a degree anda 

alf from the polar point, and revolves around 
that point, in a small circle, every twenty-four 
hours. This motion may be perceived by direct- 
ing a telescope of a moderate magnifying power 
to this star, and fixing it in that position, when, in 
the course of an hour or two, it will be found to 
have moved beyond the field of view. — 

All the observations above stated (excepting 
those supposed to have been made at the equator, 
and in southern latitudes) may be accomplished 
in the course of two or three evenings, without 
incurring the loss of-a couple of hours; for each 
observation may be made in the space of five or 
ten minutes. Every inhabitant of the globe has 
an opportunity, if he choose, of observing the as- 
pect of the heavens in the manner now described, 
excepting, perhaps, those who, live in dark. and 
narrow lanes, in large cities, where the sky is 
scarcely visible; the most unnatural situations in 
which human beings can be placed, and which 
ought no longer to remain as the abodes of men. 
And the man who will not give himself the trou- 
ble of making such observations on the starry 
heavens deserves to remain in ignorance of the 
most sublime operations of the Creator. 

Let us now consider what is the conclusion we 
ought to deduce from our observations respecting 
the apparent motions of the heavens. All the 
phenomena which we have described, when duly 
considered and compared together, conspire to 
show that the whole celestial vault performs an ap- 
parent revolution round the earth, carrying, as. it 
were, all the stars along with it, in the space of 
twenty-four hours. This may be plainly demon- 
strated by means of a celestial globe, on which 
all the visible stars are depicted. hen the north 
pole is elevated fifty-two degrees above the north- 
ern horizon, and the globe turned round on its 
axis, all the variety of phenomena formerly de- 
scribed may be clearly perceived. 

Here, then, we have presented to view a scene 
the most magnificent and sublime. All the bright 
luminaries of the firmament revolving in silent 
grandeur. around our world; not only the stars 
visible to the unassisted eye, but all the ten thou- 
sands and millions of stars which the telescope 
has enabled us to descry in every region of the 
heavens, for they all seem to partake of the same 
general motion. If we could suppose this motion 
to be real, it would convey to the mind the most 
magnificent and impressive idea which could pos- 
sibly be formed of thé incomprehensible energie 
of Omnipotence. For here we have presented to 
view, not only ten thousand times ten thousands 
of immense globes, far superior to the whole earth 
in magnitude, but the greater part of them carried 


Vou. IL.—12 


‘hundred billions of miles. 





‘> 


4 


4 


“6 


round in their revolutions with a velocity that 
baffles the power of the most capacious mind to 
conceive. In this case, there would be millions 
of those vast luminaries, which behooved to move 
at the rate of several thousands of millions of 
miles in the space of a second of time. For in pro- 
portion to the distances of any of these bodies 
would, be the rapidity of their motions. The 
nearest star would move more than fourteen hun- 
dred millions of miles during the time in wth 
the pendulum of a clock moves from one side to 
another; but there are’ thousands of stars visible 
through our telescopes ‘at least a hundred times 
more distant, and whose distance cannot be less 
than 2,000,000,000,000,000, or two thousand bil- 
lions of miles. This forms, the radius, or half — 
diameter of a circle, whose circumference is about 
12,500,000,000,000,000, or twelve thousand five 
Around this cireum- 
ference, therefore, the star behooved to move every 
day. In a sidereal day of twenty-three hours, 
fifty-six minutes, and four seconds, there are 
86,164 seconds. Divide the number of miles in 
the circumference by the number of seconds in a 
day, and the quotient will be somewhat:more than 
145,000;000,000, or one hundred and forty-five 
thousand millions, which is the number of miles 
that such a star would move in the space of a 
second, or during, the a ion of an artery, were 
the celestial vault to be considered as really in 
motion; a rate of motion more than a hundred 
thousand millions of times greater than that of a 
cannon ball, and seven hundred thousand times ~ 
more rapid than the motion of light itself, which 
is considered the swiftest motion in nature. 

The idea of such astonishing velocities com- 
pletely overpowers the human imagination, and is 
absolutely inconceivable. We perceive no objects 
or motions connected with our globe that can as- 
sist our imagination in forming any definite con- 
ceptions on this subject. The swiftest impulse 
that was ever given to a cannon ball, or any other 
projectile, sinks into nothing in the comparison. 
Were we transported to the planet Saturn, and 
placed on its equatoria] regions, we should behold 
a stupendous arch, thirty thousand miles in 
breadth, and more than six hundred thousand 
miles in circumference, revolving around us every 
ten hours, at the rate of a thousand miles in a 
minute, and sixty thousand miles every hour.— 
But even this astonishingly rapid motion would 
afford us little assistance in forming our concep- 
tions, as it bears no comparison with the motions 
to which we have now adverted. It becomes, 
those persons, therefore, who refuse to admit the 
motion of the earth, to consider, and to ponder with 
attention, the only other alternative which must be 
admitted, namely, that all the bodies of the firma- 
ment move round the earth every day with such 
amazing velocities as have now been stated. If it 
appear wonderful that this globe of the land and 
water, with all its mighty cities and vast popula- 
tion, moves round its axis every day at the rate of 
a thousand miles an hour, how much more won- 
derful, and passing all comprehension, that my- 
riads of huge globes should move round the earth 
in the same time with such inconceivable rapidity. 
If we reject the motion of the earth because it is 
incomprehensible and contrary, to all our precon- 
ceived notions, we must, on the same ground, 
likewise reject the motion of the heavens, which 





lis far more difficult to be conceived, and conse- 


quently fall into downright skepticism, and reject 
even the evidences of our senses as to what ap- 
pears in the economy of nature. Such views 
and considerations, however, teach us that, in 


a * 
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whatever point of view we contemplate the works 
of the Almighty, particularly the scenery of the 
heavens, the mind is irresistibly inspired with sen- 
timents of admiration and wonder. To the vul- 
gar eye as well as to the philosophic, “ the heavens 
declare the glory of God.” Their harmony and 


order evince his wisdom and intelligence; and the | p 


numerous bodies they contain, and the astonishin 
motions they exhibit, on whatever hypothesis they 
are contemplated, demonstrate both to the savage 
and the sage the existence of a power which no 
created being can control. 
‘‘ View the amazing canopy! 
The wide, the wonderful expanse! 

+ ”. Let each bold infidel agree 

: That God is there, unknown to chance.” 

’ We cannot, however, admit, in consistency with 
the dictates of enlightened reason, that the appa- 
rent diurnal movements of the stars are the real 
motions with which these bodies are impelled.— 
For, in the first place, such motions are altogether 
unnecessary to produce the effect intended, name- 
ly, the alternate succession of day and night with 
respect to our globe; and we know that the Al- 
mighty does nothing in vain, but employs the 
most simple means to accomplish the most aston- 
ishing and important ends. The succession of 
day and night can be accomplished by a simple 
rotation of the earth from west to east every 
twenty-four hours, which will completely account 
for the apparent motion of the heavens, in the 
same time, from east to west. This we find to be 
the case with Jupiter’ and Saturn, which are a 
thousand times larger than the earth, as well as 
with the other planets, which have a rotation 
round their axes, some in ten hours, some in 
twenty-three, and some in ten hours and a half; 
and consequently, from the surfaces of these bo- 
dies the heavens will anpear to revolve around 
them in another direction from what they do to 
us, and, in certain instances, with a much greater 
degree of velocity. We must therefore conclude 
that our motion every day toward the east causes 
the heavens to appear as if they moved toward 
the west; just as the trees and houses on the side 
of a narrow river appear to move to the west 
when we are sailing down its current in a steam- 
boat toward the east. 

2. Because it is impossible to conceive that so 
many bodies of different magnitudes, and at diffe- 
rent distances from the earth, could all have the 
same period of diurnal revolution. The sun is 
four hundred times farther from us than the moon, 
and is sixty millions of times larger. Saturn and 
Herschel are still further from the earth; the 
comets are of different sizes, and traverse the hea- 
vens in all directions and at different distances; 
the fixed stars are evidently placed at different dis- 
tances from the earth and from each other; yet all 
these bodies have exactly the same period of revo- 
lution, even to a single moment, if the heavens 
revolve around the earth, and that, too, notwith- 
standing the other motions, in various directions, 
which many of them perform. It is, therefore, 
much more natural and reasonable to suppose that 
the earth revolves around its axis, since this cir- 
cumstance solves all the phenomena and removes 
every difficulty. 

3. Because such a rate of motion in the heavenly 
bodies, if it could be supposed to exist, would soon 
shatter them to atoms. Were a ball of wood to b 
projected from a cannon at the rate of a thousand 
miles an hour, in a few moments it would be re- 
duced to splinters; and hence the forage and other 
soft aapeiances projected from a musket or a piece 
of ordnance are instantly torn to pieces. What, 
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then, might be supposed to be the consequence, 
were a body impelled through the regions of space 
with a velocity of a hundred and forty thousand 
millions of miles in a moment of time? It would 
most assuredly reduce to atoms the most compact 
bodies in the universe, although they were com- 
oséd of substances harder than adamant. But 
as the fixed stars appear to be bodies of a nature 
somewhat similar to the sun, and as the sun is 
much less dense than the earth, and only a little 
denser than water, it is evident that they could 
not withstand such a rapidity of motion, which 
would instantly shatter their constitution, ‘and 
dissipate every portion of their substance through 
the voids of space. 

4.-Because there is no known instance in the uni- 
verse (if that to which we are now adverting be 


excepted) of a larger body revolving around a 


smaller.. The planet Jupiter does not revolve 


around his satellites, which are a thousand times 


less than that ponderous globe, but they all re- 
volve around him; nor does the earth, which is 
fifty times larger than the moon, revolve around 
that nocturnal luminary, but she regularly revolves 
about the earth, as the more immediate center of 
her motion. The sun does not perform his revo- 
lution around Venus or Mercury, but these pla- 
nets, which are small, compared with that mighty 
orb, continually revolve about him as the center 
of their motions. Neither on earth nor in the 
heavens is there an instance to be found contrary 
to this law, which appears to pervade the whole 
system of universal nature; but if the diurnal 
revolution of the stars is to be considered as their 
proper motion, then the whole universe, with all 
the myriads of huge globes it contains, is to be 
considered as daily revolving around an inconside- 
rable ball, which, when compared with these lu- 
minaries, i ly asan atom to the sun, or as the 
smallest particle of vapor to the vast ocean. 

5. The apparent motion of the heavens cannot 
be admitted as real, because it would confound ail 
our ideas of the intelligence of the Deity. While it 
tended to exalt our conceptions of his omnipo- 
tence to the highest pitch, it would convey to us 
a most unworthy and distorted idea of his wisdom. 
Wisdom is that perfection of an intelligent agent 
which enables him to proportionate one thing to 
another, and to devise the most proper means in 
order to accomplish important ends. We infer 
that an artist is a wise man from the nature of 
his workmanship, and the methods he employs to 
accomplish his purposes. We should reckon that 
person foolish in the extreme who should con- 
struct, at a great expense, a huge and clumsy piece 
of machinery for carrying round a grate, and the 
wall of a house to which it is attached, for the 
purpose of roasting a small fowl placed in the 
center of its motion, instead of making the fowl 
turn round its different sides to the fire. We 
should consider it as the most preposterous pro- 
ject that was ever devised were a community to 
attempt, by machinery, to make a town and its 
harbor move forward to meet every boat and 
small vessel that entered the river on which it was 
situated, instead of allowing such vehicles to move 
onward as they do at present. But none of these 
schemes would be half so preposterous as to sup- 
pose that the vast universe moves daily round an 
inconsiderable ball, when no end is accomplished 
by such a revolution but what may be effected in 


the most simple manner. Such a device, therefore, 


cannot be any part of the arrangements of Infi- 
nite Wisdom. It would tend to lessen our ideas 
of the intelligence of that adorable Being who is 


| wonderful in counsel and excellent in working,” 
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who “established the world by his wisdom, and 
stretched out the heavens by his understanding,” 
and whose wisdom as far excels that of man as 
the ‘heaven in its hight surpasses the earth.’’— 
This argument alone [ consider as demonstrative 
of the position we are now attempting to support, 

The above are a few arguments which, when 
properly weighed, ought to carry conviction to 
the mind of every rational inquirer, that the gen- 
eral motion which appears in the starry heavens 
is not real, but is caused by the rotation ‘of ‘the 
earth round its axis every day, by which we and 
all the inhabitants of the globe are carried round 
ina regular and uniform motion from west to 
east. When this conclusion is admitted, it re- 
moves every difficulty and every disproportion 
which at first appeared in the motions and ar- 
rangements of the celestial orbs, and reduces the 
system of the universe to a scene-of beauty, har- 
mony and order worthy of the infinite wisdom 
of Him who formed the plan of the mighty fabric, 
and who settled “the ordinances of heaven.’’ In- 
stead, then, of remaining in a state of absolute 
rest, as we are at first apt to imagine, we are trans- 
ported every moment toward the east with a mo- 
tion ten’ times more rapid than has ever been 
effected by steam-carriages or air-balloons. It is 
true, we do not feel this motion, because it is 
smooth and uniform, and is never interrupted. 
The earth is carried forward in‘its course, not like 
a ship in the. midst of a tempestuous ocean, but 
through a smooth ethereal sea, where all is calm 
and serene, and where no commotions to disturb 
its motion ever arise. Carried along with a velocity 
which is common to everything around us, we are 
in a state somewhat similar to that of a person in 
a ship which is sailing with rapidity ina smooth 
current; he feels no motion except when a large 
wave or other body happens to dash against the 
vessel; he fancies himself at test, while the shore, 
the buildings, and the hills appear to him to move; 
but the smallness of the vessel, compared with the 
largeness of the objects which seem to move, con- 
vinces him that the motion is connected with the ship 
in which hesails: and on similar principles we infer 
that the apparent motion of the heavens is caused 
by the real motion of the earth, which carries us 


along with it as a ship carries its passengers along. 


the sea. With regard to motion, it may be ob- 
served, that, strictly speaking, we do not perceive 
any motion either in the earth or in the heavens. 
When we look ata star with the utmost steadi- 
ness, we perceive no motion, although we keep 
our eye fixed upon it for a few minutes; but, if 
we mark the position of the star with regard to a 
tree or a chimney top, and, after an hour or two, 
view the star from the same station, we shall find 
that it then appears ina different direction. Hence 
we infer that motion has taken place; but whether 
the motion be in the star or in the persons who 
have been observing it, remains still to be deter- 
mined. We perceive no motion in the star any 
more than we feel the motion of the earth. All 
that we perceive is, that the two objects: have 
changed their relative positions; and, therefore, 
the body that is really in motion must be deter- 
mined by such considerations as we have stated 
above. ; 

Beside the apparent diurnal revolution of the 
heavens, there is another apparent motion which 
requires to be considered. It is well known to 
every one who has paid the least attention to this 


subject, that we do not perceive the same clusters | 


of stars at every season of the year. If, for ex- 
ample, we take a view of the starry heavens on 
the first of October, at ton o’clock in the evening, 
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and again, at the same hour, on the first of April, 
we shall find that the clusters of stars in the south- 
ern parts of the heavens are, at the latter period, 
altogether different from those which appeared in 
the former; and those which are in the neighbor- 
‘hood of the pole will appear in a different position 
in April from what they did at the same hour in 
the month of October. The square of the Great 
Bear, for example, will appear immediately below the 
pole-star in October; whereas in April it will ap- 
pear as farabove it, and near to the zenith. In the 
former case, the two stars called the Pointers will 
point wpward to the pole, in the latter case they 
will point downward. In October this constella- _ 
tion will appear nearly in the position represented 
‘in fig. 1 (p. 13); in April itewill appear nearly as 
represented in fig. 3 (p.13). These variations in the 
appearance of the stars lead us to conclude that 
there is an apparent annual motion in these lumi- 
naries. This motion may be observed,.if we take 
hotice, for a few days or weeks, of those stars 
which are situated near the path of the sun 
When we see a bright star near the western hori- 
zon, a little elevated above the place where the 
sun went down, if we continue our cbservation 
we shall find that every day it appeurs less elevated 
at the same hour, and scems to be gradually ap- 
proaching to the point of the heavens in which 
the sun is situated, until, in the course of a week 
or two, it ceases to be visible, being overpowered 
by the superior brightness of the sun. In the 
veourse of a munth-@r two the same star which 


| disappeared in the west will be seen rising some 


time before the sun in the east, having passed from 
the eastern side of the sun to a distance consider- 
ably westward of him. The stars in the western 
quarter of the heavens which appeared more ele- 
vated will be found graduaily to approximate to 
the sun, until they likewise disappear; and in this 
manner all the stars of heaven seem to have a 
revolution, distinct from their diurnal, from east 
to west, which is accomplishéd in the course of a. 
ear. 

The different positions of the Pleiades, or seven 
stars, at different seasons of the year, will afford 
every observer an opportunity of perceiving this 
motion. About the middle of September these 
stars will be seen, about eight o’clock in the even- 
ing, a little to the south of the north-east point of 
the horizon; about the middle of January, at the 
same hour, they will be seen on the meridian, or 
due south; on the first of March they will be seen 
half-way between the zenith and the western ho- 
rizon; about the middle of April they will appear 
very near the horizon; soon after which they will 
be overpowered by the solar rays, and will remain 
invisible for nearly two months, after which. they 
will re-appear in the east, early in the morning, 
before the rising sun, 

This annual motion of the stars evidently indi- 
cates that the sun has an apparent motion every 
day from west to east, contrary to his apparent di- 
urnal motion, which is from east to west. This 
apparent motion is at the rate of nearly a degree 
every day, a space nearly equal to twice the sun’s 
apparent diameter. In this way the sun, appears 
to describe a circle around the whole heavens, 
from west to east, in the course of a year. This 
apparent motion of the sun is caused by the an- 
nual revolution of the earth around the sunas the 
center of its motion, which completely accounts 
for all the apparent movements in the sun and 
stars to which we have now adverted. If we place 
a candle upon a table in the midst of a room, and 
walk round it in a circle, and, as we proceed, 
mark the different parts of the opposite walls with 
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which the candle appears coincident, when we 
have completed our circle the candle will appear 


to have made a revolution round the room. If the | 


walls be conceived to represent the starry heavens, 
and the candle the sun, it will convey a rude idea 
of the apparent motion of the sun, and the dif- 
ferent clusters of stars which appear at different 
seasons of the year in consequence of the annual 
motion of the earth. But this subject will be 
more particularly explained in the sequel. 


From what we have now stated in relation to) 


the apparent motions of the heavens, we are ne- 
cessarily led to conevive of the earth as a body, 
placed, as it, were, in the midst, of infinite space, 
and surrounded in every direction, above, below, 
on the right hand and on the left, with the lumi- 
naries of heaven, which display their radiance 
from every quarter at immeasurable distances; 
and that its annual and diurnal motions account 
for all the movements which appear in the celes- 
tial sphere. Hence it is a necessary conclusion, 
that we are surrounded at all times with a host of 
stars, in the day-time as well as in the night, al- 
though they are then imperceptible. The reason 
why they are invisible during the day is obviously 
that their fainter light is overpowered by the more 
vivid splendor of the sun and the reflective power 
of the atmosphere. But although they are then 
imperceptible to the unassisted eye, they can be 
distinctly perceived, not only in the mornings and 
evenings, but even at noonday, while the sun is 
shining bright, by means of telescopes adapted to 
an equatorial motion; and in this way almost 
every star visible to the naked eye at night can be 
pointed out, even amid the effulgence of day, 
when it is within the boundary of our hemisphere. 
When the stars which appear in our sky at night 
have, in consequence of the rotation of the earth, 
passed from our view, in about twelve hours after- 
ward they will make their appearance nearly in 
the same manner to those who live on the oppo- 
site side of the globe; and when they have cheer- 
ed the inhabitants of those places with their radi- 
ance, they will again return to adorn our nocturnal 
sk 





On the whole, the starry heavens present, even 
to the vulgar eye, a scene of grandeur and magnifi- 
cence. We know not the particular destination of 
each of those luminous globes which emit their 
radiance to us from afar, or the specific ends it. is 
‘intended to subserve in the station which it occu- 
(pies, though we cannot doubt that all of them an- 
-swer purposes in the Creator’s plan worthy of his 
.perfections and of their magnitude and grandeur; 
tbut we are certain that they have, at least, a re- 
mote relation to man, as well as to other beings 
far removed from us, in the decorations they throw 
around his earthly mansion. They serve as a 
-glorious ceiling to his habitation. Like so many 
thousand sparkling lusters, they are hung up in 
‘the magnificent canopy which covers his abode. 
‘He perceives them shining and glittering on every 
hand, and the dark azure which surrounds them 
contributes te augment their splendor. The va- 
tiety of luster which appears in every star, from 
those of the sixth magnitude to those of the first, 
and the multifarious ative of the different con- 
stellations, present a scene as diversified as it is 
‘brilliant. What are all the decorations of a Vaux- 
hall Garden, with its thousands of variegated 
Jamps, compared with ten thousands of suns, dif- 
fusing their beams over our habitation from re- 
gions of space immeasurably distant? A mere 
gewgaw incomparison; and yet thereare thousands 
who eagerly flock to those gaudy shows who have 
‘never spent an hour in contemplating the glories 
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of the firmament, which may be beheld “ without 
money and without price.” That man who has 
never looked up with serious attention to the mo- 
tions and arrangements of the heavenly orbs must 
be inspired with but a slender degree of reverence 
for the Almighty Creator, and devoid of taste for 
venjoying the-beautiful and the sublime. 

‘The stars not only adorn the roof of our sublu- 
nary mansion, but they are also, in many respects, 
useful to man. ‘Their influences are placid and 
gentle. Their rays, being dispersed through 
spaces so vast and immense, are entirely destitute 
of heat by the time they arrive at our abode; so 
that we enjoy the view of a more numerous as- 
semblage of luminous globes without any danger 
of their destroying the coolness of the night or 
the quiet of our repose. They serve to guide, the 
traveler: both by sea and land; they direct the 
navigatorin tracing his course from one conti 
nent to another through the pathless ocean 
They serve “for signs and for seasons, and for 
days and years.” ‘They direct the labors of the 
husbandman, and determine the return and con- 
clusion of the season. They serve as a magnifi- 
cent “timepiece’’ to determine the true length of 
the day and of the year, and to mark with accu- 
racy all their subordinate divisions. They assist 
us in our commerce, and in endeavoring to pro- 
pagate religion among the nations, by showing us 
our path to every region of. the earth. They 
have enabled us to measure the circumference of 
the globe, to ascertain the density of the materials 
of which it is composed, and to determine the 
exact position of all places upon its surface. They 
cheer the long nights of several months in the 
polar regions, which would. otherwise be over- 
spread with impenetrable darkness. Above all, 
they, open a prospect into the regions of other 
worlds, andggnd to amplify our views of that Al- 
mighty Being who brought them into existence 
by his power, and “whose kingdom ruleth over 
all.’ In these arrangements of the stars: in 
reference to our globe, the Divine wisdom and 
goodness may be clearly perceived. We enjoy 
all the advantages to which we have alluded as 
much as if the stars had been created solely for 
the use of our world, while, at the same time, 
they serve to diversify the nocturnal sky of other 
planets, and to diffuse their light and influence 
over ten, thousands of other worlds with which 
they are moré immediately connected; so that, in 
this respect, as well as in every other, the Al- 
mighty. produces the most sublime and diversified 
effects by means the most simple and economi- 
cal, and renders every part of the universe 
subservient to another, and to the good of the 
whole. 

Before proceeding further, it may be expedient 
to explain the measures by which‘ astronomers 
estimate the apparent distances between any two 
points of the heavens. Every circle is supposed 
to be divided into 360 equal parts. A circle which 
surrounds the concavity of the heavens, as that 
which surrounds an artificial globe, is divided into 
the same number of parts. The number 360 is 
entirely arbitrary, and any other number, hac 
mathematicians chosen, might have been fixed 
upon: and hence the French, in their measures 
of the circle, divide it into 400 equal parts or de- 
grees; each degree into 100 minutes, and each 
minute into 100 seconds. The reason why the 
number 360 appears to have been selected, is, that 
this number may be divided into halves, quarters, 
and eighths, without a fraction; and, perhaps, be- 
cause the year was, in former times, supposed to 
contain about 360 days. Each degree is divided 
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into’sixty minutes, each minute into sixty seconds, 
each second into sixty thirds, &c. Degrees are 
marked thus, 9; minute, ‘; seconds, ’; thirds, ’’. 
Thus the obliquity of the ecliptic for January Ist, 
1836, was twenty-three degrees, twenty-seven 
minutes, forty-two seconds, which are thus ex- 
pressed, 23° 27’ 42”. ; 

It may not be improper to remark, that when 
we state the number of degrees between two 
objects, either on the earth or in the heavens, it is 
not intended to express the real distance, but only 
the relative or apparent distance of the objects.’ 
Thus, when we say that two places on the 
earth, which lie directly north and south of each 
other, are twenty degrees distant, it does not con- 
vey an idea of the actual distance of these places 
from each other, but. only what proportion of the 
earth’s circumference intervenes between them. 
If, however, we know the number of yards or 
miles contained in that circumference, or in a 
single degree of it, we can then find the actual 
distance, by multiplying the number of degrees 
by the number of miles in a degree. But this 
supposes that the extent of a degree on the earth’s 
surface has been measured, and the number of 
yards or miles it contains ascertained. In like 
manner, when we say that two stars in the hea- 
vens are fifteen degrees from each other, this 
merely expresses their relative position, or what 
portion of a great circle of the celestial sphere 
intervenes between them, but determines nothing 
as to their real distance, which is far surpassing 
our comprehension. The real magnitude of ob- 
jects or spaces in the heavens depends upon their 
distance. Thus, the apparent breadth or diameter 
of the moon is about half a degree, or nearly 
thirty-two minutes, and that of the sun nearly 
the same; but as the moon is much nearer to us| 
than the sun, a minute of a degree on her surface | 
is equal only to about seventy es, while a_ 
minute on the sun’s surface is equal to more than) 
28,000 miles, which is four hundred times greater. 
The greatest apparent diameter of Saturn is 
twenty seconds, or one-third of a minute; the 
greatest diameter of Venus is fifty-eight seconds, | 
or nearly a minute; but as Saturn is much farther 
from us than Venus, his real diameter is 79,000 
miles, while that of Venus is only 7,700. Before 
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the real diameter of any object in the heavens: can 
be determined, its distance must be first ascer- > 


‘tained. 


Those who have never been in the practice of 
applying angular instruments to the heavens may 
acquire a tolerably correct idea of the extent of 
space which is expressed by any number vf de- 
grees by considering that the apparent diameters 
of the sun and moon are about half a degree; 
that the distance between the two pointers in the 
Great, Bear is about five degrees; that the distance 
between the pole-star and the nearest pointer is 
twenty-nine degrees ; that the distance between 
the Pleiades and the ruddy star Aldebaran, which 
lies to the eastward of these stars, is fourteen de- 
grees; that the distance between Castor and Pol- 
lux is five degrees; and the distance between Bel- 
latriz and Betelguese, the stars in the right and 
left shoulder of Orion, is eight degrees. Perhaps 
the most definite measure for a common observer 
is that which is to be found in the three stars in a 
straight line which form. the belt of Orion, which 
are known to every one, and which are distin- 
gushes in England by the name of the Three 

ings, or the Ell and Yard, and in Scotland by 
“ The Lady’s Elwand.”’? The line which unites 
these three stars measures exactly three degrees, 
and, consequently, there is just one and a half 
degree between the central star and the one on 
each side of it. By applying this rule or yard to 
any of the spaces of the firmament, the number 
of degrees which intervenes between any two ob- 
jects may be nearly ascertained. Orion is the 
most striking and splendid of all the constellations; 
and as the equator runs through the middle of it, 
it is visible from all the habitable parts of the 
globe. About the middle of January it is nearly 
due south at nine o’clock in the evening. } 

Ihave been somewhat particular in the above 
sketches of the apparent motions and phenomena 
of the heavens, because such descriptions are sel- 
dom or never given in elementary treatises; be- 
cause I wish every lover of the science of astro- 
nomy to contemplate with his own eyes the 
scenery of the sky; and because such views and 
observations of the general aspect of the heavens 
are necessary in order to understand the true sys- 


tem of the universe. 


1th apart ad 


ON THE GENERAL ARRANGEMENT OF THE PLANETARY SYSTEM. 


Wuen we take an attentive view of the noc- 
turnal heavens at different periods, we find that 
the stars never shift their positions with respect to 
each other. The stars, for instance, that form the 
constellation of Orion, preserve the same relative 
positions to each other every succeeding day, and 
month, and year. They exhibit the same general 
figure which they presented in the days of our 
fathers, and even in the times of Amos and of 
Job. We never see the three stars in the belt, 
which Job calls “the bands of Orion,’’ move 
nearer to, or farther from, each other We never 
see the pointers in the Great Bear directed on any 
ether line than, toward the pole-star, nor do we 
seo Aldebaran to the north or south, or to the 
west, of the seven stars; and tho same may be 





said, with two or three exceptions, in regard to 
all the stars in the heavens, which preserve inva- 
riably the same general relations to each other 
from one year and century to another. Hence 
they have been denominated fixed stars. But 
when an attentive observer surveys the heavens 
with minuteness, he will occasionally perceive 
some bodies that shift their positions. When the 
movements of these bodies are carefully marked, 
they will be found. to direct their course some- 
times to the east, at other times to the west, and 
at certain times to remain in a fixed position; but 
onthe whole, their motion is generally from west 
to east. Their motion is perceived by their ap- 
pearing sometimes on one side of a star and some 
times on another. They appear to partake of 


20. 


the general diurnal ‘motion of the heavens,*and | 


rise and set with the stars to which they are adja- 
cent. These bodies have received the name of 
planets, that is, wandering stars; and, indeed, 
were their real motions such as they appear to a 
common observer, the name would be exceedingly 
appropriate. For their apparent motions are, in 
many instances, exceedingly irregular; and, were 
they delineated on paper, or attempted to be ex- 
hibited by machinery, they would appear an 
almost inextricable maze. T’en bodies of this de- 
scription have been discovered in the heavens, 
five of which aré invisible to the naked eye, and 
can only be perceived by means of telescopes. 
They were; of course, unknown to the ancients. 
The names of the five which have been known in 
all ages are, Mercury, Venus, Mars, Jupiter, and 
Saturn. The names of the other five, which 
have been discovered ‘within the last sixty years, 
are, Vesta, Juno, Ceres, Pallas, and Uranus, or 
Herschel. : ; 

It was long before the true magnitudes and real 
motions of these globes were fully ascertained.— 


Most of the ancient astronomers supposed that» 


the earth was a quiescent body in the center of 
the universe, and that the planets revolved around 
it in so many different heavens, which were near- 
ly concentric, and raised one above another in a 
certain order. ‘The first or lowest sphere was the 
Moon, then Mercury, and, next in order, Venus, 
the Sun, 1 , Jupiter, Saturn,’and then the 
sphere of t xed stars. They found it no easy 
matter to reconcile the daily motion, which car- 
ries the stars from east to west, with another pe- 
culiar and slow motion, which carries them round 
the poles of the ecliptic, and from west to east, in 
‘the period of 25,000 years; and, at the same time, 
with a third motion, which carries them ‘along 
from east to west in a year, around the poles of 
the ecliptic. They were no less at a loss how to 
reconcile the annual and daily motions of the 
sun, which are directly contrary to each other.— 
An additional difficulty was found in the particu- 
lat course pursued by each individual planet. It 
required no little ingenuity to invent celestial ma- 
chinery to account for all the variety of motions 
which appeared among the heavenly orbs: After 
the first mobiles, or powers of motion, they placed 
some very large heavens of solid crystal, which, 
by rolling one over another, and by a mutual and 
violent clashing, communicated to each other the 
universal motion received from the primum mobile, 
or first mover; while, by a contrary motion, they 
resisted this general impression, and, by degrees, 
carried away, each after its own manner, the pla- 
net for the service of which it was designed.— 
These heavens were conceived to be solid; other- 
wise the upper ones could have had no influence 
on the lower to make them perform. their daily 
motion, and they behooved to be of the finest crys- 
tal, because the light of the stars could not other- 
wise penetrate the thickness of these arches applied 
one over another, nor reach our eyes. Above the 
sphere of the fixed stars were placed the first and 
second crystalline. heavens, and above ‘thése the 
primum mobile, which earried round all the sub- 
ordinate spheres. They imagined that the pri- 
mum mobile was circumscribed by the empyreal 
heaven, of a cubic form, which they supposed to 
be the blessed abode of departed souls. Some as- 
tronomers were contented with seven or eight 
different spheres, while others imagined no less 
than seventy of them wrapped up one within an- 
other, and all in separate motions. They no sooner 
discovered some new motion or effect, formerly 
unknown, than they immediately set to work and 
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patched up a new sphere, giving it such motions. 
and dineeditne as were deemed requisite. Cycles, 
epicycles, deferents, centric and eccentric -circles, 
solid spheres, and other celestial machinery, wera 
all.employed to solve the intricate motions of the 
heavens, which seemed to baffle all the efforts of 
human ingenuity. After their system was sup- 
posed to be completed, new-anomalies were de- 
tetted, which required new pieces of machinery 
to be applied ‘to solve appearances. But after ull 
the ingenuity displayed in their patehings and re- 
patchings, the celestial spheres could never be got 
to move onward in harmony, and in accordance 
with the phenomena of the heavens.* 

It would be no-easy task to describe how their 
epicycles could be made -to move through. the 
thick crusts of crystal of which their spheres 
were made. ‘They, however, found some means 
or other to.extricate themselves from every diffi- 
culty, as they always had recourse to geometrical 
lines, which never found any obstacle to their 
passage on paper. To make all the pieces of 
their machinery move with as much smoothness 
and as little inconsistency as possible, they were 
forced to delineate certain furrows, or to notch on 
the arches certain grooves, in which they jointed 
and made the tenons and mortises of their epicy- 
cles to slide. All this celestial jomer’s work, to 
which succeeding astronomers added several pieces 
to produce balancings, or perpetual goings back- 
ward and forward, had no other tendency than to 
conceal the sublime and beautiful simplicity of 
nature, and to prevent mankind, for many ages, 
from recognizing the true system of the world.— 
With all their cumbrous and complicated ma- 
chinery, they never could account for the motions 
and other phenomena of Mereury and Venus, and 
the different apparent magnitudes which the pla- 
nets present in different parts of their orbits.— 
Without admitting the motion of the earth, it 
would surpass the wisdom of an angel, on ahy ra- 
tional principles, to solve the phenomena of the 
heavens. This is the system which has been de- 
nominated the Ptolemaic, from Ptolemy, an astro- 
nomer of Egypt, who first gave a particular 
explanation of its details; but it is understood to 
haye been received by the ancient Greek philoso- 
phers except the Pythagoreans. It was supported 
by Aristotle, who wrote against the motion of the 
earth; and as the authority of this philosopher 
was thought sufficient to establish the opinion of 
the earth being a quiescent body, it was generally 
received by the learned in Europe until the six- 
teenth century, or a little after the period of the 
Reformation. \ This is the system to which almost 
all our theological writers, even of the seventeenth 
century, uniformly refer, when alluding ‘to the 
heavenly bodies and to the general frame of the 
world; and, in consequence of admitting so ab- 
surd and untenable a theory, their reflections and 
remarks in reference to the objects of the visible 
world, and many of their comments on Scripture, 
are frequently injudicious and puerile, and, in 
many instances, worse than: useless. That such 
a clumsy and bungling system was so long in 
vogue, is a disgrace to the ages in which it pre- 
vailed, and: shows that even the learned were 
more prone to frame hypotheses and to submit’ to 
the authority of Aristotle, than to follow the path 
of observation, and to contemplate with their own 
eyes the phenomena of the universe. T'o supposo 
that the Architect of nature was the author of 
such a complex and clumsy piece of machinery, 
was little short of a libel on his perfections, anda 





* See La Pluche’s * Spectacle De la Nature.” 
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virtual denial of his infinite wisdom and intelli- 
gence. % i. 


* Oh how unlike the complex works of man, 
Heaven’s easy, artless, unencumber’d plan!” 


From this brief sketch of the Ptolemaic system, 
we may learn into how many absurdities we in- 
volve ourselves by the denial of a single important 
fact and the admission of a single false principle; 
and the importance of substantiating every fact 
and proving every principle in all our investigations 
of the system of nature and the order of the uni- 
verse. = ; 

The first among the moderns who had the bold- 
ness to assail the ancient system which had so 
long prevailed, was the famous Nicolaus Coperni- 
cus, who was born at Thorn, in Polish Prussia, in 
1472, and died at Worms, where he had been 
made a canon of the church by his mother’s bro- 
ther, who was bishop of that place. . His attention 
was early directed to the sciences of mathematics 
and astronomy. Having traveled into Italy for 
the purpose of enlarging his knowledge on such 
subjects, he remained some time at Bologna with 
Dominicus Maria, an eminent professor of astro- 
nomy, and afterward went to Rome, where he 
soon acquired so great a reputation that he was 
chosen professor of mathemafics, which he taught 
for a long time with great. applause, At the same 
time he was unwearied in making celestial obser- 
vations. 
to apply. his vast knowledge in mathematics to 
correct the system of astronomy which then pre- 
vailed. Having applied himself with assiduity to 
the study of the heavens, he soon perceived that 
the hypothesis of the ancient, astronomers was 


conformable neither to- harmony, uniformity, nor, 


reason. With a bold independent spirit, and a 
daring hand, he dashed the crystalline spheres of 
Ptolemy to pieces, swept away his cycles, epicy- 
cles, and deferents, stopped the rapid whirl of the 
primum mobile, fixed the sun in the center of the 
planetary orbs, removed the earth from its quies- 
cent state, and set it in motion through the ethereal 
void along with the other planets, and thus intro- 


duced simplicity and harmony into the system of - 


the universe. But such a bold attack on ancient 
systems, which had been so long venerated, could 
not be made without danger. Even the learned 


set themselves in opposition to such bold innova- | 


tions in philosophy; the vulgar considered such 
doctrines as chimeras, contrary to the evidence of 
the senses, and allied to the ravings of a maniac; 
and the church thundered its anathemas against all 
such opinions as most dangerous heresies. When 
only about: thirty-five years of age, Copernicus 
wrote his book “ On the Revolution of the Celes- 
tial Orbs;” but, fearing the obloquy and persecu- 
tion to which his opinions might expose him, he 
withheld its publication, and communicated his 
views only to a few friends. For more than thir- 
ty years he postponed the publishing of this cele- 
brated work, in which his system is demonstrated; 
and it was with the utmost difficulty, even in the 
latter part of his life, that he could be prevailed 
upon to usher it into the world. Overcome, at 
length, by the importunity of his friends, he put 
‘the work in order, and dedicated it to Pope Paul 


{II; in which dedication, not to shock received | 


prejudices, he presented his system under the form 
of a hypothesis. “Astronomers,” said he “be- 
ing permitted to imagine circles to explain the 
motion of the stars, I thought myself equally 
entitled to examine if the supposition of the 
motion of the earth would render the theory 
of these appearances more exact and simple.”— 


Returning to his own country, he began, 


| the sun. 
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The work. was printed at Nuremberg at the ex- 
pense of his friends, who wrote a preface to it, in 
order to palliate as much as possible, so extraordi-~ 
nary an innovation. But its immortal author did 
not live to behold the success of his work. He 
was attacked by a bloody flux, which was suc- 
ceeded by a palsy in his left side; and only a few 
hours before he breathed his last he received a 
copy of his work, which had been sent to him. by 
one of his scientific friends. But he had then 
other cases upon his mind, and composedly re- 
signed his soul to God on the 23d of May, 1543, 
in the seventy-first year of his age. His remains 
were deposited in the cathedral of Frauenberg; 
and spheres cut. in relief on his tomb were the 
only epitaph that recorded his labors. Not many 
years ago his: bones were wantonly carried off to 
gratify the impious curiosity of two Polish tra- 
velers.* 

The system broached by Copernicus, notwith- 
standing much opposition, soon made its way 
among the learned in Europe. It was afterward 
powerfully supported by the observations and 
reasonings of Galileo, Kepler, Halley, Newton, 
La Place, and other. celebrated philosophers, and 
now rests on a foundation frm and immutable as 
the laws of the universe. The introduction of 
this system may be considered an era as import- 
ant in phildsophy as that of the Reformation was 
in politics and religion. It had even a bearing 
upon the progress of religion itself, and upon the 
views we ought to take of the character and oper- 
ations of the Creator. It poved the way for a 
rational contemplation of his works, and for all 
those brilliant discoveries in the celestial regions 


/which have expanded our views of his adorable 


‘perfections, and of the boundless .extent ‘of his 
universal. empire. It was promulgated nearly at 
the same period whem the superstitions of the dark 
ages were beginning to be dissipated; when the’ 
power of the Romish church had Jost’ its ascen-' 
dency; when the-art of printing had begun to 
illuminate the. world; when the mariner’s com- 
pass was applied-to the art of navigation; when 
the western. continent. was discovered by Colum- 
bus; and.when knowledge was beginning to dif- 
fuse its benign influence over the nations; and, 
therefore, it may be considered as connected with 
that series of events which are destined, in the 
moral Government of God, to enlighten and ren- 
ovate the world. : Rye 

I shall -now proceed to consider the arrange- 
ment of the planetary or Copernican system, and 
some-of the arguments by which it is supported. 

In this system the sun is considered as placed 
near the center. Around this ‘central luminary 
the planets perform their revolutions in the fol- 
lowing order:—First, the planet Mercury, at the 
distance from the sun’s center of about 37 mil- 
lions of miles. Next to Mercury is Venus, dis- 
tinguished by thé name of the morning and even- 
ing ‘star, at the distance of 31 millions of miles 
from the orbit of Mercury, and 68 millions from 
The Earth is considered as the planet 
next in order, which revolves at the distance of 
95 millions of miles from the sun, and 27 millions 
from the orbit of Venus. Farther from the sun 
than the Earth is the planet Mars, which is 145 
millions of miles from the sun, and 50 millions 
beyond the orbit of the Earth. Next to the orbit 
of Mars are four small planetary bodies, some- 





* A fac-simile of one of the letters of Copernicus may be 
seen in No. 1X of the “ Edinburgh Philosophical Journal,” 
for July, 1821; and an engraving of the house in which he 
lived in No. XU of the same Journal for July, 1822. 
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times named Asteroids, which were discovered at 
different times about the beginning of the present 
century. They aré named Vesta, Juno, Ceres, 

and Pallas. Of these, the first in order from the 

sun is Vesta, at the distance of 225 millions of 

miles; the next, Juno, at the distance of 253 mil- 

lions. Ceres, at 260 millions; and Pallas, at 266 

millions of miles. The planet Jupiter is the next 
in order, and performs its revolution in an orbit 
495 millions of miles from the sun, and 400 from | 
the- orbit of the earth. Saturn is nearly double 

the distance of Jupiter from the sun, being dis- 

tant from that orb above 900 millions of miles. 

The most distant planet in the system which has 

yet been discovered is Uranus, or Herschel, which 

is removed from the sun at more than double the 
distance of Saturn; namely, above 1800 millions 

of miles. The orbit of this planet includes the 

orbits of the whole of the bodies of the solar sys- 

tem that have hitherto been discovered, and is 

eleven thousand three hundred millions of miles 

in circumference, and three thousand six hundred 

millions in diameter. To move round this cir- 

cumference at the rate of ‘thirty miles every hour 

would require above forty-two thousand nine hun- 

dred years. Such is the order, and such are the 

ample dimensions of that system of which we 

form a part; and yet it is but a mere speck in the 

map of the universe. The following diagram’ 
exhibits the order of the planets in the solar 

system. 


| 





Fig. 5. 





In the foregoing figure the small central star | 


represents the sun, and the circles represent the 
orbits of Mercury, Venus, the Earth, Mars, Vesta, | 
Juno, Ceres, Pallas, Jupiter, Saturn, and Uranus, | 
in the order here enumerated. The orbits of the | 
new planets, Vesta, Juno, Ceres, and Pallas, are 
represented as crossing each other, as they do in 
nature; and the portion of a long ellipse which | 
crosses the orbits of all the planets represents the 
orbit of a comet. The proportional distances and | 


magnitudes of the planets are represented in a 
subsequent chapter, 


I shall now proceed to offe 
demonstrations of the truth 
as first proposed by Copernic 
by all astronomers. I shall ‘first state those which 
may be called presumptive arguments, or which 
amount to a high degree of probability, and then 


ra few arguments or! 
of the solar system, 
us, and now received 
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briefly illustrate those which I consider as demon- 
strative. Having already endeavored to prove the 
diurnal rotation of the earth, I shall consider that 
point as settled, and confine myself, at present, to 
the consideration of the earth’s annual revolution, 
and’ the phenomena of the planets which result 
from this' motion. ‘ 

The presumptive arguments that the earth is a 
planetary body, and revolves round the sun in con- 
cert with other planets, are, 1. It is most simple and 
agreeable to the general arrangements of the Creator 
that such an order as we have now stated should 
exist in the planetary system. I or, by the mo- 
tion of the earth, all the phenomena of the hea- 
vens are resolved and completely accounted for, 
which they cannot be on any other system, with- 
out the supposition of clumsy and complex ma- 
chinery and motions altogether repugnant to rea- 
son and to what we know of the other operations 
of the all-wise Creator. Beside, it is contrary to 
the first rule laid down in philosophy,—* That 
more causes of natural things are not to be ad- 
mitted than are both true and sufficient to explain 
the phenomena.” But the Ptolemaic, or vulgar 
system of the world, assumes the existence of 
facts which can never be established, and intro- 
duces cumbrous and complicated motions which 
are quite unnecessary for explaining the phenom- 
ena. 2. Because it ts more rational to suppose that 
the earth moves about the sun, than that the Auge 
masses of the planets,some of which are «a thou- 
sand times larger than our globe—or that the stu- 
pendous body of the sun, which is thirteen hun- 
dred thousand times greater—should perform a 
revolution around so comparatively small a globe 
as the earth. To suppose the contrary, would 
be repugnant-to all the laws of motion that 
are known to exist in.the universe. We might 
as well expect thata sling, which contains a 
ji millstone in it, may be fastened to a pebble, 
jj and continue its motion about that pebble 
without removing it, as that the sun can re- 
volve about the earth while the earth continues 
immovable in the center of that motion. 

3. It was a law discovered by Kepler, by 
which all the planets, both primary and secon- 
dary, are regulated, “That the squares of the 
periodic times of the planets’ revolutions are 
as the cubes of their distances;?’* but, if the 
sun move around the earth, that law, which 
is established on the most accurate observa- 
tions, is completely destroyed, and the general 
order and symmetry of the system of nature 
are infringed upon and interrupted. For, ac- 
cording to that law, the sun would be so fay 
from revolving about the éarth int 265 days, 
that it would require no less than 589 years to 
accomplish one revolution, as will appear from 
the following calculation: The moon revolves 
round the earth in twenty-seven days eight hours, 
at the distance of 240,000 miles; the sun is placed 
at the’ distance of 95,000,000 miles. The period 
of the revolution of any body revolving at that 
distance will be found, according to the law now 
stated, by the following proportion: As the cube 
of the moon’s distance : is to the cube of the sun’s 
distance : : so is the square of the moon’s period : 
to the square of the period of any body moving 
at the distance of the sun. Now, 
the cube of the moon’s distance, 240,000, is 13 


* For example; if one planet were four times as distant as 
another, it would revolve in a period eight times as long; 
for the cube of 4=64 is equal to the square of 8, Thus 
Mars is about four times as remote from the sun.as Mercury 
and Uranus four times as remote as Jupiter, and their periods 
of revolution correspond to this proportion of their distances, 
This argument, when properly understood, is demonstrative. 
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824,000,000,000,000; the cube of the sun’s dis- 
tance, 95,000,000, is 857.375,000,000,00 10,000,- 


000. The square of the moon’s periodical time,. 


twenty-seven days eight hours, is 747, which, 
multiplied by the cube of the sun’s distance, and 
divided by the cube of the moon’s distance, is 
46,329,508,463, the square root of which is 215,242 
days, or 589 years and 257 days. This calculation 
is of itself sufficient to determine the point in 
question, for there is no exception known to the 
law we have stated. Beside, did the sun observe 
this universal law, and -yet revolve in 365 days, his 
distance ought to be only about 1,351,000 miles, 
whereas it can be shown that it-is about 95,000,- 
000. For, as the square of the moon’s period, 
747: is to the square of the sun’s, 365365=: 
133,225: : so is the cube of the moon’s distance 
from the earth 13,824,000,000;000,000 : to 2,465,- 
465,050,240,963,855, the cube root of which is 
1,351,295, or one million, three hundred and fifty- 
one thousand, two hundred and ninety-five miles, 
which should be the sun’s distance if he revolved 
about the earth in accordance with this universal 
law, which governs every moving body, both pri- 
mary and secondary:* 3 

4, It appears most reasonable to conclude that 
the sun is placed near the center of the plan- 
etary system, as it is the fountain of light and 
heat for cheering and irradiating all the worlds 
within the sphere of its influence; and it is from 
the center alone that these emanations can be dis- 
tributed in uniform and equable proportions to all 
the planets. If the eatth were in the center, with 
the sun and planets revolving around it, the plan- 
etary worlds would be, at different times, at very 
different distances from the sun; and, when near- 
est to him, would be scorched with excessive heat, 
and at their greatest distance would be frozen with 
excessive cold; and as some of the planets would, 
on this supposition, be sometimes five times the 
distance from the source of light and heat which 
they are at other times, it would produce the same 
effect as if the earth were occasionally to be car- 
ried beyond the orbit of Jupiter, four hundred and 
seventy millions of miles from its present posi- 
tion. But if the sun be considered as placed in 
the center. of the system, we have then presented 
to our view a system of universal harmony and 
order: the planets all revolving around the great 
central orb by the universal law or power of grav- 
itation, and everything corresponding to the laws 
of circular.motion and central forces; otherwise 
we are left entirely in the dark as to the operations 
of nature and the system of the universe. 

There is no more difficulty in conceiving the 
earth to move than that it should remain quiescent 
in the same place. For if the earth remain at' 
rest in the center of the system, it is supported 
upon nothing, in the midst of infinite space, by 
the power of Omnipotence: and we have as little 
conception how a ponderous globe of the size of 
the earth should remain suspended upon nothing, 
as that it should move through the voids of space 
with a velocity of sixty-eigbt thousand miles an 
hour. The Power that is able to suspend it in 
empty space can as easily make it fly through the 
ethereal regions, as is the case with Jupiter and 
Saturn, which are globes a thousand times larger; 
and such a motion is necessary in order to display 
the harmony and proportion of the Creator’s 
works, and to vindicate his all-perfect wisdom 
and intelligence. It is even no more difficult 





* The primary planets are those which revolve about the 
gun as their center, as Venus, Mars, and Jupiter. The sec- 
ondary planets are those which revolve around the primary, 
as the moons of Jupiter, Saturn, and Uranus. 
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¥ 
to conceivg ich a motion than it is to conceive 
how the earth can be inhabited all round, and 


that there can be no such thing as up or down 


in the universe, absolutely considered; how, for 


example, persons can stand upright on the oppo- 


site sides of the globe; that our antipodes, stand- 
ing with their heads in am opposite direction to 
ours can look up into the sky and down to tlie 
earth just as we do, without any more danger ol 
falling off from its surface than we are of being 
carried upward into the air. These are circum- 


) stances which necessarily flow from the rotundity 


of the eafth and, its attractive power; they are 
known to every one, and cannot possibly be dis: 
puted, unless we deny the globular form of the 
earth, or, in other words, contradict the evidence 
both of our reason and our senses. But we know 
as little of that power which draws everything to 
the earth on all sides,.as we do of a power which 
carries a planet round its orbit at the rate of a 
hundred thousand miles an hour. Both are effects 
of that Almighty agent who contrived the uni- 
verse, * who is wonderful in counsel and excellent 
in working,” and “whose ways,’ in numerous 
instances, “are past finding out.’? But, in ail 
cases where the least doubt exists, we ought to 
adopt that view of the Creator’s plans and opera- 
tions which is most consistent with the ideas of a 
Being of infinite perfection. 

The arguments now stated, although we could 
produce no other, would be sufficient to corrobo- 
rate the idea that the earth is a pla etary body, 
performing its motion through the depthisiot space; 
but, happily, we are able to produce proofs of the 
sun occupying the center of the system, which 
may be consicered as demonstrative.. These proofs 
I shall now state as briefly as possible. 

1. In the first place, the planets Mereury and 
Venus are uniformly observed to have two con- 
junctions with the sun, but no opposition, which 
could-not possibly happen unless the orbits of those 
planets lay within the orbit of the earth, as de- 
lineated in the plan of the solar system. This 
circumstance will be more particularly understood. 
by the following diagram. 





ee ee eo 
bis aa iia Kok * 


Let S represent the sun in the center of the 
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system, M, Mercury; V, Venus; E, Barth;.and G, 
Mars. It is evident that when Mercury is at M 
and Venus at V, they will be seen from the earth, 
E, inthe same part of the heavens as the sun; 
namely, at B, where Mars is represented; because | 
they are all situated in the same straight line, # 
B. In this position they are between the sun and 
the earth, and this is called their inferior conjunc- 
tion. Again, when Mercury and Venus come to 
the situations H, K, they are again in the straight 
line joining the centers of the earth and sun, and 
are therefore seen in the same part of the heavens 
with that orb. In these last position’ they are 
beyond the sun, which is now between’ them and 
the earth. This is called their superior conjunc- 
tion. Here it is evident that these two planets 
must appear twice in conjunction with the sun, 
in each revolution, to.a spectator on the earth at 
4; but they can never appear in opposition to the 
sun, or, in other words, they can never be seen 
in the east immediately after the sun has set in 
the west, as is the case with Mars, which may be 
seen at G when the sun appears at B, in the op- 
posite direction; all which appearances are exactly 
correspondent with observation, but could never 
take place if the earth were the center of their 
motions. 

2. The greatest elongation or distance of Mer- 
eury from the sun is twenty-nine degrees, and 
that of Venus about forty-seven degrees, which 
answers exactly to observation, and to the posi- 
tions and distances assigned to them in the sys- 
tem; but if they moved round the earth as a cen- 
ter, they would sometimes be seen 180 degrees 
from the sun, or in opposition to him. But they 
have never been seen in such a position by any 
observer, either in ancient or modern times, nor 
at greater distances from the sun than those now 
specified. It is evident, from the figure, that when 
Venus is at D, the point of its greatest elongation, 
it will be seen at a, in the direction of EF a; which 
forms an angle of forty-seven degrees with the 
line & B, or the direction of the sun as seen from 
the earth. In like manner Mercury, when at its 
greatest elongation, at R, will be seen at e, which. 
forms a less angle than. the former with the jJine 
of direction in which the sun is seen. Hence it 
is that Mercury is so rarely seen, and Venus only 
at certain times of the year; whereas, were the 
earth at rest in the center of the planetary orbits, 
these planets would be seen in all positions and 
distances from the sun in the same manneras the 
moon appears. 

3. The planets Mars, Jupiter, Saturn, Uranus, 
and all the other superior planets, have each their 
conjunctions and oppositions to the sun, alternate 
and successively, which could not be unless their 
orbits were exterior to the orbit of the earth— 
Thus, from the earth at E Mars will appear in 
conjunction with the sun at B and in opposition 
ut G; that is,in a part of the heavens 180 degrees 
distant from the sun, or directly opposite to him; 
and the same is the case with all the planets be- 
yond the orbit of Mars, which proves that they 
are all situated in orbits which include the orbit of 
the earth. 

4. In the arrangements of the planets in the 
system, as formerly stated, they will all be some- 
times much nearer to the earth than at other 
times; and, consequently, their brightness and 
splendor, and likewise their apparent diameters, 
will be proportionably greater at one time than at 
another. ‘This corresponds with every day’s ob- 
servation, ‘Thus the apparent diameter of Venus, 
when greatest, is fifty-eight seconds, and. when 
least, about ten seconds; of Mars, when greatest 


;conjunction, in the point B. 
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about twenty-five seconds, and when least, not 
four or five seconds; so that in one part of 
his orbit he is five times nearer to the earth than 
at the opposite part, and, consequently, appears 
twenty-five times larger in surface. ‘Thus, when 
Mars is in the point G, in opposition to the, sun, 
he is thé whole diameter of the earth’s orbit, or 190 
millions of miles nearer us than when he is in- 
In the one case he 
is only 50 millions of miles distant from the earth, 
while in the other he is no less than 240 millions 
of miles; and his apparent magnitude varies ac- 
cordingly. But, according to, the system which 
places the earth in the center, the apparent mag~- 
nitude of Mars, and of all the other planets, should 
always be equal, in whatever points of their orbits 
they may be-situated. tz 

5. When the planets are viewed through good 
telescopes, they appear with different phases; that 
is, with different parts of their bodies enlightened. 
Thus, Mars sometimes appears round, or with a 
full enlightened face; and at other times he pre- 
sents a gibbous phase, like that of the moon three 
or four days before the full. Venus presents all 
the different phases of the moon, appearing some- 
times with a gibbous phase, sometimes like a half 
moon, and at other times like a ‘slender. crescent. 
Thus, at V, her dark side is turned to the earth,. 
and she is consequently invisible, unless she hap- 
pens to pass across the disc of the sun, when. she 
appears like-a round black spot on the surface of 
that luminary. At Dshe appears like a crescent; 
at A like a half moon, because only the. one-half 
of her enlightened side is turned toward the earth; 
and at F she presents a gibbous phase. . When 
Copernicus first proposed his: system, it was one 
of the strongest objections. which his adversaries 
brought: against it, and by which they supposed 
they had completely confuted him; namely, that 
“if his hypothesis were true, Venus and Mercury 
must vary their phases like the moon, but that 
they constantly appeared round.” Copernicus at 
oncé admitted that these consequences were justly 
drawn; and he attributed the cause of their round 
appearanees to the structure of our eyes, to the 
distance of the objects, and to those radiating 
crowns which hinder us from judging either of 
the size or the exact form of the stars and pla- 
nets; and he is said to have prophesied that one 
day or other these various phases would be disco- 
vered; and little.more than a half century inter- 
vened, when the telescope (which was unknown 
in the time of Copernicus), in the hands of Ga- 
lileo, determined ‘to a certainty the matter in dis- 
pute, and confirmed the prediction of that emi- 
nent astronomer. How great, may we suppose, 
would have been the transport of that illustrious 
man had a telescope been put into his hands, and 
had he seen, as we now do, that Venus, when she 
appears most brilliant, exhibits, in reality, the 
form of a crescent! so that this formidable objec- 
tion to the truth of his system has now become 
one of the strongest and most palpable demonstra- 
tions of the reality of that arrangement which 
has placed the sun in the center, and set the earth 
in motion between Mars and Venus. 

6. All the planets in their motions are seen 
sometimes to move direct; sometimes retrograde; 
and at other times to remain stationary, without 
any apparent motion: in other words, in one part 
of their course they appear to move to the east; 
in another part to the west; and at certain points 
of their orbits they appear fixed for some time in 
the same position. Thus, Venus, when she passes 
from her greatest elongation westward, at L, to 
her elongation eastward, at D, through the are 
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LCKF AD, will appear direct in motion, or 
from. west to east; but as she passes fr: to L, 
through the are D V ZL, she will appear retro- 

‘ade, or as if she were moving from east to west. 
When she is in those parts of her orbit most dis- 
tant from the sun, as at D and L, she will appear 
for some time stationary, because the tangent line 
or visual ray appears to coincide for some time 
with the orbit of the planet; just as a ship at a 
great distance, when moving directly toward the 
eye in the line of vision, appears for a little time 
to make no progress. All these apparent diversi- 
ties of motion are necessary results of the Coperni- 
can system, and they coincide with the most ac- 
eurate observations; but they are altogether 
inexplicable on any other hypothesis, 

‘7. The planets Mercury and Venus, in their 
superior conjunctions with the sun, as at H and 
K, are sometimes hid behind the sun’s body;, 
which could never happen on the Ptolemaic hy- 
pothesis, because in it the orbit of the sun is sup- 
posed to be exterior to the. orbits of these two 
planets. : 

8. The times in which these conjunctions, op- 
positions, direct and retrograde motions, and sta- 
tionary aspects of the planets happen, are not 
such as they would be if the earth were at rest in 
its orbit; but precisely such if the earth move, and 
all the other planets in the periods assigned them. 
‘Thus, suppose Venus at any time in conjunction 
with the sun at V; were the earth at rest in J, 
the next conjunction of the same kind would 
happen again when Venus had made just one re- 
volution, that is, in 224 days. But this is con- 
trary to experience; for a much longer time is 
found to intervene between two conjunctions of 
the same kind, as must be if we suppose the earth 
to have a motion in the same direction. For, 
when Venus comes to the point V, the earth will 
if the earth were considered as remain- 
ing fixed in the center of its motion. On 
each side of the loops in the figure it ap- 
pears stationary; in that part of the loop 
next the earth it appears retrograde; and 
in all the rest of the path, which seems to 
stretch far away from the earth, it ap- 
pears direct, until its course again appears 
to run into a loop. Let the reader trace 
the whole of the curve here delineated, 
and then ask himself whether such mo- 
tions can possibly be real, or the contri- 
vances of Infinite Wisdom. The motions 
of Venus, and all of the superior planets, as 
seen from the earth, present similar curves 
and anomalies. Now it is a fact, that 
when the earth is considered as moving 
round the sun in a year, between the 
orbits of Venus and Mars, all these appa- 
rent irregularities are completely account- 
ed for by the combination of motions 
produced by our continual change of po- 
sition, in consequence of the earth’s pro- 
gress in its annual orbit; and’ thus the 
movements of all the planets are reduced 
to perfect harmony and order. 

Such is a brief summary of the leading 

roofs which may be brought forward to 
rstablish the fact of the annual motion of 
the earth round the sun. They all converge to- 
ward the same point, and hang together in per- 
fect harmony. It is next to impossible that such 
a combination of arguments could he found to 
prove a. false position. When thoroughly un- 
derstood and calmly considered they are calcu- 


lated to produce on the mind of every unbi- | 
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have passed in that time from E to some other 
part of its orbit, and from this part still keeps 
moving on until Venus overtakes it, and gets 
again between itand the sun. ‘The period which 
Venus will take before she overtakes the earth 


and comes in conjunction with the sun, is found — 


as follows: The.daily mean motion of the earth is 
fifty-nine minutes eight seconds (which is the 
same as the apparent mean. motion of the sun), 
‘and the daily mean motion of Venus is one degree, 
thirty-six minutes, eight seconds. The difference 
of these mean motions is thirty-seven ‘minutes. 
Therefore, as 37’: is to the number of minutes in 


:: so is one day : to 583 days, 18 5-4 hours, which 
is the time between two conjunctions of the same 
kind, or one year and a little more than seven 
months, which is somewhat more than two, and a 
half revolutions of Venus, and which. perfectly 
agrees with the most accurate observations. 

In the last place, if we were to suppose the 


tem, the motions of all the planets would present a 
scene of inextricable confusion.. They would ap- 
pear so irregular and anomalous that no rational 
being would ever suppose they could be the con-. 
| trivances of an All-wise Being, possessed of every 
perfection. This will appear at once by casting 
the eye on Fig. 7, which represents the apparent 
motion of the planet Mercury, as seen from the 
earth, from the year 1708 to 1715, as originally 
delineated by the celebrated astronomer Cassini, 
and published in the Memoirs of the Royal Aca- 
demy of Sciences. Here the motion of this pla- 
net appears to describe a complicated curve, or a 
series of loops or spirals running into each other, 
instead of a regular circular motion in an orbit; 
and such irregular curves must be the real motion 
of the planet, to account for all its appearances, 





Fig. 7 


} * 
in question, as if, from a fixed position in the 
heavens, we actually beheld the earth and all 
| its population sweeping along through the ethe- 
‘real spaces ‘with the velocity of sixty-eight 
thousand miles every hour. These arguments 
hare plain and easy to be understood if the least 
attention be bestowed.’ Most of them require 


assed inquirer as strong aconviction of the point nothing more than common observation, or, in 


the whole circle of 360 degrees, namely, 21600’. 


earth at rest in the center of the planetary sys-., 


~ 
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other words, common sense, in order to under- 
stand and appreciate them; and he who will not 
give himself the trouble to weigh them with at- 
tention must be contented to remain in ignorance. 
I have stated them with more particularity than 
is generally done in elementary books on this 
subject, because they lie at the foundation of as- 
tronomical science, and of all our views of the 
amplitude and order of universe: and be- 
cause many profess to believe in the motion of 
the earth merely on the authority of others, with- 
out examining the grounds of their belief, and, 
consequently, are never fully and rationally con- 
vinced of the important position to which we have 
adverted. 

The motion of the earth presents before us a 
most sublime and august object of contemplation. 
We wonder at beholding a steam carriage, with 
all its apparatus of wagons and passengers, carried 
forward on a railway at the rate of thirty miles 
an hour, or a balloonsweeping through the atmo- 
sphere with a velocity of sixty miles in the same 
time. Our admiration would be raised still higher, 
should we behold Mount Etna, with its seventy 
cities, towns, and villages, and its hundred thou- 
sand inhabitants, detached from its foundations, 
carried aloft through the air, pouring forth tor- 
rents of red-hot lava, and impelled to the conti- 
nent of America in the space of half an hour. 
But such an object, grand and astonishing as it 
would be, could convey no adequate idea of the 
grandeur of such a body as the earth flying 
through the voids of space in its course round 
the sun. Mount Etna, indeed, contains a mass 
of matter equal to more than 800 cubical miles, 


is more than threé hundred millions of times 
larger than Etna, and of a much greater density. 


The comparative size of this mountain to the | 


earth may be apprehended by conceiving three 
hundred milli of guineas laid in a straight 
line, which would extend 4700 miles, or from 
London to the equator, or to south America. 
The whole line of guineas throughout this vast 
extent would represent the bulk of the earth, and 
a single guinea, which is only about an inch in 
extent, would represent the size of Etna compared 
with that of the earth. Again: Etna, in moving 
from its present situation to America in half an 
hour, would move only at the rate of 130 miles in 
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a minute; while the earth in its annual course flies 
with a velocity of more than 1130 miles in the same 
space of time, or about nine times that velocity. 
| How august, then, and overpowering the idea, 
that during every pulse that beats within us we 
are carried nearly twenty miles from that portion 
of absolute space we occupied before! that during 
the seven hours we repose in sleep, we, and all 
the inhabitants of the world, are transported 470,- 
000 miles through the depths of space; that dur- 
ing the time it would take to read deliberately 
from the beginning of the last paragraph to the 
present sentence, we have been carried forward 
with the eatth’s motion more than 4500 miles; 
and that,in the course of the few minutes we 
spend in walking a mile, we are conveyed through 
a portion of absolute space to the extent of more 
than 18,000 miles. What an astonishing idea 
does such a motion convey of the EnEReIEs of the 
Almighty Creator, especially when we consider 
that thousands of rolling worlds, some of them 
immensely larger than our globe, are impelled 
with similar velocities, and have, for many cen- 
turies past, been running without intermission 
their destined rounds!: Here, then, we have a 
magnificent scene presented to view, far more 
wonderful than all the enchanted palaces rising 
and vanishing at the stroke of the magician’s 
rod, or all the scenes which the human imagina- 
tion has ever created, or the tales of romance have 


| recorded, which may serve to occupy our mental 


contemplation when we feel ennui, or are at a Joss 
for subjects of amusement or reflection. We 
may view in imagination this ponderous globe on 


| which we reside, with ali its load of continents, 
but the earth comprises an extent of more than | 
263,000,000,000 of solid miles, and, consequently, | 


islands, oceans, and its millions of population, 
wheeling its course through the heavens at a rate 


| of motion, every day, exceeding 1,600,000 miles; 


we may transport ourselves to distant regions, 
and contemplate globes far more magnificent, 
moving with similar or even greater velocities; 
we may wing our flight to the starry firmament, 
where worlds unnumbered run their ample rounds, 
where suns revolve around suns, and systems 
around systems, around the throne of the Eter- 
nal; until, overpowered with the immensity of 
space and motion, we fall down with reverence, 
and worship Him who presides over all the de- 
partments of universal nature, “ who created all 





worlds, and for whose pleasure they are and were 
created.”’ , 


CHAPTER TLE 


ON THE MAGNITUDES, MOTIONS, AND OTHER PHENOMENA OF THE BODIES 
CONNECTED WITH THE SOLAR SYSTEM. 


_ In the elucidation of this subject, I shall, in the 
ke ame present a few sketches of the magni- 
tudes, motions, and other phenomena of the pri- 
mary planets belonging to the solar system. 
These planets, as formerly: stated, are, Mercury, 
Venus, Mars, Vesta, Juno, Ceres, Pallas, Jupiter, 
Saturn, and Uranus, which are here mentioned in 
the order of their distance from the sun. 

In this order I shall proceed to give a few de- 
scriptions of the principal facts which have been 
ascertained respecting each planet. 


I. THE PLANET MERCURY. 


This planet is the nearest to the sun of any 
that have yet been discovered, although a space 
of no less than thirty-seven millions of miles in- 
tervene between Mercury and the central lumi- 
nary. Within this immense space several planets 
may revolve, though they may never be detected 
by us, on account of their proximity to the sun. 
To an inhabitant of Mercury, such planets, if any 
exist, may be as distinctly visible as Venus and 
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LIGHT AND SPLENDOR OF MERCURY. 


Mercury are to us; because they will appear, in 
certain parts of their course, at a much greater 
elongation from the ‘sun than they can to us. 
This planet, on account ‘of its moving in the 
neighborhood of the sun, is seldom noticed by a 
common observer. It is only to be seen by the 
naked eye about the period of its greatest elonga- 
tion from ‘the sun, which is sometimes only about 
160° or 17°, and never exceeds 29°. These élonga- 
tions happen, at an average, about six or seven 
times every year; about three times when the 
planet is eastward of the sun, and three times 
when itis to the westward. This planet, there- 
fore, can only be seen by the unassisted eye for a 
few days about these periods, either in the morn- 
ing a little before sunrise, or in the evenings a 
little after sunset. As it is sometimes not above 
_ 16°, even at its greatest elongation, from the point 
of sunrise or sunset, and is likewise very near the 
_ horizon, it is sometimes very difficult to distin- 
guish it by the naked eye, and at all other times 
it is generally imperceptible without a telescope. 
It is said that the celebrated astronomer, Coperni- 
cus, had never an opportunity of seeing this planet 
during the whole course of his life. I have seen 
Mercury three or four times with the naked eye, 
and pretty frequently with a telescope. With a 
magnifying power of 150 times, I have seen it 
about the time of its greatest elongation, more 
than half an hour after sunrise, when it appeared 
like a small brilliant half moon; but no spots 
could be discovered upon it. To the naked eye, 
when it is placed in a favorable position, it ap- 
pears with a brilliant white light, like that of Ve- 
nus, but much smaller and less conspicuous. The 
best mode of detecting it is by means of an equa- 
torial telescope, which, by a slight calculation and 
the help of an ephemeris, may be directed to the 
precise point of the heavens where it is situated. 
The most favorable seasons of the year for ob- 
serving it are when its greatest elongations happen 
inthe month of March or April, and in August 
or September. In winter it is not easily perceived, 
on account of its very low altitude above the 
horizon at sunrise and sunset; and in summer, the 
long twilight prevents our perception of any 
small object in the heavens. From the planets 
Saturn and Uranus, Mercury would be altogether 
invisible, being completely immersed in the splen- 
dor of the solar rays; so that an inhabitant of 
these planets would never know that such a body 
existed in the universe, unless he should happen 
to see it when it passed, like a small dark point, 
across the disc of the sun. 

Mercury revolves around the sun in the space 
of eighty-seven days twenty-three hours, which 
is the length of its year; but the time from one 
conjunction to the same conjunction again, is 
about 116 days; for as the earth has moved about 
a fourth part of its revolution during this period, 
it requires nearly thirty days for Mercury to 
overtake it, so as to be in a line with the sun. 
During this period of about 116 days it passes 
through all the phases of the moon, sometimes 
presenting a gibbous phase, sometimes that of a 
half moon, and at other times the form of a cre- 
scent; which phases and other particulars will be 
more particularly explained in the description I 
shall give of the planet Venus. Mercury, at dif- 
ferent times, makes a transit across the sun’s disc; 
and as its dark side is then turned to the earth, it 


will appear like a round spot upon the face of the | p 


sun; and when it passes near the center of the 
sun, it will appear for the space of from five to 
seven hours on the surface of that orb. Its last 
transit happened on the 7th of November, 1835, 
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which was visible in thé United States of Ameri- 
ca, but not in Britain, as the sun was set be- 
fore its commencement. The next transits, to 
the end of the present century, are as follows: 


Hours. Minutes, 
1845, May 8th.,.......... 7 542M. 
1848, November 9th....... 1 38 p.m. 
1861, November 12th...... 7 20 p.m. 
1868, November 5th....... 6 44 a.m. 
USTSHMayrOth ieee aen!: 6 38 P.M. 
1881, November 8th....... 0 40 a.m. 
1891, May 10th. ....0..... 2 45 a.m. 
1894,.November 10th...... 6 17 p.m. 


The time stated in the above table is the mean 
time of conjunction at Greenwich, or nearly the 
middle of the transit; so that, in whatever part 
of the world the sun is risen at that time, the 
transit willbe visible if no clouds interpose. The 
next two transits, in 1845 and 1848, willbe partly 
visible in Britain. 

Few discoveries have been made on the surface 
of this planet by méans of the telescope, owing 
to the dazzling splendor of its rays, which pre- 
vents the telescope from presenting a well-defined 
image of its disc; owing, likewise, to the ‘short 
interval during which observations can be made, 
and particularly to its proximity to the horizon, 
and the undulating vapors through which it is 
then viewed. That unwearied observer of the 
heavens, Sir William Herschel, although he fre- 
quently viewed this planet with magnifying pow- 
ers of 200 and 300. times, could perceive no spots 
or any other phenomenon on its disc from which 
any conclusions could be deduced respecting its 
peculiar constitution or the period of its rotation. 
Mr. Schroeter, an eminent German astronomer, 
however, appears to have been more successful. 
This gentleman has long been a careful observer 
of the phenomena of the planetary system, by 
means of telescopes. of considera size, and hus 
contributed not a few interesting facts to astro- 
nomical science. He assures us that he has seen 
not only spots, but even mountains on the surface 
of Mereury, and that he succeeded in ascertaining 
the altitude of two of these mountains. One of 
them he found to be little more than 1000 toises 
in hight, or about an English mile and 372 yards. 
The other measured. 8900 toises, or ten miles and 
1378 yards, which is more than four times higher 
than Mount Etna or the Peak of Teneriffe. The 
highest mountains are said to be situated in the 
southern hemisphere of this planet. The same 
observer informs us, that, by examining the varia- 
tion in the daily appearance of the horns or cusps 
of this planet, when it appeared of a crescent 
form, he found the period of its diurnal rotation 
round its axis to be twenty-four hours, five 
minutes, and twenty-eight seconds. But these 
deductions require still to be confirmed by future 
observations, 

The light or the intensity of solar radiation 
which falls on this planet is nearly seven times 
greater than that which falls upon the earth; for 
the proportion, of their distances from the sun is 
nearly as three to eight, and the quantity of light 
diffused from a luminous body is as the square of 
the distance from that body. The square of 3 is 
9, and the square of 8, 64, which, divided by 9, 
produces a quotient of 7 1-9, which nearly ex- 
resses the intensity of light on Mercury com- 
pared with that on the earth. Or, more accu- 
rately, thus: Mercury is 36,880,000 of miles from 
the sun, the square of which is 1,360,134,400,- 
000,000: the earth is distant 95,000,000, the 
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square of which is, 9,025,000,000,000,000. Di- 
vide this last square by the first, and the quotient 
is about 624, which is very nearly the proportion 
of light on this planet. As the apparent diameter 
of the sun is likewise in ‘proportion to the square 
of the distance, the inhabitants of this planet will 
behold in their sky a luminous orb, giving light 
by day, nearly seven is: larger than the sun 
appears to us; and every object: on its surface} 
will be illuminated with a brilliancy seven’ times 
greater than are the objects around us in a fine 
summer’s day. Such a brilliancy of luster on 
every object would completely dazzle our eyes in 
their present state of organization; but in every 
such case we are bound to believe that the organs 
of vision of the inhabitants of any world are ex- 
actly adapted to the sphere they occupy in the 
system to which they belong.. Were we trans- 
ported to such a luminous world as Mercury, we 
could perceive every object with the same ease 
and distinctness we now do, provided the pupil 
of the eye, instead of being one-eighth of an inch 
in diameter, as it now is, were contracted to the 
size, of one-fiftieth of an inch. In consequence 
of the splendor which is reflected from every 
object on this planet, it is likely that the whole 
scenery of nature will assume a most. glorious 
and magnificent aspect, and that the colors depict- 
ed on the various parts of the scenery of that 
world will be much more vivid. and splendid 
than they appear on the scenery of our terrestrial 
mansion; and since it appears highly probable 
that there are elevated mountains on this planet, 
if they be adorned with a diversity of color, and 
of rural and artificial objects, they must present 
to the beholder a most beautiful, magnificent, and 
sublime appearance. The following figures will 
present to the eye a comparative view of. the ap- 
parent size of the sun, as beheld from Mercury 
and from the earth. 


Fig. 8. 
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While the intensity of the solar light on this 
planet is about seven times greater than on the 
earth, the light on the surface of Uranus, the 
most distant planet of the system, is 360 times 
less than that on the earth; for the square of the 
earth’s distance, as formerly stated, is 9,025,000,- 
090,000,000, and the square of the distance of 
Uranus from the sun, 1,800,000,000, of miles, is 
3,240,000,000,000,000,000, which, divided by the 
former number, gives a quotient of 359 and a 
fraction, or, in round numbers, 360; the number 
of times that the light on the earth exceeds that 

1 Uranus. Yet we find that the light reflected 

that distant planet, after passing 1,800,000,- 
of miles from the body. of the sun, and re- 
turning again by reflection 1,700,000,000 of miles 
to the earth, is visible through our telescopes, and 
even sometimes to the naked eye. Thus it ap- 
ny wi hee seopeity of light at the two ex- 
remes of the solar system is in the proportion 
of 2400 to 1s for 3606 X %4—2400, the Het, of 
times that the quantity of light on Mercury ex- 


y 
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ceeds that on Uranus. But we may rest assured, 
from what we know of the plans of Divine wis- 
dom, that the eyes of organic intelligence, both at 
the extremes and in all the intermediate spaces of 
the system, are exactly adapted to the sphere they 
ovcupy and the quantity of light they receive 
from the central, luminary. ms 
In regard to the temperature of Mercury, if the 
intensity of heat were supposed to be governed by 
the same law as the intensity of light, the heat in 
this planet would, of course, be nearly seven 
times greater than on the earth. Supposing the 
average temperature of our globe to be fifty de- 
grees of Fahrenheit’s thermometer, the average 
temperature on- Mercury would be 333 degrees, 
or 121 degrees above the heat of boiling water; a 
degree of heat sufficient to melt sulphur, to make 
nitrous acid boil, and to dissipate into vapor every 
volatile compound. But. we have no reason to 
conclude that the degree of sensible heat on any 
planet'is in an inverse proportion to its distance 
from the sun. We have instances of the contrary 
on our own globe, On the top of the highest 
range of the Andes, in South America, there is 
an intense cold at all times, and their summits aro 
covered with perpetual snows, while in the plains 
immediately adjacent, the inhabitants feel all the 
effects of the scorching rays of a tropical sun. 
The sun, during our summer in the northern 
hemisphere, is more than three millions of miles 
further from us than in winter; and although tino 
obliquity of his raysis partly the cause of the 
cold felt in winter when he is nearest us, yet it is 
not the only cause; for we find that the cold in 
New York and Pennsylvania is more intense in 
winter than in Scotland, although the sun rises 
from ten to sixteen degrees higher above the hori- 
zon in the former case than in the latter. Beside, 
we find that the heat of summer in the southern 
hemisphere, when the sun is nearest to the earth, is 
not so great as in the summer of corresponding 
latitudes in the northern hemisphere. In short, 
did heat depend chiefly on the nearness of the 
sun or the obliquity of his rays, we should always 
have the same degree of heat or cold at the same 
time of the.year, in a uniform circle; which ex- 
perience proves to be contrary to fact. ‘The de- 
gree of heat, therefore, on any planet, and on dif- 
ferent portions of the same planet, must depend 
in part, and perhaps chiefly, on the nature of the 
atmosphere, and other circumstances connected 
with the constitution of the planet, in combina- 
tion with the influence of the solar rays. These 
rays undoubtedly produce heat, but the degree of 
its intensity will depend on the nature of the sub- 
stances on which they fall; as we find that the 
same degree of sensible heat is not felt when they 
fall on a piece. of iron or marble, as when they 
fall ona piece of wood or flannel. , 
Mercury was long. considered as the smallest 
primary planet in the system; but the four new 
planets lately discovered between the orbits of 
Mars and Jupiter, are found to be smaller. Its 
diameter is estimated at 3200 miles, and, conse- 
quently, its surface contains above 32,000,000 of 
square miles, and its solid contents are 1 es 
324,800, or more than seventeen thousand millions 
of solid miles; and if the number of solid miles 
contained in the earth, which are 264,000,000,000, 
be divided by this sum, the quotient will be some- 
what more than fifteen, showing that the earth is 
above fifteen times larger than Mercury. Not- 
withstanding the comparatively diminutive size 
of this planet, it is capable of containing a popu- 
lation upon its surface much greater than has 
ever been supported on the surfacs of the earth 
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during any period of its history. In making an 
estimate on this point, I shall take the population, 
of England as a standard. England contains 
50,000 square miles of surface, and, 14,000,000 
of inhabitants, which is 280 inhabitants for every 


square mile. The surface of Mercury contains 


32,000,000 of square miles, which is not much 
less than all the habitable parts of our globe. At 
the rate of population now stated, it is sufficiently 
ample to contain 8,969,000,000, or eight thousand 
nine hundred and sixty millions of inhabitants, 
which is more than eleven times the preset popu-, 
lation of our globe. And although the one-half 
of the surface of this planet were to be considered 
ascovered with water, it would still contain 
nearly six times the population of the earth. 
Hence it appears, that small as this planet may be 
considered, when compared with others, and sel- 
dom as itis noticed by the vulgar eye, it in all 
probability holds a far more distinguished rank in 
he intellectual and social system under the moral 
government of God, than this terrestrial world of 
which we are so proud, and all the living beings 
which traverse its surface. : 

I shall only mention further the following par- 
ticulars in'reference to this planet.. In its revo- 
lution round the sun, its motion is swifter than, 
that of any other planet yet discovered; it is no 
less than at the rate of 109,800 miles every hour 
at an average, although in some parts of its course 
it is slower, and. in other parts. swifter, since it 
moves in an elliptical orbit.. Of course it flies 


1830 miles every minute,,and more than thirty |. 


miles during every beat. of our pulse. The den- 
sity of this planet is found by certain physical 
calculations and investigations, founded onthe 
laws of universal. gravitation, to be nine times 
that of water, or equal to that of lead; so that a 
ball of lead 3200 miles in diameter would exactly 
poise the planet Mercury. This density is greater 
than that of any of the other planets, and nearly 
twice the density of the earth. The mass of this 
planet, or the quantity of matler it contains, wlien 
compared with the-mass of the sun, is, according 
to La Place, as 1 to 2,025,810, or about the two 
millionth part; that is, it would require two, mil- 
lions of globes of the size and density of Mercury 
to weigh one of the size and density of the sun. 
But as Mercury contains a much greater quantity 
of matter in the same bulk than the sun, in point 
of size it would require 22,000,000 of globes of 
the bulk of Mercury to compose a body equal to 
that of the sun. In consequence of the great 
density of this planet, bodies will-have a greater 
weight on its surface than on the earth. It has 
been computed, that a body weighing one pound 
on the earth’s surface would weigh one pound 
eight and a half drachms on the surface of Mer- 
eury. If the centrifugal foree of this planet were 
suspended, and its motion in a circular course 
stopped, it would fall toward the sun, as, a stone 
when thrown upward falls to the ground, by the 
force of gravity, with a velocity continually in- 
creasing as the square of the distance from the 
sun diminished. The time in which Mercury or 
any other planet would fall to the sun by the cen- 
tripetal force, or the sun’s attraction, is equal to 
its periodic time divided by the square root of 
thirty-two; a principle deduced from physical 
and mathematical investigation. Mercury would 
therefore fall to the sun in 15 days, 13 hours; Ve- 
nus in 39 days, 17 hours; the earth in 64 days, 
13 hours; Mars in 121 days,10 hours; Vesta in 
205 days; Ceres in 297 days, 6 hours; Pallas in 
301 days, 4 hours; Juno in 354 days, 19 hours; 
Jupiter in 765 days, 19 hours, or above two years; 
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Saturn in 1901 days, or about five years; Uranus 
in 5425 days, or nearly fifteen years; and the 
Moon would fall to the earth, were its centrifugal 
force destroyed, in 4 days, 20 hours. Some of the 
deductions stated above may be apt to startle some 
readers as beyond the powers of limited intellects, 
and above the range of human investigation. The 
discoveries of New teummey’<ver» have now taught 
us the laws by which.these bodies act upon one 
another; and as the effects they produce depend 
very much upon the quantities of matter they 
contain, by observing these effects we are able, by 
the aid of mathematical reasoning, to determine 
the quantities of matter in most of the’ planets 
with considerable certainty. But to enter on the 
demonstration of such points would require a 
considerable share of attention and of mathemati- 
cal knowledge, and would probably prove tedious 
and uninteresting to the general reader. 

Mercury revolves in an orbit,which is elliptical, 
and more eccentric than the orbits of most of the 
other planets, except Juno, Ceres, and Pallas. » [ts 
eccentricity, or the distance of the sun from the 
center of its orbit, is above 7,000,000 of miles.— 
The time between its greatest clongations from 
the'sun varies from:106 to 130 days. Its orbit is 
inclined to the ecliptic, or the plane of the earth’s 
orbit, in an angle of seven degrees, which is 
more than double the inclination of the orbit of 
Venus. : 


I. OF THE PLANET VENUS. 

Of all the luminaries of heaven, the sun and 
moon excepted, the planet Venus is the most con- 
spicuous and splendid. She appears like a bril- ° 
liaut lamp amid the lesser orbs of night, and al- 
ternately anticipates the morning dawn and ushers 
in the evening twilight. When she is to the 
.westward-of the sun, in winter, she cheers our 
mornings with her vivid light, and is a prelude to 
the near approach of the ial of day and the 
rising sun. When she is eastward of that lumi- 
| nary, her light bursts upon us after sunset, before 
any of the other twinkling orbs of heaven make 
their appearance; and she discharges, in some 
measure, the functions of the absent moon.  ‘T'he 
brilliancy of this planet has been noticed in all 
ages, and has been frequently the subject of de- 
scription and admiration both by shepherds and 
by poets. The Greek poets distinguished it by 
the name of Phosphor when it rose before the stn, 
and Hesperus when it appeared in the evening 
after the sun retired; and it is now generatly 
distinguished by the name of the Morning and 
Evening Star. 

‘¢ Next Mercury, Venus runs her larger round, 

With softer beams and milder glory crown’d, 

Friend to mankind, she glitters from afar, 

Now the bright evening, now the morning star. 

From realms remote she darts her pleasing ray, 

Now leading on, now closing up the day; 

YVerm’d Phosphor when her morning beams she yields, 
And Hesp’rus when her ray the evening gilds.” 

Before proceeding to amore particular descrip- 
tion of this planet, I shall lay before the reader a 
brief explanation of the nature of the planetary 
orbits, as 1 may have occasion to refer to certain 
particulars connected with them in the follo wi 
descriptions. All the planets and their satell 
move in elliptical orbits, more or‘less eccentric. 
The following figure exhibits the form of these 
orbits. 

The figure A D BE represents the form of a 
planetary orbit, which is that of an oval or el- 
lipse. The longest diameter is A B; the shorter 
diameter D E. The two points F and G are 
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called the foci of the ellipse, around which, as two 
central points, the ellipse is formed. The sun is 
not placed in C, the center of the orbit, but at F’, 


one of the foci of the ellipse. When the planet, 
Fig. 9. 





therefore, is at A, it.is nearest the sun, and is said 
to be in its perihelion; its’ distance from the sun 
gradually increases until it reaches the opposite 
point, B, when it is at its greatest distance from 
the sun, and is said to be in its aphelion; when it 
arrives at the points D and E of its orbit, it is 
said to be at the mean distance. The line A B, 
which joins the perihelion and aphelion, is called 
the line of the apsides, and also the greater axis or 
the transverse axis of the orbit; D E is the lesser 
or conjugate axis; F' D, the mean distance of the 
planet from the sun; FC, or & C, the eccentricity 
of the orbit, or the distance of the sun from its 
center; F is the lower focus, or that in which. the 
sun is placed; G the higher focus; A the lower 
apsis, and B the higher apsis. The orbits of some 
of the planets are more elliptical than others.— 
The eccentricity of the orbit of Mercury is above 
7,000,000 miles; that is, the distance from: the 
point F’, where the sun is placed, to the center, C, 
measures that number of miles; while the eccen- 
tricity of Venus is only about 490,000 miles, or 
less than half a million. ‘Most of the planetary 
orbits, except those of some of the new planets, 
— very nearly to the circular form. 
he orbits of the different planets do not all lie 
in the same plane, as they appear to do in orreries 
and in the representations generally given of the 
solar system. If we suppose a plane to pass 
through the earth’s orbit, and to be extended in 
every direction, it will trace a line in the starry 
heavens which is called the ecliptic, and the plane 
itself is called the plane of the ecliptic. The orbits 
of all the other planets do not lie in this plane, 
one half of each orbit rising above it, while the 
other half falls below it.. This may be illustrated 
by supposing a large bowl or concave vessel to be 
nearly filled with water; the surface of the water 
will trace a circular line round the inner surface of 
the bowl, which may represent the ecliptic, while 
the surface of the water itself is the plane of the 
ecliptic, and the bowl is the one-half of the con- 
cave sky. lf we now immerse in the bowl a large 
circular ring obliquely, so that one-half of it is 
above the surface of the water and the other half 
w, this ring will represent the orbit of a pla- 
inclined to the ecliptic or to the fluid surface; 
if we take two large rings or hoops of nearly 
equal size, and place the one within the other ob- 
liquely, so that the half of the one hoop may be 
above, and the opposite half below the other hoop, 
it will convey an idea of the inclination of a pla- 
net’s orbit to the plane of the ecliptic. Thus, if the 
circle EF G H (Fig. 10) represent the plane of the 
earth’s orbit or the ecliptic, the circle A B C D 
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ing in the direction AID, 





al 
Z es 
may represent the orbit of a planet which is in- 
clined to it; the semicircle J A B K being below 
the level of the ecliptic, and the other half or 
semicircle being above it. The points of inter- 
section at J and K, where the circles cut one an- 
other, are called the nodes. If the planet is mov- 
the point J, where it 


ascends above the plane, is called the ascending 
node, and the opposite point, K, the descending 


Fig. 10. 





node. he line I K, which joins the nodes, jis 
called the line of the nodes, which, in the different 
planetary orbits, points to different parts of the 
heavens. It is when Mercury and Venus are at 
or near the line of the nodes that they appear to 
make a transit across the sun’s disc. ‘The moon’s 


orbit is inclined to the plane of the earth’s orbit 


in an angle of about five degrees; and it is only 
when the full moon or change happens at or near 
the nodes that an eclipse can take place, because 
the sun, moon, and earth are then nearly in the 
same plane; at all other times of full or change, 
the shadow of the moon falls either above or be- 
low the earth, and the shadow of the earth either 
above or below the moon. The ecliptic is sup- 
posed to be divided into twelve signs, or 360 de- 
grees, which have received the names:— Aries, 
Taurus, Gemini, Cancer, Leo, Virgo, Libra, Scor- 
pio, Sagittarius, Capricornus, Aquarius, Pisces.— 
Each of these signs is divided into thirty equal 
parts, called degrees; each degree into sixty parts, 
or minutes; each minute into sixty parts, or se- 
conds, &c. 

Having stated. the above definitions, which it 
may be useful to keep in mind in our further dis- 
cussions, I shall proceed to a particular descrip- 
tion of the motions and other phenomena of 
Venus. 

General Appearances and apparent motions of 
Venus.—This planet, as already noticed, is, only 
seen fora short time, either after sunset in the 
evening, or in the morning before sunrise. It 
has been frequently seen by means of the tele- 
scope, and sometimes by the naked eye, at noon- 
day, but it was never seen at midnight, as all the 
other planets may be, with the exception of Mer- 
cury. It never appears to recede further from the 
sun than forty-seven degrees, or about half the 
distance from the horizon to the zenith. Of 
course, it was never seen rising in the east, or 
even shining in the south, after the sun had set in 
the west, as happens in regard to all the other 
heavenly bodies, with the exception now stated. 

When this planet, after emerging from the 
solar rays, is first seen in the evening, it appears 
very near the horizon about twenty minutes after 
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sunset, and continues yisible only for a very short 
time, and descends below the horizon not far from 
the point where the sunwent down. Every suc- 
ceeding day its apparent distance from the sun 
increases; it rises to a higher elevation, and con- 
tinues a longer time above the horizon. Thus it 
appears to move gradually eastward from the sun 
for four or five months, until it arrives at the 
point of its greatest elongation, which seldom ex- 
ceeds forty-seven degrees, when it appears for 
some time stationary; after which it appears to 
commence a retrograde motion from east to west, 
but with a much greater degree of apparent velo- 
city; approaching every day nearer the sun, and 
continuing a shorter time above the horizon, 
until, in the course of two or three weeks, it 
appears lost in the splendor of the solar rays, and 
is no longer seen in the evening sky until more 
than nine or ten months have elapsed. About 
eight or ten days after it has disappeared in the 
evening, if we look at the, eastern sky in the 
morning, a little before sunrise, we shall see a 
bright star very near the horizon, which was not 
previously to be seen in that quarter; this is the 
planet Venus, which has passed its inferior con- 
junction with the sun, and has now moved to the 
westward of him, to make its appearance as the 
morning star. It now appears every succeeding 
day to move pretty rapidly from the sun to the 
westward, until it arrives at the point of its great- 
est elongation, between 45° and 48° distant from 
the sun, when it again appears stationary; and 
then returns eastward, with an apparently. slow 
motion, until it is again immersed in the sun’s 
rays, and arrives at its superior conjunction, 
which happens after the lapse of about nine 
months from the time of being first seen in the 
morning. But the planet is not visible to the 
naked eye all this time on account of its proximity 
.to the sun when slowly approaching its superior 
conjunction. After passing this conjunction it 
soon after appears in the evening, and resumes 
the same course as above stated. During each of 
the courses now described, when viewed with a 
telescope, it is seen to pass successively through 
all the phases of the moon, appearing gibbous, or 
nearly round, when it is first seen in the evening; 
of the form of a half moon when about the point 
of its greatest elongation; and of the figure of a 
erescent, gradually turning more and more slender 
as it approaches its inferior conjunction with the 
sun. Such are the general appearances which 
Venus presents to the attentive eye of a common 
observer, the reasons of which will appear from 
the following figure and explanations. 


Fig. 11. 





Let the earth be supposed at Ks 


Venus is in the position marked A, it is nearly in| full face. A 
a line with the sun as seen from the earth, in! exhibits a gibbous phase, 
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which position it is said to be in its superior con- 
junction with the sun, or beyond him, in the re- 
motest part of its orbit from the earth; in which 
case the body of the sun sometimes interposes 
between the earth and Vénus; at other times it is 
either a little above or below the sun, according 
as it happens to be either in north or south lati- 
tude. When it is in this position, the whole of 
its enlightened hemisphere is turned toward the 
earth. As it moves on its orbit from A to B, 
which is from west to east, and is called its direct 
motion, it begins to appear in the evening after 
sunset. When it arrives at B, it is seen among 
the stars at L, in which position it assumes a gib- 
bous phase, as a portion of its enlightened hemi- 
sphere is turned from the earth. When it arrives 
at C, it appears among the stars at M, at a still 
greater distance from the sun, and exhibits a less 
gibbous phase, approaching ‘to that of a half 
moon. . When arrived at D,it is at the point of 
its greatest eastern, elongation, when it appears 
like a half moon, and is seen among the stars at 
N; it now appears for some time stationary; after 
which it appears to move with a rapid course in 
an opposite direction, or from east to west, during 
which it presents the form of a crescent, until it 
approaches so near the ‘sun as to be overpowered 
with the splender of his rays. When arrived at 
E, it is said to be in its inferior conjunction, and, 
consequently, nearest the earth. In this position 
it is just 27 millions of miles from the earth- 
whereas, at its superior conjunction, it is no less 
than 163 millions of miles from the earth, for it 
is then farther from us by the whole diameter of 
its orbit, which ‘is 136 millions of miles. This is 
the reason why it appears much smaller at its su- 
perior conjunction than when near its inferior; 
although, in the latter case, there is only a:‘small 
crescent’ of its light presented to us, while in the 
former case its full enlightened hemisphere is 
turned to the earth. i 

The following figure will exhibit more dis- 
tinctly the phases of this planet in the different 
parts of its course, and the reason of the diffe- 
rence of its apparent magnitude in different 
points of its orbit. At A it is in the superior 
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then when | conjunction, when it presents to our view a round 


At B it appears as an evening star, and 
somewhat less than a 
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full moon. At D it approaches somewhat.nearer 
toahalf moon. At E, near the point of its edst- 
ern elongation, it appears like a half moon. 
During all this course it moves from west to east. 
From F' to J it appears to move,in a contrary 
direction, from east to west, during which it as- 
sumes the figure of a crescent, gradually dimin- 
ishing in breadth, but increasing in extent, until 
it arrives at J, the point of its inferior conjunc- 
tion, when its dark hemisphere is turned toward 
the earth, and is consequently invisible, being in a 
situation similar to that of the moon at the time 
of change. It is seen no longer in the evenings, 
but soon appears in the morning under the figure 
of a slender crescent, and passes through all the 
other phases represented in the diagram, at M, N, 
O, &c., until it arrives again at A, its superior 
conjunction. The earth is here supposed to be 
placed at K; and if it were at rest in that posi- 
tion, all the changes now stated would happen in 
the course of 224 days. But as the earth is 
moving forward in the same direction as the 
nlanet, it requires some considerable time before 
Venus ¢an overtake the earth, so as to be in the 
same position as before with respect to the earth 
and the sun. The time, therefore, that intervenes 
between the superior conjunction and the same 
conjunction again, is nearly 584 days, during 
which period Venus passes through all the variety 
of its motions and phases as a morning and even- 
ing star. ' 

This diversity of motions and phases, as for- 
merly stated, serves to prove the truth of the sys- 
tem, now universally received, which places the 
sun in the center, and the earth beyond the orbit 
of Venus. In order to illustrate this point to the 
astronomical tyro in the most convincing manner, 
I have frequently used the following plan.. With 
the aid of a planetatium, and by means of an 
ephemeris or a nautical almanac, I place the earth 
and Venus in their true positions on the planeta- 
rium, and then desire the learner to place his eye 
ina line with the balls representing Venus and 
the earth, and to mark the phase of Venus, as seen 
from the earth, whether gibbous, a half moon, or 
acrescent. I then adjust an equatorial telescope 
(if the observation be in the day-time), and, point- 
ing it to Venus, show him this planet with the 
same phase in the heavens; an experiment which 
never fails to,please and to produce conviction. 

It has generally been asserted \by astronomers 
that it is impossible to see Venus at the time of 
its superior conjunction with the sun. Mr. Ben- 
jamin Martin, in his ‘‘Gentleman and Lady’s 
Philosophy,’ vol. i, says, “At and about her up- 
per conjunction Venus cannot be seen, by reason 
of her nearness to the sun.’ And in his * Philo- 
sophia Britannica,” vol. iii, the same opinion is 
expressed: “At her superior conjunction Venus 
would appear a full enlightened hemisphere, were 
tt not that she is then lost in. the sun’s blaze, or hid- 
den behind his body,”* Dr. Long, in his “Astro- 
nomy,” vol. i, says, “ Venus, in her superior con- 
junction, if she could be seen, would appear round 
like the full moon.’’, Dr. Brewster, in. the article 


of Astronomy in the “ Edifburgh Encyclopedia,” 


eo describing the phases,of Mereury and Ve- 
- Dus, says, “ Their luminous. side is completely 
turned to the earth at the time of their superior 
conjunction, when they would appear like the 
full moon, ¢f they were not then eclipsed by the rays 
of the sun.”? The same opinion. is: expressed in 
similar phrases by Ferguson, Gregory, Adams, 
Gravesend, and most other writers on the science 
of astronoii , and has been copied by all subse- 
quent compilers of treatises on this subject. In 


order to determine this. point, along with severs] 
others, I commenced, in 1813, a series of obser- 
vations on the celestial bodies in the day-time, by 
means of an equatorial instrument. On the 5th 
of June that year, a little before ,midday, wh 
the sun was shining bright, I saw \ 
tinctly with.a magnifying power of six 
and a few minutes afterward with a po 
.thirty, and even with a power of fifteen times. 
At this time the planet was just 3° in longi- 
tude and about 13’ in time east of the sun’s 
center, and, of course, only 234° from the sun’s 
limb. _ Cloudy weather prevented observations 
when Venus was nearer the sun.* On the 16th 
of October, 1819, an observation was made, in 
which Venus was seen when only six days and 
nineteen hours past the time of her superior con- 
junction. Her distance from the sun’s eastern 
limb was then only 1° 28’ 42”. A subsequent 
observation proved that she. could be seen when 
only 1°27’ from the’sun’s margin, which approxi- 
mates to the nearest distance from the sun at 
which Venus is distinctly visible. About the 10th 
of March, 1826, I had a glimpse. of this planet 
within a few hours of its superior conjunction, 
but the interposition of clouds prevented any par- 
ticular or continued observations. It was then 
about 1° 2514” from the sun’s center. Observa- 
tions were likewise made to determine how near 
its inferior conjunction this planet might be seen. 
The following is the observation in which it was 
seen nearest to the sun, On March 11th, 1829, at 
thirty minutes past twelve, noon, the planet being 
only thirty-five hours past the. point of its infe- 
rior conjunction, I perceived the crescent of Ve- 
nus by means of an equatorial telescope, magni- 
fying about seventy times. It appeared extremely 
slender, but distinct and well-defined, and appa- 
rently of a larger curve than that of the lunar eres- 
cent when the moon is about two days old. The 
difference of longitude between the sun and Ve- 
nus at that time was about,2° 19’. A gentleman 
who happened to be present perceived the same 
phenomenon with the utmost ease and perfect dis- 
tinctness.} 

From the above observations, the following con- 
clusions are deduced: 1. That Venus may be dis- 
tinctly seen at the moment of her superior con- 
junction, with a moderate magnifying power, 
when her geocentric latitude} at the time of con- 
junction exceeds 114°, or, at most, 1° 43’. 2. 
That during the space of 584 days, or about nine- 









* The particulars connected with this observation, and 
with those made on the other planets, and on stars of the 
first and second magnitudes, together with a description of 
the instrument, and the manner of making day observations, 
are recorded in Nicholson’s Journal of Natural Philoso. 
phy,” &c., for October, 1813, vol, xxxvi, pp. 109 to 128, in a 
communication which occupies. about. twenty pages; and 
also, in an abridged form, in the “ Monthly Magazine,* 
“Annals of Philosophy,” and other periodical journals of 
that period, During the succeeding winter the celebrated 
Mr, Playfair, professor of natural philosophy in the Univer- 
sity of Edinburgh, communicated, in his lectures. to the stu- 
dents, the principal details contained in that communication 
as new fuets in astronomical science, : 

t The. observations stated above are also recorded in sci- 
entific journals. The observation of the 16th October, 
1819, is recorded in the “ Edinburgh, Philosophical Journal,” 
No. V, for July, 1820, pp. 191,192; and in Dr. Brewster's 
second edition of “ Ferguson’s Astronomy,” vol. ii, p. 111; 
in the “ Monthly Magazine” for. August, 1820, vol. i, p. 62, 
The observation of March 11, 1822, made on Venus when 
near the inferior conjunction, is recorded at large in the 
“Edinburgh Philosophical Journal,” No, XIN, July, 1829 
pp. 177, 178, &c. i 





+ The latitude of a heavenly body-is its distance from the 
ecliptic, or the. apparent path of the sun, either north or 
south, Its geocentric latitude is its latitude as seen from the 
earth. Its heliocentric latitude is its latitude as viewed, from 
the sun. These latitudes seldom coincide, 
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teen months, the:time Venus takes in moving 
from one conjunction of the sun to a like con- 
junction again, when her latitude at the time of 
her superior conjunction exceeds 1° 43’, she may 


be seen by means of an equatorial telescope every 
clear day ito interruption, except at the mo- 
ment of her inferior conjunction, and a very short 
time before and after it, a circumstance which 
cannot be affirmed of any other celestial body, the 
sun only excepted. 3. That from the time when 
Venus ceases to be visible, prior to her inferior 


_ Conjunction, on account of the smallness of her | 


crescent and her proximity to the sun, to the mo- 
ment when. she may again be perceived in the 
day-time by an equatorial telescope, there elapses 
a period of only two days and twenty-two hours; 
or, in other words, Venus can never be hidden 
from our view about the time of her inferior con- 
es for a longer period than seventy hours. 
- That during the space of 584 days, the longest 
period in which Venus can be hidden from our 
view under any circumstances, excepting a cloudy 
atmosphere, is about sixteen days and a half.— 
During the same period, this planet sométimes 
will be hidden from the view of a common ob- 
server for the space of five or six months. 

One practical use of the above observations is, 
that they may lead to the determination of the 
difference (if any) between the polar and equato- 
rial diameters of this planet, which point has 
never yet been determined. It is well known that 
‘the earth is of a spheroidal figure, having its polar 
shorter than its equatorial diameter. Jupiter, 
Mars, and Saturn have also been ascertained to be 
oblate spheroids, and the proportion between their 
equatorial and polar diameters has been pretty ac- 
curately determined. As Venus is found to have 
a rotation round her axis, as these planets have, it 
is reasonable to conclude that she is of a similar 
figtre. It is impossible, however, to determine 
this point when she is in those positions in which 
she has generally been viewed; as at such times 
she assumes either a gibbous phase, the form of a 
half moon, or that of a crescent, in neither of 
which cases can the two diameters be measured. 
I am therefore of opinion that, at some future 
conjunction, when her geocentric latitude is\ con- 
siderable, with a telescope of a high magnifying 
power, furnished with a micrometer, this point 
might be ascertained. If the planet is then view- 
ed at a high latitude, and the sky serene, its disc 
will appear sufficiently luminous and well-defined 
for this purpose; free of that glare and tremulous 
aspect it generally exhibits when near the horizon, 
which makes it appear larger than it ought to do, 
and prevents its margin from being accurately 
distinguished. 


Such observations require a considerable degree | [ 
| Venus appeared to assume, of which I have 


of attention and care, and various contrivances 
for occasionally diminishing the aperture of the 
object-glass, and for preventing the direct rays of 
the sun from entering the tube of the telescope. 
In order to view this planet to advantage at any 
future conjunction, when in south latitude, it will 
be proper to fix a board, or any other thin opaque 
substance, at a.considerable distance beyond the 
abject end of the telescope, having such a degree 
of concave curvature as shall nearly correspond 
with a segment of the diurnal arc at that time 
“described by the sun, with its lower concave edge 
at an elevation a small degree above the line of 
collimation of the telescope, when adjusted for 
viewing the planet, in order to intercept as much as 
possible the solar rays. When the planet is in north 
latitude, the curvature of the board must be made 
convex, and placed a little below the line of sight. 
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The above figure will illustrate my idea; where 
A B (Fig. 13) represents the concave curve of the 
board to be used when the planet is in south lati- 
tude;,C, D, a segment of the apparent diurnal 
path of the planet; and E F,a segment of the 
sun’s diurnal are. Fig, 14, represents. the board 
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to be used when the planet is in north latitude, 
which requires no further description. I have 
given the above brief statement of the observa- 
tions on Ve:tus because they are not yet generally 
known, and because compilers: of elementary 
books’on-astroriomy still reiterate the vague and 
unfounded assertion that it is impossible to see 
this planet at its superior conjunction, when it 
presentsa full enlightened hemisphere. ‘The cir- 
cumstance now ascertained may not be considered 
as a faet of much importance in astronomy. It 
is always uscful, however, in every department 
of science, to ascertain every fact connected with 
its principles, however circumstantial and minute, 
as it tends to give precision to its language; as it 
enables the mind to take into view every particu- 
lar which has the least ‘bearing on any object of 
investigation; and as it may ultimately promote 
its progress by leading to conclusions which were 
not at first apprehended. One of these conclu- 
sions or practical uses has been stated above; and 
another conclusion is, that such observations as 
now referred to may possibly lead to the discovery 
of planets yet unknown within the orbit of Mer- 
cury, which circumstance I shall take occasion 
more particularly to explain in the sequel. 
Discoveries made by the Telescope in relation to 
Venus.—The first circumstance which attracted 
the attention of astronomers after the invention 
of the telescope, was, the variety of phases which 


already given a description. Nothing further was 
observed to distinguish this planet until more 
than half a century had elapsed, when Cassini, 
a celebrated French astronomer, in the years 
1666-7; discovered some spots on its surface, by 
which he endeavored to ascertain the period of its 
revolution round its axis. October 14th, 1666, at 
five hours forty-five minutes, P. M., he saw a bright. 
spot near the limits between the light and 

dark side of the planet, not far from its center; 
at the same time he noticed two dark oblong spots 
near the west side of the disc, as represented in 
Fig. 15. After this he could obtain no satisfao- 
tory views of Venus until April 20th, 1667, 
about fifteen minutes before sunrise, when he 
saw upon the disc, now half enlightened, a bright 
part, distant from the southern edge about 2) 


* 
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diameter of the disc, and near 
the eastern edge. He saw, likewise, a darkish 
oblong spot toward the northern edge, as in Fig. 
16. Atsunrise he perceived that the bright part 
Fig. 15. Fig. 16. 


ae 
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fourth part of the 





was advanced farther from the southern point 
than when he first observed it, as at Fig. 17, when 
he had the satisfaction of finding an evident proof 
of the planet’s motion. -On the next day, at sun- 
rise, the bright spot was a good way off the sec- 
tion, and distant from the southern point a fourth 
part of the diameter of the disc. When the sun 
had risen six degrees above the horizon, the spot 
had got beyond the center. When the sun had 
risen seven degrees, the section cut it in halves, 
as in Fig. 18, which showed its motion to have 
some inclination toward the center.* Several ob- 


Fig. 18. 


Fig 17. 





servations of a similar kind were made about that 
time, which led Cassini to the conclusion that the 
planet revolves about its axis in a period some- 
what more than twenty-three hours. From this 
time, for nearly sixty years, we have no further 
accounts of spots having’ been observed on the 
disc of Venus. 

In the year 1726, Bianchini, with telescopes of 
90 and 100 Roman palms, commenced a series of 
observations on Venus, and published an account 
of them in a book entitled, “ Hesperi et Phosphori 
nova Phenomena.’’ In these observations, we do 
not find that any one of them was continued long 
enough to discover any change of position in the 
spots at the end of the observation from what 
there was at the beginning; but at the distance 
of two and.of four days he found the same spot 
advanced so far that he concluded it must have 
gone round at.the rate of 15° in a day. This ad- 
vance would show that Venus turned round either 
“once in about twenty-four days, or in little more 

in twenty-three hours, but would not determine 

which of these was the true period. For, if an 
observer, at a given hour, suppose seven in the 
evening, were to mark the exact place of a spot, 
and at the same hour on the next day find the spot 
advanced 15°, he would not be able to determine 
Pe 

* See: “ Philosophical Transactions,” abridged by Drs. 
Hutton, Shaw, and Pearson, vol. i, part 2, p. 217; Journal 


des Savans,” vol. i, p. 2163; and « Memoires of the Royal 
Academy of Sciences.” . ms 











SCENERY. Z 


whether the spot, during that interval of twenty- 
four hours, had advanced forward only 15°, or 
had finished a revolution, and 15° more as a part 
of another rotation.* Of these two periods, Bi- 


‘anchini concluded that the rotation was accom- 


plished in twenty-four days eight hours. The 
following is the chief, if not the only observation, 
he brings forward to substantiate his conclusion. 
He saw three spots, A, 8B, C, in the situation 
represented in Fig. 19, which he and several per- 
sons of distinction viewed for about an hour 


Fig. 19. 





.when they could discover no change of place in 


their appearance. Venus being hidden behind the 
Barbarini palace, their view was interrupted for 
nearly, three hours, at the end of which they 
found that the spots had not sensibly changed 
their situation. But the inference from this ob- 
servation is not conclusive for the period of 
twenty-four days eight hours. For, during the 
three hours’ interruption, the spot C might have 
gone off the disc, and the spot B moved into its 
place, where, being near the edge, it would appear 
less than when in the middle; A, succeeding into 
the place of B, would appear larger than it did 
near the edge, and another spot might have come 
into the place of A. For that there were other 
spots, particularly one which, by the rotation of 
Venus, would have been brought into the place of 
A, appears by the figures given by Bianchini; and, 
if so, it would correspond with the rotation of 
twenty-three hours twenty minutes deduced by 
Cassini. Beside, it is impossible to make obser- 
vations on Venus for three or four hours in suc- 
cession, ‘as is here supposed, without the help of 
equatorial instruments, which were not then in 
use, as this planet is seldom more than three 
hours above the horizon after sunset; and when 
it descends within 8° or 10° of the horizon, it is 
impossible to see its'surface with any degree of 
distinctness, on account of the brilliancy of its 
light, and the undulating vapors near the horizon, 
which, in some cases, prevent even its phase from 
being accurately distinguished. In the commnu- 
nication in “ Nicholson’s Journal’? for 1813, 
already referred to, I have shown how the dispute 
in reference to the rotation of Venus may be 
settled, by commencing a series of observations 
on this planet in the day-time, when its spots, if 
any were perceived, could be traced in their mo- 
tion for twelve hours or more. Mr. Ferguson, in 
his astronomy, by adopting the conclusion of Bi- 
anchini, has occupied a number of pages in de- 
scribing the phenomena of Venus.on this suppo- 
sition, which description is altogether useless, and 
conveys erroneous ideas of the circumstances 
connected with this planet, if the period deter- 
mined by Cassini (as is most probable) be correct. 
Mr. Schroeter, formerly mentioned, who has’ 
been a most diligent and accurate observer of the 
heavens, commenced a series of observations, in 
order to determine the daily period of this planet 





* See some particular remarks on 
with a figure, in my volume 
ciety,” section 3, 


this subject, illustrated 
“On the Improvement of So- 


¥ 
He observed particularly the different shapes of. 
the two horns of Venus. Their appearance gene- 
rally varied in a few hours, and became nearly 
the same at the corresponding time of the subse- 
quent day, or, rather, about half an hour sooner 
every day. Hence he concluded that the period 
must be about twenty-three hours and a half; that 
the equator of the planet is considerably inclined 
to the ecliptic, and its pole at a considerable dis-, 
tance from the point of the horn. From several 
observations of this kind he found that the period 
of rotation must be twenty-three hours, twenty- 
one minutes, or only one minute more than had 
been assigned by Cassini; and this, we have rea- 
son to believe, is about the true period of this 
planet’s revolution round its axis, being thirty-five 
minutes less than the period of the earth’s rota- 
tion, which is twenty-three hours fifty-six mi- 
nutes. I have stated these observations respect- 
ing the rotation of Venus at some length, because 
they are not generally known to common readers 
on this subject, or noticed in modern elementary 
books on astronomy, and that the general reader 
may perceive the reason of the dispute which has 
arisen among astronomers on this point. 
Mountains on Venus.—Mr. Schroeter, in his 
observations, discovered several mountains on this 
planet, and found that, like those of the moon, 
they were always highest in the southern hemi- 
sphere; their perpendicular hights being nearly as 
the diameters of their respective planets. J*rom 
the 11th of December, 1789, to the 11th of Janu- 
ary, 1790, the southern‘horn, 6 (Fig. 20), appear- 
ed much blunted, with an enlightened mountain, 


Fig. 20. Fig. 21 
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m, in the dark hemisphere, which he estimated at 
about 18,300 toises, or nearly twenty-two miles 
in perpendicular hight. It is quite obvious that 
if such a bright spot as here represented was 
regularly or, periodically scen, it must indicate a 
very high elevation on the surface of the planet, 
and its precise hight will depend upon its distance 
from the illuminated portion of the disc, or, in 
other words, the length of ‘its shadow. ‘It.is pre- 
cisely in such a way that the mountains in the 
moon are distinguished. Mr. Schroeter measu red 
the altitude of other three mountains, and obtain- 
ed the following results: hight of the first, nine- 
teen miles, or about five times the hight of Chim- 
borazo; hight of the second, eleven miles and a 
half; and of the third, ten miles and three quar- 
ters. These estimates may, perhaps, require cer- 
‘tain corrections in future observations. 

Atmosphere of Venus.—¥rom several of Mr. 
Schroeter’s observations, he concludes that Venus 
has an atmosphere of considerable extent. On the 
10th of September, 1791, he observed that the 
southern cusp of Venus disappeared, and was bent 
like a hook about eight seconds beyond the lumi- 
nous semicircle into the dark hemisphere. ‘The 
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northern cusp had the same tapering termination, 
but did not encroach upon the dark part of the 
disc. A streak, however, of glimmering bluish 
light proceeded about eight seconds along the 
dark line, from the point of the cusp, from 6 to ¢ 
(Fig. 21), 6 being the extremity of the diameter 
of a 6, and consequently, the natural termination 
of the cusp. The streak bc, verging to a pale 
gray, was faint when compared with the light of 
the cusp at b. I was struck with a similar ap- 
pearance when observing Venus, when only thirty- 
five hours past her inferior conjunction, on March 
11, 1822, as formerly noticed.(p. 32). One of the 
cusps, at least, appeared to project into the dark 
hemisphere, like a fine lucid thread, beyond the 
luminous semicircle. This phenomenon Mr. 
Schroeter considers as the twilight, or crepuscular 
light of Venus. From these and various other 
observations, which it would be too tedious to de- 
tail, he concludes, on the ground of various cal- 
culations, that the dense part of the atmosphere 
of Venus is about 16,020 feet, or somewhat above 
three miles high; that it must rise far above the 
highest mountains; that it is more opaque than 
that of the moon; and that its density is a suffi- 
cient reason why we do not discover on the sur- 
face of Venus those superficial shades and varie- 
ties of appearance which are to be seen on the 
other planets. ; 

Day Observations on Venus.— The most dis- 
tinct and satisfactory views I have ever obtained 
of this planet were taken at noonday, or between 
the hours: of ten in the morning and two in the 
afternoon, when it happened to be at a high ele- 
vation above the horizon, which is generally the 
case during the summer months. The light of 
this planet is so brilliant, that its surface and mar- 
gin seldom appear well-defined in the evening, 
even with the best telescopes. But in the day- 
time its dise and margin present a sharp and well- 
defined aspect with a good achromatic telescope, 
and almost completely free. of those undulations 
which obscure its surface when near the horizon. 
The following figure (No.1) represents one of 
the appearances of Venus which I have frequent- 
ly seen in the day-time when viewing this planet 
at.a high altitude and in a serene sky, when near 
the. meridian, by means of a three-and-a-half feet 
achromatic telescope, magnifying about 150 times. 


Fig. 22. 


































































































The exterior curve of the planet, as here ex- 
hibited, appeared far more lucid and bright than 
the interior portion. It was not a mere stripe ox 
luminous margin, but a broad semicircle, of a 
breadth nearly one-third of the semidiameter of 
the planet. It appeared as if it were a kind of 
table-land, or a more elevated portion of the ple- 
net’s surface, while the interior and darker part 
appeared more like a plain, diversified with ine- 
qualities, and two large spots, somewhat darker 
than the other parts, were faintly marked. The 
appearance was somewhat similar to that of cer- 
tain portions of Be level parts of the moon which 
lie adjacent to a ridge of mountains or a range ol 
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elevated ground. I have exhibited: this view of 
Venus at different times to various individuals, 
and even those not accustomed to look through 
telescopes could plainly perceive it. I consider it 
as a corroboration of the fact, that mountains of 

reat elevation exist on the surface of this planet. 
There appeared likewise some slight indentations 
in the boundary which separated the dark from 
the enlightened hemisphere, which circumstance 
leads to the same conclusions. ‘If the whole hemi- 
sphere of the planet had been enlightened, it 
would probably have appeared as in No.2. On 
the whole, I am of opinion that future discoveries 
in relation to Venus will be chiefly made in the 
day-time, by large telescopes adapted to equato- 
rial machinery, when such instruments shall be 
brought into use more than they have hitherto 
been. Venus, however, is the only planet on, 
which useful observations can be made in the day- 
time; for although several of the other planets 
can be perceived; even at noonday, particularly 
Jupiter, yet they present a very obscure and 
cloudy appearance compared with Venus, on ac- 
count of the comparatively small quantity of solar 
light which falls upon their surfaces. 

Supposed Satellite of Venus.—Several astrono- 
mers have been of opinion that Venus is attended 
with a satellite, although it is seldom to be seen. 
It may not be improper to give the reader an 
abridged view of the observations on which this 
opinion is founded, that he may be able to judge 
for himself. The celebrated Cassini, who disco- 
vered the rotation of Mars, Jupiter, and Venus, 
and four of the satellites of Saturn, was the. first 
who broached this opinion. The following is 
his account of the observations on which it is 
founded: ; 

«1636, August 18, at fifteen minutes past four 
in the morning, looking at Venus with a telescope 
of thirty-four feet, I saw at the distance of three- 
fifths of her diameter, eastward, a luminous ap- 
pearance, of a shape not well-defined, that seemed 
to have the same phase with Venus, which was 
then gibbous on the western side. ‘The diameter 
of this phenomenon was nearly equal to a fourth 
part of the diameter of Venus. I observed it at- 
tentively for a quarter of an hour, and having 
left off looking at it for four or five minutes, 1 
saw it no more; but daylight was then advanced. 
I had seen a like phenomenon, which resembled 
the phase of Venus; on January 25, 1672, from 
fifty-two minutes after six in the morning to two 
minutes after seven, when the brightness of the 
twilight caused it to disappear. Venus was then 
horned, and-this phenomenon, the diameter of 
which was nearly a fourth part of the diameter 
of Venus, was of the same shape. It was distant 
from the southern horn of Venus, a diameter of 
Venus én the western side. In these two obser- 
vations I was in doubt whether it was not a satel- 
lite of Venus, of such a consistence.as-not to be 
very well fitted to reflect the light of the sun, and 
which, in magnitude, bore nearly the same pro- 
portion to Venus as the moon does to the earth, 
being at the same distance from the sun and the 
earth as Venus was, the phases of which it resem- 
bled.”’ 

In the year 1740, October 23, at sunrise, Mr. 
Short, with a reflecting telescope of sixteen inches 
and a half, which magnified about sixty times, 
perceived a small star at the distance of about ten 
seconds from Venus; and, putting on a magnify- 
ing power of 240 times, he found the star put on 
the phase of Venus. He tried another magnify- 
ing power of 140 times, and even then found the 
star to have the same phase. Its diameter seemed 
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about a third of the diameter of Venus. Its light 
was not so bright or vivid, but exceedingly sharp 
and well-defined. A line passing through the 
center of Venus and it made an angle with the 
equator of about twenty degrees. He saw it, for 
the space of an hour, several times that morning; 
but, the light of the sun increasing, he lost, it 
about a quarter of an hour after eight. He says 
he looked for it every clear morning after this, but 
never saw it again.* 4 

A similar phenomenon is described as ‘having 
been seen by Baudouin, Montaigne, Rodkier, 
Montbarron, and other astronomers, and, from 
their observations, the celebrated M. Lambert, in 
the “Memoirs of the Academy of Berlin” for 
1773, gave a theory of the satellite of Venus, io 
which he concludes that its period is eleven days, 
five hours, and thirteen minutes; the inclination 
of its orbit to the ecliptic, 6334°; its distance from 
Venus, 6614 radii of that planet; and its magni- 
tude, 4-27 of that of Venus, or nearly equal te 
that of our moon. There is a singular consis- 
tency in these observations, which it is difficult to 
account for if Venus have no satellite. Astrono- 
mers expected that such a body, if it existed, 
would be seen as a small dark spot upon the sun 
at the time of the transits of Venus in 1761 and 
1769; but no such phenomenon seems to have 
been noticed at those times by any of the obser- 
vers. Lambert, however, maintains, from the 
tables he calculated in relation to this body, that 
the satellite, if it did exist, might not have passed 
over the sun’s dise at the time of the transits, but 
he expected that it might be seen alone on the 
sun when Venus passed near that luminary. 

The following is a particular account of tne 
observations made by Mr. Montaigne:—May 3, 
1760, he’ perceived, at twenty minutes distance 
from Venus, a small crescent, with the horns 
pointing ‘the same way as those of Venus. Its 
diameter was a fourth of that of its primary; and 
aline drawn from Venus to the satellite made, 
below Venus, an angle with the vertical of about 
twenty degrees toward the south, as in Fig. 22, 
No. 3, where Z N represents the vertical, and E 
C a parallel to the ecliptic, making then an angle 
with ‘the vertical of forty-five degrees. The 


Fig. 22.—No, 3. 
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numbers 3, 4, 7, 11, mark the situations of the 
satellite on the respective days. May 4th, at the 
same hour, he saw the same star, distant from 
Venus about one minute more than before, and 





*«< Philosophical Transactions,” No. 459, 


February and March, 1741. for January, 


DIFFICULTY OF SEEING THE SATELLITE. 


making an angle with the vertical of ten degrees 
below, but on the north side; so that the satellite 
seemed to have described an arc of about thirty 
degrees, whereof Venus was the center, and the 
radius twenty minutes. The two following nights 
being hazy, Venus could not be seen. I 
7th, at the same hour as on the preceding days, 
he saw the satellite again, but above Venus, and 
on the north side, as represented at 7, between 
twenty-five and twenty-six minutes, upon a line 
which made an angle of forty-live degrees with 
the vertical toward the right hand. It appears by 
the figure that the points 3 and 7 would have been 
diametrically opposite if the satellite had gone 
fifteen degrees more round the central point where 
Venus is represented. May 11th, at nine o’clock, 
p. M., the only night when the view of the planet 
was not obscured by moonlight, twilight, or 
clouds, the satellite appeared, nearly at the same 
distance from Venus as before, making, with the 
vertical, an angle of forty-five degrees toward the 
south, and above its primary. . The light, of the 
satellite was always very weak; but it had always 
the same phase with its primary, whether viewed 
with it in the field of the telescope or alone by 
itself. “He imagined that the reason why the 
satellite had been so frequently looked for without 
success might be, that one part of its globe was 
crusted over with spots, or otherwise’ unfit to 
reflect the light of the sun with any degree of 
brilliancy, as is supposed to be the case with the 
fifth satellite of Saturn. 

It is evident that, if Venus have a satellite, it 
must be difficult to be seen, and can only be per- 
ceived in certain favorable positions. It cannot 
be seen when nearly the whole of its enlightened 
hemisphere is turned to the earth, on account of 
its great distance at such a time, and its proximity 
to the sun; nor could it be expected to be seen 
when the planet is near its inferior conjunction, 
as it would then present to the earth only a very 
slender crescent, beside being in the immediate 
neighborhood of the sun. The best position in 
which such a body might be detected is near the 
time of the planet’s greatest elongation, and when 
it would appear about half enlightened. If the 
plane of its orbit be nearly coincident with the 
plane of the planet’s orbit, it will be frequently 
hidden by the interposition of the body of Venus, 
and likewise when passing along her surface in 
the opposite point of its orbit; and if one side of 
this body be unfitted for reflecting much light, it 
will account in part for its being seldom seen. 
It is not sufficient in this case, to say, as Sir David 
Brewster has done, “ that Mr. Wargentin had in 
his possession a good achromatic telescope, which 
always showed Venus with such a satellite, and 
that the deception was discovered by turning the 
telescope about its axis.” For we cannot, suppose 
that such accurate observers as those mentioned 
above would have been deceived by such an 
optical illusion; and, beside, the telescopes which 
were used in the observations alluded to were 
both refractors and reflectors, and it is not likely 
that both kinds of instruments would produce an 
illusion, especially when three different powers 
were applied, as in Mr. Short’s observations. 
Were the attention of astronomers more particu- 
larly directed to this point than it has hitherto 
been; were the number of astronomical observers 
increased to a much greater degree than at pre- 
sent; and were frequent observations on this 
planet made in the clear and serene sky of tropi- 
cal climes, it is not improbable that a decisive 
opinion might soon be formed on this point; and, 
if a satellite were detected, it would tend to pro- 
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mote the progress and illustrate the deductions 


of physical astronomy. It is somewhat proba- 


ble, reasoning a prior, that Venus, a planet nearly 


|as large as the earth, and in its immediate neigh- 


borhood, is accompanied by a secondary attendant. 

Transits of Venus.—This planet, when in cer- 
tain positions, is seen to pass like a round black 
spot across the disc of the sun. These transits, 
as they are called, are of rare occurrence, and 
take place at intervals of 8 and 113 years. If the 
plane of, the orbit of Venus exactly coincided 
with that of the earth, a transit would happen at 
regular intervals of little more than nineteen 
months; but as one-half of this planet’s orbit is 
three degrees and a half below the plane of the 
earth’s orbit, and the other half as much above it, 
a transit can only take place when it happens to 
be in one of the nodes, or intersections of the 
orbits, about the time of its inferior conjunction. 
These transits of Venus are phenomena of very 
great importance in astronomy, as it is owing to 
the observations which have been made on them, 
andthe calculations founded on these observa- 
tions, that the distance of the sun has been very 
nearly ascertained, and the dimensions of the 
planetary system determined to a near approxi- 
mation to the truth. It would be too tedious to 
enter into a particular explanation of the process 
and calculations connected with this subject, and, 
therefore, I shall only, in a few words, explain the 
principle on which the deductions are founded. 
Suppose B A (Fig. 23) to represent the earth; v, 
Venus; and S§ the sun. Suppose two specta- 
tors, A and B, at opposite extremities of that 
diameter of the earth which is perpendicular to 


Fig. 23. 





the ecliptic; then, at the moment when the ob- 
server at B sees the center of the planet projected 
at D, the observer at A will see it projected at C. 
If, then, the two observers can mark the precise 
position of Venus on the sun's disc at any given 
inoment, or note the precise time of ingress or 
egress of the planet, the angular measure of C D, 
as seen from the earth, might be ascertained. 
Since A C and B D are straight lines crossing 
each other at v, they consequently make equal 
angles on each side of the point v; and C D will 
be to B A as the distance of Venus from the sun 
is to her distance from the earth; that is, as 68 to 
27, or nearly as 24g to 1; for Venus is 68 millions 
of miles from the sun, and 27 millions from the 
earth, at the time of a transit or an inferior con- 
junction. C D, therefore, occupies a space on 
the sun’s dise 214 times as great as the earth’s 
apparent diameter at the distance of the sun, or, 
in other words, it is equal to five times the sun’s 
horizontal parallax; and, therefore, any error that 
might occur in measuring it will amount to only 
one-fifth of that error on the horizontal parallax 
that may be deduced from it; and it is on the 
ground of this parallax that the distance of the 
sun is determined. ‘The result of all the observa- 
tions made on the transits which happened in 
1761 and 1769, gives about 844 seconds as the 
horizontal parallax of the sun, which makes his 
distance 95 millions of miles. The distance is 
considered by the most enlightened astronomers 
as within one-fiftieth part of the true distance of 
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the sun from the earth; so that no future obser- 
vations will alter this distance so as to increase or 
diminish it by more than two millions of miles. 

The future transits of Venus for the next 400 
years are as follows: 


Hours. Minutes. 


1874, December Gili fete cs ete 


4 8a.™M. 
1882, December 6th........ 4 16 P. m. 
9004, alune Stic a. ts..vle s.clers 8 51 a. M. 
D012 une: Sty aw ds ataele viene 1 17 a.m. 
2117, December 11th....... 2 57 a.m. 
9125, December 8th......... 3 OP. mM. 
OO, UNS LLG «phase ajooh rt nO Re Up. Mls 
SOHO, UTNE Ohl ts. orn. siafesetalors 4 44 a.m. 


Some of these transits will last nearly seven 
hours. The next two transits will not be visible 
throughout their whole duration in Britain or in 
most countries in Europe. Such was the im- 
portance attached to the observations of the last 
transits, in 1761 and 1769, that several of the Eu- 
ropean states fitted out expeditions to different 
parts of the world, and sent astronomers with 
them, to make the requisite observations. ‘This 
was one end, among others, of the celebrated ex- 
pedition of Captain Cook, in 1769, to the islands 
of the Pacific Ocean; and the transit was ob- 


served in T'ahili, now so celebrated on account of } 


the moral revolution which has lately taken place 
among its inhabitants. 

Magnitude and Extent of Surface on this Planet. 
—The diameter of Venus has been computed at 
about 7800 miles; and, consequently, its surface 
contains 191,134,944, or above 191 millions of 
square miles. Taking, as formerly, the popula- 
tion of England as a standard, this planet would 
contain a number of inhabitants equal to more 
than 53,500 millions, or nearly sixty-seven times 
the population of our globe. It does not appear 
that any great quantity of water exists upon this 
planet, otherwise there would be a greater con- 
trast between the different parts of its surface, the 
water presenting a much darker hue than the 
land. For,if from a high mountain we survey a 
scene in which a portion of a large river or of 
the ocean is contained, when the sun is shining 
on all the objects, we shall find that the water 
presents a much darker appearance than the land, 
as it absorbs the greater part of the rays of light, 
except in a few points between our eyes and the 
sun, where his rays are reflected from the surface 
of the fluid; but these partial reflections would 
be altogether invisible at the distance of the 
nearest planet. It is pretty evident, however, 
from what has been formerly stated, that there is 
a great diversity of surface on this planet; and if 
some of its mountains be more than twenty miles 
in elevation, they may present to view objects of 
sublimity and grandeur, and from their summits 
extensive and diversified prospects of which we 
can form no adequate conception. So that Ve- 
nus, although a small fraction smaller than the 
earth, may hold a rank in the solar system, and 
in the empire of the Almighty, in point of popu- 
lation and sublimity of scenery, far surpassing 
that of the world in which we dwell. 

Having dwelt so long on the phenomena of this 
planet, I shall state only the following additional 
particulars: The quantity of light on Venus is 
nearly twice as great as that on the earth, which 
will, doubtless, have the effect of causing all the 
colors reflected from the different parts of the 
scenery of that planet to present a more vivid, 
rich, and magnificent appearance than with us. 
It is vrobable, too, that a great proportion of the 
objects on its surface are fitted to reflect the solar 





CELESTIAL SCENERY. 


rays with peculiar splendor; for its light is so in- 
tense as to be distinctly seen by telescopes in the 
day-time; and, during night, the eye is so over- 
powered by its brilliancy as to prevent its surface 
and margin from being distinctly perceived. Were 
we to indulge our imaginations on this subject, 
this circumstance might lead us to form various 
conceptions of the glory and magnificence of the 
diversified objects which may be presented to the 
view of the intellectual beings who inhabit this 
world; but, in the meantime, we have no suffi- 
cient data to warrant us in indulging in conjec- 
tural speculations. The apparent size of the sun 
as seen from Venus, compared with his magnitude 
as seen from the earth, is represented in fig. 24, 
the larger circle showing the size of the sun from 
Venus. 


Fig. 24. 





With regard to the heat in this planet, according 
to the principles and facts formerly stated (page 
28), it may be modified by the constitution of its 
atmosphere and the nature of the substances 
which compose its surface, so that its intensity 
may not be so great as we might imagine from 
its nearness to the sun. Even on the supposition 
that the intensity of the heat of any body is 
inversely as the square of its distance from the 
sun, it has been calculated that the greatest heat 
in Venus exceeds the heat of St. Thomas, on the 
coast of Guinea, or of Sumatra, about as much 
as the heat in those places exceeds that of the 
Orkney Islands or that of the city of Stockholm; 
and, therefore, at 60 degrees north latitude on that 
planet, if its axis were perpendicular to the plane 
of its orbit, the heat would not exceed the greatest 
heat of the earth, and, of course, vegetation like 
ours could be carried on, and animals of a terres- 
trial species might subsist. But we have no need 
to enter into such calculations in order to prove 
the habitability of Venus, since the Creator has, 
doubtless, in this as well as in every other case, 
adapted the structure of the inhabitant, to the 
nature of the habitation. 

In addition to the above, the following facts 
may be stated: Venus revolves in xa orbit which 
is 433,800,000 of miles in circumference in the 
space of 224 days 16 hours; its rate of motion is 
therefore about eighty thousand miles every hour; 
one thousand three hundred and thirty miles every 
minute, and above twenty-two miles every sec- 
ond. Its distance from the sun is 68 millions of 
miles; and its distance from the earth, when 
nearest us, is about 27 millions of miles, which 
is the nearest approach that any of the heavenly 
bodies (except the moon) make to the earth. Yet 
this distance, when considered by itself, is very 
great; for it would require a cannon ball six years 
and three months to move from the earth to the 
nearest point of the orbit of Venus, although it 
were flying every moment at the rate of 500 miles 
an hour, or 12,000 miles a day. Were the en- 
lightened hemisphere of the planet turned to the 
earth when it is in this nearest point of its orbit, 
it would appear like a brilliant moon, twenty-five 
times larger than it generally does to the naked 
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eye; but at that time its light side is turned to | 
the sun and away from the earth. At its greatest 
distance from us it is 163 millions of miles from | 
the earth. The period of its greatest brightness 
is when it is about forty degrees from the sun, 
either before or after its inferior conjunction, at 
which time there is only about one-fourth part of 
its disc that appears enlightened. In this position 
it may sometimes be seen with the naked eye even 
amid the splendors of noonday. In the evening 
it casts a distinct shadow on a horizontal plane. 
Sir John Herschel remarks, that this shadow, to 
be distinguished, “must be thrown upon a white 
ground. An open window in a_ whitewashed 


room is the best exposure; in this situation I have | 


observed not only the shadow, but the diffracted 
fringes edging its outline.’’ ~ The density of Ve- 
nus compared with that of the sun is as 1 to 
383,137, according to La Place’s calculations, 
while that of the earth is as 1 to 329,630;. so that 
the earth is somewhat denser than Venus. A 
body weighing one pound on the earth will weigh 
only 15 oz. 10 dr. on the surface of Venus. The 
eccentricity of the orbit of Venus is less than that 
of any of the other planets; it amounts to 492,000 
miles, which is only the 1-276th part of the diame- 
ter of its orbit, which, consequently, approaches 
very nearly to a circle. The inclination of its 
orbit to the ecliptic is 3° 23’ 33”. Its mean ap- 
parent diameter is 17”, and its greatest about 
5714”. Its greatest elongation from the sun va- 
ries from 45° to 47° 12’. Its.mean arc of retro- 
gradation, or when it moves from east to west, 
contrary to the order of the signs, is 16° 12’, and 
its mean duration forty-two days, commencing or 
ending when it is about 28° 48’ distant from the 
sun. 
facts in relation to Venus which may be consid- 
sred as interesting to the general reader. 


Ill. OF THE EARTH, CONSIDERED AS A PLANET. 


In exhibiting the scenery of the heavens, it is 
not perhaps absolutely necessary to enter into any 
particular description of the earth; but as it is 
the only planetary body with which we are inti- 
mately acquainted,and the only standard by which 
we can. form a judgment of the other planetary 
globes, and as it is connected with them in the 
same system, it may be expedient to state a few 
facts in relation to its figure, motion, structure, 
and general arrangements. 

The earth, though apparently a quiescent body 
in the center of the heavens, is suspended in 
empty space, surrounded on all sides by the ce- 
lestial luminaries and the spaces of the firmament. 


Though it appears to our view to occupy a space bodies, when le 
larger than all the heavenly orbs, yet itis, in fact, ; 


almost infinitely smaller, and holds a rank only 
with the smaller bodies of the universe; and, 
although it appears to the eye of sense immova- 
bly fixed in the same position, yet it is, in reality, 
flying through the ethereal spaces at the rate of 
more than a thousand miles every minute, as we 
have already demonstrated. The figure of the 
earth is now ascertained to be that of an oblate 
spheroid, very nearly approaching to the figure of 
a globe. An orange and a common turnip are 
oblate spheroids, and are frequently exhibited to 
illustrate the figure of the earth. But they tend 
to convey an erroneous idea; for, although a 
spheroid of ten feet diameter were constructed to 
exbibit the true figure of the earth, no eye could 
distinguish the difference between such a-spheroid 
and a perfect globe, since the difference of its two 
diameters would scarcely exceed one-third of an 


Such is a condensed view of most of the! 


39 


inch; whereas, if its diameters bore the same pro- 
portion to each other as the two diameters of an 
orange generally do, its polar diameter would be 
nearly one foot three inches shorter than its equa 
torial. Z 

Before the time of Newton, it was never. sus- 


pected that the figure of the earth differed in any 
degree from that of a perfect sphere, excepting 


the small inequalities produced by the mountains 
and vales. The first cireumstance which led to 
the determination of its true figure was an acci- 


dental experiment made with a pendulum near 


the equator. M. Richer, a Frenchman, in a voy- 
age made to Cayenne, which lies near the equa- 
tor, found that the pendulum of his clock ‘no 
longer made its vibrations so frequently as in the 
latitude of Paris, and that it was absolutely neces- 
sary to shorten it in order to make it agree with 
the times of the stars passing the meridian. Some 
years after this, Messrs. Deshayes and Varin, who 
were sent by the French king to make certain as- 
tronomical observations near the equator, found 
that the pendulum at Cayenne made 148 vibra- 
tions less in a day than at Paris, and that his 
clock was retarded by that means two minutes 
twenty-eight seconds; and was obliged to make 
his pendulum shorter by two lines, or the sixth 
part of a Paris inch, in order to make the time 
agree with that deduced from celestial observa- 
tions. Similar experiments, attended with the 
same results, were made at Martinique, St. Do- 
mingo, St. Helena, Goree, onthe coast of Africa, 
and various other places, in all which it was 
found that the alteration was the greatest under 
the equator, and that it diminished as the observer 
approached the northern latitudes. This dis- 
covery, trifling as it may at first sight appear, 
opened a new field of investigation to philosophic 
minds; and there are, perhaps, few facts through- 
out the range of science from which so many cu- 
rious and important facts have been deduced. Sir 
Isaac Newton and M. Huygens were among the 
first who perceived the extensive application of 
this discovery, and the important results to which 
it might lead. Newton, whose penetrating eye, 
traced the fact through all its bearings and re- 
mote consequences, at once perceived that the 
earth must have some other figure than what was 
commonly supposed, and demonstrated that this 
| diminution of weight naturally arises from the 
|earth’s rotation round its axis, which, according 
tothe laws of circular motion, repels all heavy 
bodies from the axis of motion; so that, this mo- 
tion being swifter at the equator than in other 
parts more remote, the weight of bodies must 
also be less there than near the poles. All heavy 
ft to themselves, fall toward the 
earth in lines perpendicular to the horizon; and, 
were those lines continued, they would all pass 
through the earth’s center. Every part of the 
earth, therefore, gravitates toward the center; and 
as this force is found to be about 289 times greater 
than that which arises from the rotation of the 
earth, a certain balause will constantly be main- 
tained between them, and the earth will assume 
such a figure as would naturally result from the 
difference of these two opposite forces. From 
various considerations and circumstances of this 
kind, Newton founded his sublime caleulations on 
this subject; and, as Fontenelle remarks, “ deter- 
mined the true figure of the earth without leay- 
ing his elbow-chair.” 

Newton and Huygens were both engaged in 
these investigations at the same time, unknown 
to each other, but the results of their calculations 
were nearly alike. They demonstrated, from the 


| 
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known laws of gravitation, that the trué figure) 


of the earth was that of an oblate spheroid, flat- 
tened at the poles, and protuberant at the equator; 
that the proportion between its polar and equa- 
torial diameters is as 229 to 230, and, consequent- 
ly, that the polar diameter is shorter than the 
equatorial by about thirty-four miles.* If these de- 
ductions be nearly correct, it follows that a degree 
of latitude in the polar regions must measure” 
more than a degree near the equator. To deter- 
mine this point by actual measurement, it was 
ordered by the French king that a degree should 
be measured both at the equator and within the 
polar circle. Messrs. Maupertuis, Clairaut, and 
others were sent to the north of Europe, and 
Messrs. Bouger, Godin, and La Condamine to 
Peru, in South America. The first of these com- 
panies began their operations at Tornea, near the 
Gulf of Bothnia, in July, 1736, and finished them 
in June, 1737. Those who were sent to Peru, 
having greater difficulties to encounter, did not 
finish their survey until the year 1741. The re- 
sults of these measurements were, that a degree 
of the meridian in Lapland contains 344,627 
French feet, and a degree of the meridian at the 
equator 340,606; so that a degree in Lapland is 
4021 H#rench feet, or 4280 English feet, longer 
than a degree at the equator; that is, they differ 
about six and a half English furlongs, or 8-10ths 
of a mile. Butif the earth had been a perfect 
sphere, a degree of the meridian in every latitude 
would have been found precisely of the same 
length. This spheroidal figure is not peculiar to 
the earth; for the planets Saturn, Jupiter, and 
Mars are likewise found to-be spheroids, and some 
of them much flatter at the poles than the earth. 
The difference between the polar and equatorial 
diameters of Jupiter is more than 6000 miles. 

From the circumstances: stated above, we may 
learn that the most minute facts connected with 
the system of nature ought to be carefully ob- 
served, investigated, and recorded, as they may 
lead to important conclusions, which, at first 
view, we may be unable to trace or to appreciate; 
for in the system of the material world, the great- 
est and most sublime effects are sometimes pro- 
duced from apparently simple and even trivial 
eauses. Who could have imagined that such a 
simple circumstance as the retardation of clocks 
in southern climes, and the shortening or length- 
ening of a pendulum, would lead to such an im- 
portant discovery as the spheroidal figure of the 
earth? Hence we may conelude, that if ten thou- 
sands of rational observers of the facts of nature 
were to be added to those who ‘now exist, many 
parts of the scenery of the universe which are 
now involved in darkness and mystery might ere 
long be unfolded to our view. 

General Aspect of the Earth’s Surface-— The 
most prominent and distinguishing feature of the 
surface of our globe is the two bands of land and 
of water into which it is divided. 'Thesé bands 
present a somewhat irregular appearance and 
form, but their greatest length is from north to 
south. One of these bands of land, generally 
denominated the eastern continent, comprehends 
Kurope, Africa, and Asia, and extends from the 
Cape of Good Hope on the south to the north- 
eastern extremity of Kamtschatka, in which di- 
rection its length measures about 10,000 miles.— 
Its greatest breadth from Corea, or the eastern 








* From a comparison of the length of different degrees of | 





the meridian, lately measured, it is probable that the diffe- 
rence of the diameters is somewhat less than is here stated, 
Its eqratorial diameter is about 7934 miles and its polar 
about 7908, ; 
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parts of Chinese 'Tartary, to the western extremi- 
ty of Africa, is about 9000 miles. The other 
band of earth is the western continent, compre- 
hending North and South America, lying between 
the Atlantic onthe east and the Pacific Ocean on 
the west. Its greatest length is about 8000 miles 
from north to south, and its greatest breadth, from - 
Nootka Sound to Newfoundland, North America, 
and from Cape Blanco to St. Roque, South Ameri- 
ca, is about 3000 miles. Beside these two larger 
bands of land, there is the large island of New 
Holland, which is 2600 miles long and 2000 
broad, which.might be reckoned a third continent; 
along with many thousands of islands, of every 
form and size, which are scattered throughout the 
different seas and oceans. The. whole of these 
solid parts of our globe comprehends an area of 
about forty-nine millions of square miles, or about 
one-fourth of the superficies of the terraqueous 
globe, which contains about one hundred and 
ninety-seven millions of square miles. Were all 
these portions of the land peopled with inhabit- 
ants in the same proportion as in England, the 
population of the globe would amount to thirteen 
thousand seven hundred and twenty millions of 
human beings, which is more than seventeen times 
its present number of inhabitants. Yet, strange 
to tell, this world has, in all ages, been the scene 
of wars, bloodshed, and contests for small patches 
of territory, although the one-seventeenth part of 
it is not yet inhabited! 

There is a striking correspondence between two 
sides of the two continents to which we have ad- 
verted, the prominent parts of the one corres- 
ponding to the indentings of the other. If we 
look at’a terrestrial globe or map of the world, 
we shall perceive that the projection of the west- 
ern coast of Africa nearly corresponds with the 
opening between North and South America, op- 
posite to the Gulf of Mexico; that the projection 
in South America, about Cape St. Roque and St. 
Salvador, nearly corresponds with the opening in 
the Gulf of Guinea; so that, if we could econ- 
ceive the two continents brought into contact, 
the openings to which I have referred would be 
nearly filled up, so as to form one compact con- 
tinent. The Gulf of Guinea would be nearly 
blocked up with the eastern coast of South Amer- 
ica, anda large gulf formed between Brazil and 
the land to the eastward of the Cape of Good 
Hope. The Gulf of Mexico would be formed 
into a kind of inland lake, and Nova Scotia and 
Newfoundland would block up a portion of the 
Bay of Biscay and the English Channel, while 
Great Britain and Ireland would block up the en- 
trance to Davis’s Straits. A consideration of 


‘these circumstances renders it not altogether im- 


probable that these continents were originally 
conjoined, and that, at some former physical re- 
volution or catastrophe, they may have been rent 
asunder by some tremendous power, when the 
waters of the ocean rushed in between them, and 
left them separated as we now behold them. That 
POWER which: is said to “remove mountains,” 
which “ shaketh the earth out of her place,’* and 
causeth “the pillars thereof to tremble,” is ade- 
quate to produce such an effect; and effects equal- 
ly stupendous appear to have been produced when 
the waters of the great deep covered the tops of 
the highest mountains, when the solid strata of 
the earth were bent and disrupted, and rocks of 
enormous size transported from one region of tho 
earth to another. There appears no great impro- 
bability in the supposition that such an event may 
have taken place at the universal deluge, when 
the original constitution of the globe seems to 
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have undergone a dreadful change and disarrange- 
ment. : ; 
Between the twe continents now mentioned are 
two immense bands of water, extending nearly 
from the northern to the southern extremities of 
the globe, one of which is 10,000, and the other 
3,000 miles broad. These vast collections of wa- 
ter surround the continents and islands, and form 
numerous seas, straits, gulfs, andsbays, which in- 
dent and diversify the coasts through every region 
of the earth. They occupy a square surface of 
148,000,000 of miles, forming about three-fourths 
of the surface of the globe, and containing about 
296,000,000 of cubical miles of water, sufficient 
to cover the whole globe to the depth of 2600 
yards, This vast superabundance of water, com- 
pared with the quantity of land, itis probable, is pe- 
culiar to our globe, and that no such arrangement 
exists on the surface of the other planets of our sys- 
tem. It is probable that such an extensive ocean 
did not exist at the period of the original forma- 
tion of the earth, and that such a disproportionate 


accumulation of water took place in consequence | 


ef the deluge. The present constitution of the 
earth, and the disproportion of the water to the 
dry land, are circumstances more adapted to a 
race of fallen intelligences than to beings in a state 
of innocence, and adorned with the image of 
their Creator. 

Beside the circumstances now stated, the earth 
is diversified with extensive ranges of mountains, 
which stretch in different directions along the 
continents and islands, rearing their summits, in 
some instances, several miles above the level of 
the ocean, and diversifying in various modes the 
landscape of the earth. From these mountains 
flow hundreds of majestic rivers, some of them 
more than 2000 miles in length, fertilizing the 
countries through which they flow, and forming 
a medium of communication between the inland 
countries and the ocean. The atmosphere is 
thrown around the whole of this terraqueous mass, 
by means of which, and the operation of the 
solar heat, a, portion of the ocean is carried up to 
the region of the clouds in the form of vapor, 
which diffuses itself over every region of the 
earth, and is again condensed into rains and dews, 
to supply the sources of rivers, and to distribute 
fertility throughout every land. ‘This atmosphere 
is the region of the winds, whether fanning the 
earth with gentle breezes, or heaving the ocean 
into mountainous billows, and overturning forests 
by hurricanes and tornadoes. It is the theater 
where thunders roll and lightnings flash, where 
the fiery meteor sweeps along with its luminous 
train, and where the aurore boreales display 
their fantastic coruseations. It is constituted by 
a law of the Creator to sustain the principle of 
life, and to preserve in existence and in comfort 
not only man, butall the tribes of animated ex- 
istence which traverse the regions of earth, aif, 
or sea, without the benign influence of which 
this globe would be soon left without a living 
inhabitant. 

Were the earth to be viewed from a point in 
the heavens, suppose from the moon, it would 
present a pretty variegated, and sometimes a mot- 
tled appearance. The distinction between its 
seas, oceans, continents, and islands would he 
clearly marked, which would appear like brighter 
and darker spots upon its disc. The continents 
would appear bright, and the ocean of a darker 
hue, because water absorbs the greater part of 
the solar light that falls upon it. The level plains 
(excepting, perhaps, such spots as the Arabian 
deserts of sands) would appear of a somewhat 
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darker color than the more elevated and moun- 
tainous regions, as we find to be the case on the 
surface of the moon. The islands would appear 
like small bright specks on'the darker surface of 
the ocean; and the lakes and Mediterranean seas 
like darker spots, or broad streaks intersecting the 
brighter parts of the land. By its revolution 
round its axis, successive portions of its surface 
would be brought into view, and present a diffe- 
rent aspect from the parts which preceded. Were 
the first view taken when the middle of the Pa- 
cific Ocean appeared in the center,’almost the 
whole hemisphere of the earth would present a 
dull and somber aspect, except a few small spots 
near the middle, where the Marquesas, the Sand- 
wich, and the Society Isles are situated, and some 
bright streaks on its north-eastern, north-western, 
and south-western borders, where the north-west- 
ern parts of America, the north-eastern parts of 
Asia and New Holland are situated. In about six 
hours afterward the whole of Asia, with its large 
islands, Borneo, Sumatra, New’ Guinea, &c., 
would come into view and diversify the scene, hav- 
ing a portion of the Pacific on the east, and the 
Indian Ocean and a portion of Africa on the west. 
In another six hours the whole of Africa and Eu- 
rope, the Atlantic Ocean, and the eastern part of 
South America, would make their appearance; 
and in six hours more the whole of North and 
South America would appear near the center of 
the view, having the Atlantic Ocean on the east 
and the Pacific on the’west. All these views 
would present a considerable variety of aspect, 
but in every one of them the darker shades would 
appear to cover the greater part of the view, ex- 
cept, perhaps, in that view which takes in the 
whole of Asia and part of Africa and Europe.— 
Each of these views occasionally present a mot- 
tled and unstable appearance, on account of the 
numerous strata of clouds suspended over ditfe- 
rent regions, which would be seen frequently to 
shift their positions. These clouds, when dense, 
and accumulated over particular countries, would 
prevent certain portions of the land and water 
from being distinctly perceived. They would 
sometimes appear like bright spots upon the ocean, 
by the reflection of the solar rays from their up- 
per surfaces, and sometimes like dark spots over 
the land. The following figures represent two 
of the views to which we have alluded: 


Fig. 25. Fig. 26. 





















































































































































































































































Fig. 25, represents the appearance of the earth 
when the middle of the Pacific is in the center of 
the view. Fig. 26, is the appearance when the 
Atlantic is presented to the spageer eye, with 
South and part of North America on the west, 
and Europe, Africa, and a portion of Asia on the 
east. 

Internal Structure of the Earth—We are now 
pretty well acquainted with the general outline of 
the surface of the earth, and the different ramifi- 
cations of land and water With which it is diver- 
sified, except those regions which lie adjacent to 
the poles. But our knowledge of its internal 
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structure is extremely limited. The -deepest 
mines that have ever been excavated do not de- 
scend above a mile from the surface, and this 
depth is no more, compared with the thickness of 
the earth, than the slight scratch of a pin upon a 
large artificial globe compared with the extent of 
its semidiameter. What species of materials are 
to be found two or three thousand miles within its 
surface, or even within fifty miles, will, perhaps, be 
forever beyond the power of mortals to determine. 
Various researches, however, have been lately 
mude as to the materials which compose its upper 
strata, immediately beneath the surface, and the 
order in which they are arranged. From these 
researches we learn that substances of various 
kinds compose the exterior crust of the globe, 
and that they are thrown together in almost every 
possible position; some horizontal, some vertical, 
and some inclined to each other at various angles. 
Geologists have arranged the strata of the crust 
of the earth into various classes: 1. Primary 
rocks, which are supposed to have been formed 
before all the others, and which compose, as it 
were, the great frame or groundwork of our 
globe. These rocks are composed of granite, 
gneiss, mica-slate, and other substances; they form 
the most lofty mountains, and, at the same time, 
extend themselves downward beneath all the 
other formations, as if all the materials on the 
surface of the globe rested wpon them as a basis. 
2. Transition rocks, which are above the primi- 
tive, and rest upon them, and are composed of the 
larger fragments of the primary rocks, consoli- 
dated into continuous masses. 'I'hese rocks con- 
tain the remains of certain organized beings, such 
as sea-shells, while no such remains are found 
among the rocks termed primitive. 3. Secondary 
recks, which lie upon, the primary and transition 
rocks, and which appear like deposits from the 
other species of rocks. The substances whieh this 
class of rocks contain are secondary limestone, 
coal, oolite, sandstone, and chalk. There are like- 
wise tertiary, basaltic, and volcanic rocks, and al- 
luvial and diluvial deposits. But it would be 
foreign to our present subject to descend into 
particulars. it; 

From facts which have been ascertained re- 
specting these and various other circumstances 
connected with the constitution of the earth, it 
has been concluded that important changes and 
astonishing revolutions have taken place in its 
physical structure since the period of its forma- 
tion; that rocks of a huge size have been rolled 
from one region of the globe to another, and been 
carried up to the tops of hills and elevated por- 
tions of the land; that the hardest masses of its 
rocks have been fractured, and its strata bent and 
dislocated; that in certain places sea-shells, sharks’ 
teeth, the bones of elephants, the hippopotamus, 
oxen, deer, and other animals, are found mingled 
together, as if they had been swept along by some 
overpowering force, amid a general convulsion of 
nature; that the bed of the ocean has been. raised 
up by the operation of some tremendous power, 
so as to form a portion of the habitable surface of 
the globe; and that the loftiest mountains were 
once covered by the waters of the ocean. From 
these and other eonsiderations we have reason to 
believe that the earth now presents a very diffe- 
rent aspect from what it did when it first pro- 
ceeded from the creating hand of its Maker, and 
Whee all things Were pronounced by him to be 

Very. good.’”’ . The earth, therefore, as presently 
constituted, ought not to be considered as. a 
standard or model to be compared with the other 
planets of our system, and by which to judge 
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| whether they appear to be fitted for being the 
abodes of intelligent beings. For, in ts present 
' state, notwithstanding the numerous objects of 
sublimity and beauty strewed over its surface, it 
can be considered as little more than a majestic 
ruin; a ruin, however, sufficiently accommodated 
to the character of the majority of inhabitants 
who have hitherto occupied its surface, whose 
conduct, in all ages, has been marked with injus- 
tice, devastation, and bloodshed. é 
Density of the Earth—In the year 1773, Dy. 
Maskeline, the astronomer royal, with other gen- 
tlemen, made a number of observations_on the 
mountain Schehallien, in Scotland, to determine: 
the attraction of mountains. After four months 
spent in the necessary arrangements and observa~- 
tions, it was ascertained beyond dispute that the 
mountain exerted a sensible attraction, leaving no 
hesitation as to the conclusioii_ that every moun- 
tain and every particle of earth is endowed with 
the same property in proportion to ‘its quantity 
of matter. The observations were made on both 
sides of the mountain, and from these it appears 
that the sum of the two contrary attractions ex- 
erted upon the plumbline of the instruments was 
equal to eleven seconds and a half. Professor 
Playfair, more than thirty years afterward, from 
personal observation, endeavored to determine the 
specific gravity or density of the materials of 
which Schehallien is composed, and after nume- 
rous experiments and calculations, it was con- 
cluded that “the mean density of the earth is 
nearly double the density of the rocks which 
compose that mountain,’? which seem to be con- 
siderably more dense than the mean of those 
which form the exterior crust of the earth. The 
density of these rocks was reckoned to be two 
and a half times the weight of water; conse- 
quently the density of the earth is to that of 
water as five to one; that is, the whole earth, 
bulk for bulk, is five times the weight of water, so 
that the earth, as now constituted, would counter- 
poise five globes of the same size composed of the 
same specific gravity as water. As the mean 
density, therefore, of the, whole earth’s surface, 
including the ocean, cannot be above twice the 
density of water, it follows that the interior of 
the earth must have a much greater density than 
even five times the weight of water, to counter- 
balance the want of weight on its surface. Hence 
we are necessarily led to conclude that the inte- 
rior parts of the earth, near the center, must con- 
sist of very dense substances, denser than evén 
iron, lead, or silver, and that no great internal 
cavity can exist within it, as some theorists have 
supposed, unless we could suppose that most of 
the materials far below the foundation of the 
ocean are much denser than the heaviest metallic 
substances. yet discovered. La Place has at- 
tempted to estimate the earth’s density near the 
center on the following data: If 5 2-5 be its mean 
density, and 3 1-8, 31-5,2 4-5, and 2 3-5 be as- 
sumed as its superficial densities, then, on the the- 
ory of compressibility, the density’at the center 
will be 1324, 1414, 1534, and 20 1-10 respective- 
ly. The least of the specific gravities (1314) is 
nearly double the density of zinc, iron, andt e ora 
of lead; and the greatest (20 1-10) is nearly equal 
to purified and forged platina, which is the most 
ponderous substance hitherto discovered. Yet 
this ponderous globe, with all the materials on its 
surface, is carried through the regions of space 
with a velocity of sixteen hundred thousand miles 
every day. 
Variely of Seasons—The annual revolution of 
the earth is accomplished in 365 days, 5 hours, 48 
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minutes, and 51 seconds. In the course of this 
revolution, the inhabitants of every clime experi- 
ence, though at different times, a variety of sea- 
sons. Spring, summer, autumn, and winter 'fol- 
low each other in constant succession, diversify- 
ing the scenery of nature, and distinguishing the 
different periods of the year. In those countries 
which lie in the southern hemisphere of the globe, 
November, December, and January, are the sum- 
mer months, while in the northern hemisphere, 
where we reside, these are our months of winter, 
when the weather is coldest and the days are 
shortest. In the northern and southern hemi- 
spheres, the seasons are opposite to each other, so 
that when it is spring in the one it is autumn in 
the other; when it is winter in southern latitudes 
itis summer with us. During six months, from 
March 21 to September 23, the sun shines without 
intermission on the north pole,so that there is no 
night there during all that interval, while the south 
pole is ‘all this time enveloped in darkness. From 
September to March the south pole enjoys the so- 
lar light, while the north, in its turn, is deprived 
of the sun and left in darkness. The sumis at dif- 
ferent distances-from the earth at different periods 
of the year, owing to the earth’s moving in an 
elliptical orbit; but it is not upon this circum- 
stance that the seasons depend. For on the first 
of January we are more than three millions of 
miles nearer-the sun than on the first of July, 
when the heat of our summer is generally great- 
est. The true cause of the variation of the seasons 
consists in the inclination of the axis of the earth 
to the plane of its orbit; or, in other words, to the 
ecliptic. If its axis were perpendicular to the 
ecliptic, the equator and the orbit would coincide; 
and as the sun is always in the plane of the 
ecliptic, it would in this case be always over the 
equator; the two poles would be always enlight- 
_ened, and there would be no diversity of days and 
nights, and but one season throughout the year. 
W hat is meant by the inclination of the axis will 
appear from the following figures. 
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Let A B represent the plane of the ecliptic, or 
the earth’s orbit, and C D (Fig 28) the axis of 
the earth, inclined at an angle of 6614° to the 
ecliptic, and 231¢° from the perpendicular EF, 
or the axis of the ecliptic, and it will represent the 
position of the axis of the earth with respect to the 
plane of its orbit. Tig. 27 represents the axis of 
the earth, G@ H, perpendicular to the ecliptic. As 
the sun can enlighten only the one-half of the 
globe ata time, it is evident that, if his rays come 
in the direction from B, Fig. 28, they cannot illu- 
minate both poles at once. While the north: polar 
circle between E and C is enlightened, the regions 
around the south pole between D and J’ must ne- 
ceessarily remain in the dark. But if the axis of 
the earth were perpendicular to its orbit, as ex- 
hibited in Fig. 27, then both poles would con- 
stantly be enlightened at the same time. The 
following figure will more particularly show the 
effect of the irclination of the axis of the earth 


‘destruction to myriads of its inhabitants. 
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; _ 
 « 
43 


during its progress through the twelve signs of 
the zodiac. (See Fig.'29.) ; 

In this representation the ellipse exhibits the 
earth’s orbit seen at a distance, the eye being sup- 
posed to be elevated a little above the plane of it. 
The earth is represented in each of the twelve 
signs, with the names of the months annexed. 
In each of the figures ¢ is the pole of the ecliptic, 
and ed its axis, perpendicular to the plane of the 
orbit. P is the north pole of the earth; P m ils 
axis, about which the earth daily turns from west 
to east, P C e-shows the angle of its inclination. 
During the whole of its course, the axis keeps 
always in a parallel position, or points always to 
the same parts of the heavens. If it were other- 


wise, if the axis of the earth shifted its position 


in any considerable degree, the most appalling 
and disastrous effects might be produced; the 
ocean in many places‘might overflow the land, 
and rush from the equator toward the polar re- 
gions, and produce a general devastation and 
If the 
axis pointed always to the ‘center of its orbit. so 
as to be continually varying its direction, all the 
objects around us would appear to whirl about us 
in confusion; there would. bé no fixed polar 
points to guide the mariner, nor could his course 
be directed through the ocean by any of the stars 


’ When ‘the earth isin the first point of Libra, 
the sun appears in the opposite point of the eclip- 
tic} at Aries, about the 21st of March; and when 
the earth is in Aries, the sun, S, will appear in 
Libra about the’ 23d:of September. At these 
times both poles of the earth. are enlightened, and 
the day and night are equal in all places. When 
the earth has moved from Libra to Capricorn, its 
axis keeping always.the same direction, all places 
within the north polar circle, P e, are illuminated 
throughout the whole diurnal revolution, at which 
time the inhabitants of those places have the sou 
more than twenty-four hours above the horizon. 
This happens at the time of our summer solstice, 
or about the 21st of June, at which time the south 
polar cirele, d m, is in darkness. While the earth 
is moving from Libra, through Capricorn, te 
Aries, the north pole, P; being in the illuminated 
hemisphere, will have six months continual day; 
but while the eatth passes from “Aries, through 
Cancer, to Libra, the north pole will be in dark- 
ness, and have coritinual night; the south pole at 
the same time enjoying continual day. When 
the earth is at Cancer, the sun appears at Capri- 
corn, at which,season the nights in the northern 
hemisphere will as much exceed the days as the 
days exceeded the nights when the earth was in 
the opposite point of its orbit. 

Our summer is nearly eight days longer than 
our winter. By summer is meant the time that 
passes between March 21 and September 23, or 
between the vernal and autumnal equinoxes; and 
by winter, the time between September 23 and 
March 21, the autumnal and vernal equinoxes. 
Tho portion of the earth’s orbit which lies north 
of the equinoctial contains 184 degrees, while 
that portion which is south of the equinoctial 
contains only 176 degrees, being eight degrees 
less than the other portion, which is the reason 
why the sun is nearly eight days longer on the 
north of the \equator than on the south. In our 
summer the sun’s apparent motion is through the 
six northern signs, Aries, Taurus, Gemini, Can- 
cer, Leo, and Virgo; and in our winter, through 
the six southern. In the former case, from March 
21 to September 23, the sun is about 186 days 11 
hours in passing through the northern signs, and 
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reason of this difference is, that the earth moves 
in an elliptical orbit, one portion of which is 
nearer the sun than another, in consequence of 
which the sun’s apparent motion is slower while 
it appears in the northern signs than while it 
traverses the southern ones. 

As the sun is farther from us in summer than 
in winter, it may naturally be asked why we ex- 
perience the greatest heats in the former season. 
The following, among other reasons, may be as- 

Fig. 30. 
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/Tangements of our terrestrial system. 


$ 


ours i i orizon in sun in winter, and, con- 

ly 178 days 18 hours in passing through the | the horizon in summer than in winter, and, 
anthers leak from depionaber 23 to March 21, | sequently, its rays falling more directly and less 
the difference being about 7 days 17 hours. 


Fig. 29. 


The | oblique, the thicker or denser will they be, and so 


much the hotter, when no coanteracting 
causes from local circumstances exist. Thus, 
supposing a parcel of rays, A BCD E (Fig. 
30), to fall perpendicularly on any plane ( 

\C), and obliquely on another plane (EC), it is 
evident they will-occupy a smaller space (D 
C) in the forme? than (£ C ) in the latter; and, 
consequently, their heat would be much 
greater in the lesser space D C than in the 
greater space EH OC. If, instead of lines, 
we suppose D C and E C to be the diameters 
of surfaces, then the heat on those surfaces 
will be inversely as the squares of the diame- 
ters. Let D C be 20 and Z C28; the square 
of 20 is 400, and the square of 28 is 784, 
which is nearly double the square of D C, 
and, consequently, there is nearly double the 
quantity of heat on D C compared with that 
on & C, in so far as it depends on the direct 
influence of the solar rays; but other ‘causes 
may concur either to diminish or inerease 
the heat in certain places, to which I have 
already alluded when describing the pheno- 
mena of Mercury. 2. The greater length 
of the day contributes to augment the heat 
in summer; for the earth and the air ure 
heated by the sun in the day-time, more than 
they are cooled in the night, and on this. ac- 
count the heat will go om increasing in the 
summer, and for the same reason will de- 
crease in winter, when: the nights are longer 
than the days. Another reason is, that in 
summer, when the sun rises to a great alti- 
tude, his rays pass through a much smaller 
portion of. the atmosphere, and are less re- 
fracted and weakened by it than when they 
fall more obliquely on the earth, and pass 
through the dense vapors near the horizon. 

The, cause of the variety of the seasons 

can be exhibited with more clearness and 
precision by means of machinery than by 
verbal . descriptions; and, therefore, those 
whose conceptions are not clear and well- 
defined on this subject, should have recourse 
to orreries and planetariums, which exhibit 
the celestial motions by wheel-work. There 
is a small instrument, called’a Tellurion, 
which has been long manufactured by Messrs. 
Jones, Holborn, London, which conveys a 
pretty clear idea of the motions and phases 
of the moon, the inclination of the earth’s axis 
to the plane of its orbit, and the changes of the 
seasons. It may be procured at different prices, 
from ll. 8s. to 4. 14s. 6d., according to the size 
and the quantity of the wheel-work. 

The subject.of the seasons and the variety of 
phenomena they exhibit have fre quently been. the 
themes both of the philosopher and the poet, who 
have expatiated on the beauty of the contrivance 
and the benignant effects they produce; and, 
therefore, they conclude that other planets enjoy 
the same vicissitudes and seasons similar or ana- 
logous to ours. But although, in the present con- 
stitution of our globe, there are many benign 
agencies which accompany the revolutions of the 
seasons, and are essential to our happiness in the 
circumstances in which we now exist, yet. it is 
by no means probable that the seasons, as they 
now operate, formed a part of the ori inal ar- 
: an was 
at first created in a state of innocence, and adorn- 
ed with the image of his Maker; and the frame 
of nature, we may confidently SUppose, was. so 
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arranged as to contribute in every respect both 
to his sensitive and intellectual enjoyment. But 
neither the horrors of winter, and its dreary as- 
pect in northern climes, nor the scorching heats 
and appalling thunder-storms which are experi- 
enced in tropical climates, are congenial to the 
rank and cireumstances of beings untainted with 
sin and endowed with, moral perfection. Such 
physical evils and inconveniences as the. change 
of seasons occasionally preduces, appear to be 
only adapted to man in his present. state of moral 
degradation. In the primeval state of the world, 
it is not unlikely that the axis of the earth had a 
different direction from what it has: at’ present, 
and that, instead of scorching heats and piercing 
colds, and the gloom and desolations of winter, 
there was a more mild‘and equable temperature, 
and something appreaching'to what the poet calls 
“a perpetual spring.” We are assured, from the 


records of: saered history, that the eriginal consti- | 


tution of the earth has undergone a considerable 
change and derangement: its strata were disrupt- 


ed, “the fountains of the great deep were broken | 


up,’? anda flood of waters covered the tops of. the 


loftiest mountains; the effects of which are still 
visible in almost every region of:the globe. At 
that memorable era, it is highly probable those 
changes were intredueed which diversify the sea- 
sons and produce those alarming phenomena and 
destructive effects which we now behold; but as 
man advances in his moral, intellectual, and re- 
ligious, career, and in proportion as his mental 
and moral energies are made to bear on the reno- 
vation of the world, he has it in his power to 
counteract or meliorate many of the physical 
evils which now exist. Were the habitable parts 
of the earth universally cultivated, its marshes 
drained, and’ its desolate wastes reduced to order 
and vegetable beauty by the hand of art, and re- 
plenished with an industrieus and enlightened 
population, there ean be little doubt that the sea- 
sons would be considerably meliorated, and many 
physical evils prevented with which we are: now 
annoyed. And all this is within the power of 
man to accomplish, provided he chooses to direct 
his wealth, and his intellectual and moral ener- 
gies, into this channel. If these remarks have 
any foundation in truth, then we.ought not to 


imagine that the earth is astandard by which we | 


are to judge of the state of other planetary 
worlds, or that they are generally to be viewed as 
having a diversity of seasons similar to ours. 

The following facts, in addition: to the pre- 
ceding, may be noted in relation to the earth: 
Under the equator, a pendulum, of a certain form 
and length, makes 86,400 vibrations in a mean 
solar day; but, when transported to London, the 
same pendulum makes 86,535 ‘vibrations in the 
same time. Hence it is concluded that the in- 
tensity of the force urging the pendulum down- 
ward at the equator is to that at London as 86,400 
to 86,535, or as 1 to 1.00315; or, in other words, 
that a mass of matter at the equator, weighing 
10,000 pounds, exerts the same, pressure on the 
ground us 10,0311¢ of the same pounds transport- 
ed to London would exert there. If the gravity 
of a body at theequator be 1, at the poles it will 
be 1.00569, or about the 1-194th part heavier; that 
is, a body weighing 194 pounds at the equator 
would weigh 195 pounds at the north pole; so 
that the weight of bodies is increased as we ad- 
vance from the equator to the poles, owing to the 
polar parts being nearer the center of the earth 
than the equatorial, and th centrifugal force 
being diminished. It is this variation of the ac- 
tion of gravity in different latitudes that, causes 
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the same pendulum to vibrate slower at the equa- 
tor than in other places, as stated above. Fora 
pendulum to oscillate seconds at the equator, it 
must be thirty-nine inches in length; and at the 
poles, thirty-nine and one-fifth inches. 

The tropical. year, or the time which the sun 
(or the earth) takes in moving through the twelve 
signs of the ecliptic, from one equinox to the 
same. equinox again, is three hundred and sixty- 
five days, five hours, forty-eight minutes, aud 
fifty-one seconds, This is the proper or natural 
year; because it always keeps the same seasous 
to the same months. The sidereal year is the 
space of time the sun takes im passing from any 
fixed star until it returns to the same. star again. 
It consists of three hundred and sixty-five days, 
six hours, nine minutes, and eleven and a half 
seconds, being twenty minutes and twenty and a 
half seconds longer than the true solar year. 
This difference is owing to the regression of the 


‘equinoctial points, which is fifty seconds of a 


degree every year; and, to pass over this space, 
the sun requires twenty minutes and twenty and 
a half seconds. The earth moves in an elliptical 
orbit, whose eccentricity, or distance of its foci 
from the center, is 1,618,000 miles: that is, the 
ellipse or oval in which it moves is double the ec- 
centricity, or 3,236,000 miles longer in one direc- 
tion than it is in‘another, which is the reason that 
the sun is farther from us at one season of the 
year'than at another. This is ascertained from 
the variation of the apparent diameter of the sun. 
About the first of January, when he is nearest 
the earth, the apparent diameter is thirty-two 
minutes, thirty-five seconds; and on the Ist of 
July, when he is most distant, it is only thirty- 
two minutes, thirty-one seconds. This proves 
that the earth has a slower motion in one part of 
its orbit than in another. In January, it moves 
at the rate’/of about 69,600 miles an hour, but in 
July. its rate of motion every hour is only about 
66,400 miles; .a difference of more than 3000 
miles an hour. 


IV. OF THE PLANET MARS. 


The earth is placed, in the solar system, in a 
position between the orbits of Venus and Mars. 
The.two planets, Mercury and Venus, which are 
placed within the orbit of the earth, and whose 
orbits lie between it and the sun, are termed the 
inferior planets. Those whose orbits lie beyond 
the orbit of the earth, at a greater distance from 
the sun,.as Mars, Jupiter, Saturn, and Uranus, 
are termed supertor planets. The motions and 
aspects of all the superior planets, as seen from 
the earth, differ considerably from those which 
are exhibitéd by the inferior. In the first place, 
the inferior planets are never seen but in the 
neighborhood of the sun, none of them ever ap- 
pearing beyond forty-eight degrees from that In- 
minary; whereas, the superior planets appear at al! 
distances from the sun, even in the opposite quar- 
ter of the heavens, or-180 degrees from the point 
in which the sun may happen to be placed. This 
could not possibly happen unless their orbits were 
exterior to that of the earth, and the earth placed 
at such times between them and thesun. In the 
next place, the inferior planets, when viewed 
through telescopes, exhibit, at different times, all 
the phases of the moon; but the superior planets 


‘never appear either borned or in the shape of a 


half moon. The planets Jupiter, Saturn, and 
Uranus, never appear in any other shape than 
round, or with full enlightened hemispheres. This 
circumstance of itself furnishes a proof that we 


a 
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see these planets always in a direction not very 
remote from that in which they:are illuminated 
by the solar rays; and, consequently, that we oc- 
cupy a station which is never very far removed 
from the center of their orbits. It proves, in 
other words, that the path of the earth round the 


sun is entirely included within their orbits, and 


likewise that this circular path of the earth is of 
small diameter compared with their more expansive 
orbits. This may be illustrated by the following 


figures. Let S, Fig. 32, represent the sun; A B 
Fig. 31. 


Fig. 32: 









the orbit of the earth; and C the planet Saturn, 
about ten times farther from the sun than the 
earth is. Suppose B to represent the earth at its 
greatest elongation from the sun, as seen from 
Saturn; the angle, S C B, being so small, it is 
evident that an observer on the earth, at B, can 
see little or nothing of the dark hemisphere of | 
Saturn at G, but must perceive the whole en- 
lightened, hemisphere of the planet, within a} 
small fraction, which fraction is not perceptible 
by our best telescopes 

There is only one of the superior planets that | 
exhibits any perceptible phase, and that is the pla- 
net Mars. In Fig. 31,8 represents the sun; £ | 
D, the orbit of the earth; M, Mars; and D, the | 
earth at its greatest elongation, as seen from Mars. 
In this euse the angle S M D is much larger than 
in the former case, as Mars is much nearer to the | 
earth than Saturn or any other of the superior 
planets. Consequently, a spectator on the earth is 
enabled to see a greater portion of the dark hemi- 
sphere of Mars, and, of course, loses sight of a 
corresponding portion of his enlightened dise— 
This is represented by the line h i. This gibbous | 
phase of Mars, however, differs only in a small | 
degree from a circle; it is never less than seven- 
eighths of the whole disc. This phase is repre- 
sented in lig. 33. When the earth arrives near 
the point I’, when Mars appears in opposition to 
the sun, the whole of his enlightened hemisphere 
is then visible. The extent of the gibbous phase 
of this planet affords a measure of the angle S 
M D, and, therefore, of the proportion of the dis- 
tance, S M of Mars, to S D or S F, the distance 





af the earth from the sun, by which we are war- 
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ranted to conclude that the diameter of the orbit of 
Mars cannot be Jess than 1 1-2 that of the orbit 
of the earth. The phases of Saturn, Jupiter, anc 
Uranus being quite imperceptible, demonstrate 
that their orbits must include both the orbit of 
the earth and that of Mars; and, consequently. 
that they are removed at a much greater distance 
than either of these bodies from the center of the 
system. ay, ; ‘ 
Before proceeding to a particular description of 


the phenomena connected with the planet Mars, 
'I shall give a brief sketch of the motions peculiar 
to this planet, which will serve, in some measure, 
us a specimen of the apparent motions of all the 
| other superior planets. In the following figure S 


Fig. 34. 








represents the sun; A BC D the planet Mars in 
four different positions in its orbit; EH FGHIK 
the orbit of the earth; and LM NO P,a seg- 
ment of the starry heavens. Suppose Mars at A 
and the earth at H, directly between it and the 
sun, then all the planet’s enlightened hemisphere 
will be turned toward the earth, and it will appear 
like the full moon. When the planet is at B it 
will be gibbous, like the moon a few days‘ before 
or after the full. At C it would again appear 
wholly enlightened, were it not in the same part 
of the heavens with the sun.’ At D it is again 
gibbous, as seen from &, and will appear less gib- 
bous as it advances toward A. At A it is said to 
be in opposition to the sun, being seen, from the 
earth at E among the stars at N, while the sun is 
seen in the opposite direction, HC. When the 
plunet is at Cand the earth at E, it is said to be 
in conjunction with the sun, being in the same 
part of the heavens with that luminary. In re- 
gard to all the superior planets, there is but one 
conjunction with the sun during the course of 
their revolution; whereas the inferior planets, 
Mercury and Venus, have two conjunctions, as 
formerly explained. Let us now attend to the 
apparent motions of this planet. Suppose the 
earth at F’, and the planet at rest in its orbit at A; 
it will be projected or seen by a-ray of light 
among the stars at Z; when the earth arrives at 
G, the planet will appear at M, by the ray G M3 
and in the same manner, when the earth is at H, 
I, and K, the planet will be seen among the stars 
at N, O, and P}; and, therefore, while the earth 
moves over the large part of its orbit, F H K, the 
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planet will have an apparent motion from L to P 
among the stars; and this motion is from west to 
east, in the order of the signs, or in the same di- 
rection in which the earth moves; and the planet 
is then said to be direct in motion. When the 
earth is at K and the planet. appears at P, for a 
short space of time it appears stationary, be- 
cause the ray of light proceeding from P to K 
nearly coincides with the earth’s orbit and the di- 
rection of its motion. But when the earth moves 
on from K to E, the planet will appear to return 
from P to N; and while the earth moves from E 
to F’, the planet will still continue to retrograde 
from NV to L, where it will again appear stationary 
as before. From what has been now stated, it is 
clear, that since the part of the orbit which the 
earth describes in passing through / H Kis much 
greater than the arc K E F,and the space L P 
which the planet describes in its direct and retro- 
grade motion is the same; therefore, the direct mo- 
tion is very slow from L to P, in comparison of 
the retrograde motion from P to L, which is per- 
formed in much less time. 

In the above description I have. supposed the 
planet at rest in its orbit at A, in order to render 
the explanation more easy and simple, and the 
diagram less complex than it would have -been 
had we traced the planet through different parts 
of its orbit, together with the motions of the 
earth. But the appearances are the same, whether 
we suppose the planet to be at rest or in motion. 
The only difference is in the time when the. retro- 
grade or direct motions happen, and in the places 
of the heavens where ‘the planet will be at such 
times situated. What has now been stated in re- 
gard to the apparent motions of Mars will apply 
to Jupiter, Saturn, and all the superior planets, 
making allowance for the difference of time in 
which their direct and retrograde motions are 
performed. All the superior planets are retro- 
grade in their apparent motions when in opposi- 
tion, and for some time before and after; but they 
differ greatly from each other, both in the extent 
of their arc of retrogradation, in the duration of 
their retrograde movement, and in its rapidity, 
when swiftest. It is more extensive and rapid in 
the case of Mars than of Jupiter, of Jupiter than 
of Saturn, and of Saturn than of Uranus. The 
longer the periodic time or annual revolution of a 
superior planet, the more frequent are its stations 
and retrogradations; they are less'in quantity, but 
continue a longer time. The mean arc of retro- 
gradation of Mars, or from P to L, Fig, 34, is 
sixteen degrees, twelve minutes, and it continues 
about seventy-three days; while the mean arc of 
retrogradation of Jupiter is only nine degrees, 
fifty-four minutes, but its mean duration is about 
121 days. The time between one opposition of 
Saturn and another is 378 days, or one year and 
thirteen days. The time between two conjunc- 
tions or oppositions of Jupiter is 398 days, or one 
year and thirty-three days. But Mars, after an 
opposition, does not again come into the same situ- 
ation until after two years and fifty days. It is 
only at and near the time of the opposition of 
Mars that we have the best telescopic views of that 
planet, as it is then nearest the earth; and, conse- 
quently, when it has passed its opposition for any 


considerable time, a period of two years must’ 


elapse before we see it again in such a conspicu- 
ous situation. Hence it is that this planet is sel- 
dom noticed by ordinary observers, except during 
a period of three or four months every two years. 
At all other times it dwindles to the apparent size 
of a small star. : 

Distance, Motion, and Orbit of Mars.—This 
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planet is ascertained to be about 145 millions of 
miles from the sun. From what we have stated 
above, it is obvious that, in the course of its 
revolution, it is at very different distances from 
the earth. When at its greatest distance, as when 
the earth’ is at EZ, and the planet at C, Fig. 34, it 
is 240 millions of miles from the‘earth. This 
will appear from an inspection of the figure. The 
distance, ES, from-the earth to the sun is 95 
millions of miles; the distance, S C, of Mars 
from the sun is 145 millions. These distances, 
added together, amount to the whole distance from 
FE to C, or from the earth to Mars when in con- 
junction with the sun. When. nearest the earth, 
as at A,it is only 50 millions of miles distant 
from us. For as the whole distance of the planet 
from the sun, A S, is 145 millions, subtract the 
distance of the earth from the sun, EH S=95 mil- 
lions, and the remainder will be the distance of 
the planet, £ A=50 millions of miles from the 
earth. Small as this distance may appear com- 
pared with that of some of the other planets, it 
would require more than 285 years for a steam- 
carriage, moving without intermission at the rate 
of twenty miles an hour, to pass over the space 
which intervenes between the earth and Mars at 
its nearest distance. 

From what has been now stated, it is evident 
that this planet will present a very different aspect, 
as to size and splendor, in the different parts of 
its orbit. When nearest to the earth, it appears 
with a surface twenty-five times larger than it 
does at its greatest distance, and seems to vie with 
Jupiter in apparent magnitude and splendor. But, 
when verging toward its conjunction with the 
sun, it is almost imperceptible. And this is one 
proof, among.others, of the truth of the Coperni- 
can system. All its motions, stations, and direct 
and- retrograde movements, and the times in 
which they happen, exactly accord with its posi- 
tion in the system and the motion of the earth, 
as a planet between the orbits of Venus and Mars. 
Whereas, were the earth supposed to be the cen- 
ter of this planet’s motion, according to the 
Ptolemaic hypothesis, it would be impossible to 
account for any of the phenomena abvve stated. 

The orbit of Mars is 901,064,000, or nore than 
900 millions of miles in cireumference. ‘Through 
this space it moves in one year and 322 days, or 
in 16,488 hours, Consequently, its rate of mo- 
tion is 54,640 miles every hour, which is more 
than a hundred times the greatest-velocity of a 
cannon ball when it leaves the mouth of the 
cannon. The diurnal rotation of this planet, or 
its revolution round its axis, is accomplished in 
twenty-four hours, thirty-nine minutes, twenty- 
one seconds, which is about two-thirds of an hour 
longer than our day. This period of rotation 
was first ascertained by Cassini, from the motion 
of certain spots o1 its surface, which I shall after- 
ward describe. Its axis is inclined to the plane 
of its orbit in an angle of thirty degrees, eighteen 
minutes, which is nearly seven degrees more in- 
clined from the. perpendicular than that of the 
earth. This motion is in the same direction as 
the rotation of the earth, namely, from west to 
east. The inclination of the orbit of Mars ‘to 
that of the earth is one degree, fifty-one minutes, 
six seconds, so that this planet is never so much 
as two degrees either north or south of the eclip- 
tic. The orbit of Mars is considerably eccentric. 
Its eccentricity is no less than 13,463,000 miles, 
or about 1-21 of its diameter, which is more than 
eight times the eccentricity of the orbit of the 
earth. Hence it follows, that Mars, when in op- 
position to the sun, may be nearer the earth by 
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a considerable number of millions of miles at one. 


time than at another, when he happens to be 
about his perihelion, or nearest distance from the 
sun at such opposition. On the 27th of August, 
1719, this planet was in such a position, being in 
opposition within two and a half degrees of its 
perihelion, and nearer to the earth than it had 
been for a long period before; so that its magni- 
tude and brightness were so much increased, thaty 
by common spectators, it was taken for a new star. 

Appearance of the Surface of Mars when viewed 
through Telescopes.—It was not before the tele- 
scope was brought to a certain degree of perfec- 
tion that spots were discovered on the surface of 
Mars. This instrument was first directed to the 
heavens by Galileo, in the year 1610; but it was 
not until the beginning of 1666 that any of the 
spots which diversify this planet were discovered. 
On the 6th of February, that year, in the morn- 
ing, Cassini, with a telescope of sixteen feet long, 
saw two dark spots on the face of Mars, as repre- 
sented in Fig. 35; and on February 24, in the 
evening, he saw on the other face of the planet 
two other spots, somewhat like those of the first, 
but larger, as represented in Fig. 36. 


These figures are copied from the first volume of 
the Transactions of the Royal Society. After- 
ward, continuing his observations, he found the 
spots of these two faces to turn by little and little 
from east to west, and to return at last to the 
same situation in which he had first seen them. 
Campani and several other astronomers observed 
similar spots about the same time at Rome, and 
Dr: Hook in England. Some of these observers 
were led to conclude, from the motion of these 
spots, that the rotation of this planet was accom- 
plished in thirteen hours; but Cassini, who ob- 
seryed them with particular care, proved: that the 
period of rotation was about twenty-four hours 
and forty minutes, and showed that the error of 
the other astronomers arose from their-not distin- 
guishing the difference of the spots which appeared 
on the opposite sides of the dise of Mars. The 
deductions of Cassini on this point have been 
fully confirmed by subsequent observations. 
Maraldi, a celebrated French mathematician 
and astronomer, made particular observations on 
these spots in the year 1704. He observed that 
the spots were not always well-defined, and that 
they often changed their form, not only in the 
Space of time from one opposition to another, 
but even within the space of a month; but some 
of them continued of the same form long enough 
to ascertain their periods. Among these was an 
oblong spot, not unlike one of the broken belts 
of Jupiter, that did not reach quite round the 
body of Mars, but had, not far from the middle 
of it, a small protuberance toward the north, so 
well-defined as to enable him to settle the period 
of its revolution at twenty-four hours, thirty-nine 
minutes; only one minute less than as Cassini 
had determined it. This appearance of Mars is 
represented in Fig. 37. On the 27th of August, 
1719, the same observer, with a telescope of thir- 
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ty-four feet in length, perceived, among several 
other spots, a long belt that reached about half 
way round the planet, not parallel to its equator, 
| to the end of which another short belt was joined, 
so as to form an angle a little obtuse, as repre- 
sented in Fig. 38. 


Fig. 37. 


Fig. 38. 







The following figures represent the appearance 
of the spots’ as seen by Dr. Hook in 1666. He 
saw Mars.on March 3, 1666, as represented in 
Fig. 39, which appearance was taken down at the 
moment of observation. On the 23d of the same 
month he perceived the spots as delineated in Fig. 
40, which appears to have been either the same 


Fig. 40. 


spots in another position, or some other spots on 
the other hemisphere of the planet. 

The following are two views of this planet by 
Sir William Herschel, who has given a great 
variety of delineations of the different appear- 
ances of Mars in the Transactions of the Royal 
Society of London for 1784. 


Fig. 41. Fig. 42. 


My own views of this planet have not been 
numerous, as it is only at intervals of two years, 
when near its opposition, that observations can 
be made on its surface with effect. I have, how- 


ever, distinctly perceived its surface as delineatea 
in Figures 43 and 44. 


Fig. 43. 


Fig. 44. 
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These observations were made in November 


fad 


ATMOSPHERE OF MARS. 


and December, 1832, and in January, 1837, and 
the appearances were very nearly the same; but 
the spots as represented in.the two figures were 
seen at different times, and were evidently on 
different hemispheres of the planet, which were 
presented in succession by its motion of rotation. 
The instrument used in the observations was a 
4416 inch achromatic telescope, with magnifying 
powers of 150 and 180 times. 

Beside the dark spots here delineated, there is a 
small portion of the globe of Mars, round its 
south pole, which has, at least occasionally, a 
much brighter appearance than the other parts. 
Maraldi, who made observations on Mars. about 
the year 1719, says, that this bright spot had been 
noticed for sixty years before that period, and that 
it is more permanent than any of the other spots 
of Mars; that this segment or zone is not all of 
equal brightness, more than one-half of. it being 
brighter than the rest; that the part which is least 
bright is subject to great changes, and has some- 
times disappeared; and that there has sometimes 
been seen a similar luminous zone round the 
north pole of Mars, which has appeared of diffe- 
rent brightness in different years. The bright 
spot at the polar point is represented at a, Figures 
41 and 42. These white spots have been conjec- 
tured to be snow, as they disappear when they have 
been long exposed to the sun, and are greatest 
when just emerging from the long night of the 
polar winter in that planet. 
of Sir W. Herschel, in his paper on this subject, 
in the Philosophical Transactions. ‘In the year 
1781,” says this astronomer, “the: south polar 
spot was extremely large, which we might well 
expect, as that pole had but lately been involved 
in a whole twelve-month’s darkness and absence 
of the sun; but in 1783, I found, it considerably 
smaller than before, and it decreased. continually 
trom the 20th of May until about the middle of 
September, when it seemed to be at a stand. 
During this last period, the south pole had already 
been about eight months enjoying the benefit of 
summer, and still continued to receive the sun- 
beams, though, toward the latter end, in such an 
oblique direction as to be but little benefited by 
them. On the other hand, in the year 1781, the 
north polar spot, which had been its twelve-month 
in the sunshine, and was but lately returning into 
darkness, appeared small, though undoubtedly in- 
creasing in>size.’? Hence he concludes, ‘that 
the bright polar spots are owing to the vivid re- 
flection of light from frozen regions, and that the 
reduction of those spots is to be ascribed to their 
being exposed to the sun.?? | 

Atmosphere of Mats Fie the gradual dimi- 
nution of the light of the fixed stars when they 
approach near the disc of Mars, it has been infer- 
red that this planet is surrounded with an atmo- 
sphere of great extent. Although the extent of 
this atmosphere has. been much overrated, yet it 
is generally admitted by astronomers that an.at- 
mosphere of considerable density and elevation 
exists. Both Cassini and Roemer observed a star, 
at six minutes from the disc of Mars, become so 
faint before it was covered by the planet, that it 
could not be seen even with a three feet telescope; 
which, in all probability, was caused by the light 
of the star being obscured by passing through the 
dense part of the atmosphere of the planet. It 
is, doubtless, owing to this circumstance that 
Mars presents so ruddy an appearance, more so 
than any other planet or star in the nocturnal sky. 
When a beam of light passes through a dense 
medium, its color inclines to red, the other rays 
being partly reflected or absorbed. Thus the 
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morning and evening clouds are generally tinged 
with red, and the sun, moon, and stars, when near 
the horizon, either rising or setting, uniformly 
assume a ruddy aspect, because their light then 
passes through the lower and denser part of our 
atmosphere. When the light of the sun passes 
through the atmosphere of Mars, the most re- 
frangible colors, such as the violet, will. be partly 
absorbed; and before the reflected rays reach the 
earth, they must again pass through the atmo- 
sphere of the planet, and be deprived of another 
portion of the most refrangible rays; and, conse- 
quently, the red rays will predominate, and the 
plauet assume a dull red color. This I conceive 
to be the chief reason why I could never perceive 
Mars in the day-time, even when in the most fa- 
vorable position, so distinctly as Jupiter, although 
the quantity of solar light which falls on this 
planet is more than eleven times greater than 
what falls on Jupiter; which seems to indicate 
that Jupiter is surrounded with a less dense and 
more transparent atmosphere. Sir W. Herschel, 
though he questions the accuracy of some of the 
observations of the dimness caused by the appulses 
of the fixed stars to this planet, yet admits that it 
has a considerable atmosphere. “ For,’”’ says he, 
“beside the permanent spots on its surface, I have 
often noticed occasional changes of partial bright 
belts, and also once a darkish one in a pretty high 
latitude: and these alterations we can hardly as- 
cribe to any other cause than the variable dispo- 
sition of clouds and vapors floating in the atmo- 
sphere of the planet.” 

Conclusions respecting the Physical Constitution 
of Mars.—F rom the preceding observations and 
views we have exhibited of this planet, I presume 
we are warranted to deduce, with a high degree 
of probability; the following conclusions: 1. That 
land and water, analogous to those on our globe, 
exist in the planet Mars. The dark spots are ob- 
viously the water or seas upon its surface, which 
reflect a much less proportion of the solar light 
“ The seas,’ says Sir John Her- 
schel, “by a general law in optics, appear green- 
ish, and form a contrast to the land. I have 
noticed this phenomenon on many occasions, but 
never more distinct than on the occasion when 
the drawing was made;” from which the. figure 
of Mars in his “Astronomy” is engraved. It is 
not improbable, from the size of the dark spots 
compared with the whole disc of Mars, that about 
one-third or one-fourth of the surface of that 
planet is covered with water. If this estimate 
be nearly correct, it will follow that the quantity 
of land and water on Mars is nearly in a reverse 
proportion to that which obtains on our globe, 
where the quantity of water is nearly four times 
greater than that of the land. The dark spots in, 
some of the views given above seem to convey 
the idea of several large gulfs or bays running up 
into the land. The various appearances of these 
spots which we have delineated are partly owin 
to the different relations and positions in whic 
they appear during different periods of the planet’s. 
rotation, as I have already shown, would happen 
in the appearance of the earth were it viewed 
from a distance in the heavens (see page 41). 2. 
It is probable, too, that there are strata of clouds 
of considerable extent occasionally floating in the 
atmosphere of Mars; for some of the observers 
referred to above have remarked that some cf the 
spots ‘‘changed their form in the course of a 
month; and Sir W. Herschel, as above stated, 
declares that he has noticed “occasional changes 
of partial bright belts, and also once of a darkish 
ono.” These, in all probability, were clouds of 
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greater or less density, which, for the most part, 
would appear brighter than the seas by the reflec- 
tion of the solar rays from their upper surfaces; 
for although the under surface of dense clouds 
appears dark to us who view them from below, 
yet, were we to view their upper surface from a 
distance when the sun shines upon them, they 
would undoubtedly present a bright. appearance 
by the reflection of the solar rays. It is, doubt- 
less, owing to the occasional interposition of such 
clouds in the atmosphere of -Mars, that the per- 
manent spots sometimes appear to vary their form 
and aspect. 3. A variety of seasons, somewhat 
similar to ours, must be experienced in this planet. 
The diversity of seasons on our globe arises 
chiefly from the inclination of, its axis to the 
plane of the ecliptic. Now, in reference to Mars, 
the axis of rotation is inclined to its orbit at even 
a greater angle than that of the earth; and, there- 
fore, the contrast between its opposite seasons is 
probably more marked and striking than on the 
earth. The seasons will also continue fora much 
longer period than with us, as the year in Mars is 
nearly double the length of ours, so that summer 
and winter will be prolonged for a period of eight 
or nine months respectively. If the opinion of 
Sir W. Herschel be correct, that the white spots 
at the poles of Mars are caused by the reflection 
of the sun’s rays from masses of ice and snow, it 
will afford an additional proof of the existencé of 
a diversity of seasons on this planet, and ‘that its 
inhabitants are subjected to a winter of great se- 
verity and of long duration. 4. This planet bears 
a more striking resemblance to the earth than any 
other planet in the solar system. Its distance 
from the sun, compared with that of the other 
superior planets, is but a little more than that of 
the earth. The distinction of land and water on 


its surface is more strikingly marked than on any 


of the other planets. »1t is encompassed with an 
atmosphere of considerable extent. It is proba- 
ble that large masses of clouds are occasionally 
formed in that atmosphere, such as sometimes 
hover over the whole of Britain, and even of Eu- 
rope, for several weeks at a time. The length of 
the day is nearly the same as ours, and it has evi- 
dently a succession of different seasons. Were 
we warranted from such circumstances to form 
an opinion respecting the physical and moral state 
of the beings that inhabit.it, we might be apt to 
conclude that they are in a condition. not alto- 
gether very different from that of the inhabitants 
of our globe. 

Magnitude. and Extent of Surface of Mars.— 
This planet is now estimated to be about 4200 
milessin diameter, which is only a little more 
than half the diameter of the earth. It contains 
38,792,000,000 or more than 38 thousand mil- 
lions of solid miles ; and the number of square 
miles on its surface is 55,417,824, or more than 
fifty-five millions, which is about six millions of 
square miles more than on all the habitable parts 
of our Slobe: At the rate of population formerly 
stated, 280 to a square mile, it would contain a 
population of more than fifteen thousand five 
hundred millions, which is nineteen times the 
number of the inhabitants of the earth; but, as it 
is probable that one-third of the surface of Mars 
is covered with water, should we subtract one- 
third from these sums, there would still remain 
accommodation for twelve times the number of 
the population of our globe. 

No moon or secondary planet has yet been dis- 
covered about Mars; yet this is no proof that it is 
destitute of such an attendant; for as all the se- 
condary planets are much less than their prima- 
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ries, and as Mars ranks among the smallest planets 
of the system, its satellite, if any exist, must be 
extremely small. The second satellite of. Jupiter 
is only the 1-43d part of the diameter of that pla- 
net; and a satellite bearing the same proportion to 
Mars would be only ninety-seven miles in diame- 
ter.. But, suppose it were double this size, it could 
scarcely be distinguishable by our telescopes, es- 
Rbecially when we consider that such a satellite 
would never appear to recede to any considerable 
distance from the margin of Mars. ‘The distance 
of the first satellite of Jupiter is only three di- 
ameters of that planet from its center; and the 
distance of the first satellite of Saturn is but one 
diameter and two-thirds from its center. Now, if 
a satellite of the size we have supposed were to 
revolve round Mars.at the distance of only two or 
three of its diameters, its nearness to the body of 
Mars would generally prevent its being perceived, 
unless with telescopes of very great power and 
under certain favorable cireumstances; and it 
could never be expected to be seen but about 
the time of that planet’s opposition to the sun, 
which happens only at an interval of more than 
two years. If such a satellite exist, it is highly 
probable. that it will revolve at the nearest possible 
distance from the planet, in order to afford it the 
greatest quantity of light; in which case it would 
never be seen beyond two minutes of a degree 
from the margin of the planet, and that only in 
certain favorable positions. If the plane of its 
orbit lay nearly in a line with our axis of vision, 
it would frequently be hidden either by the inter- 
position of the body of Mars or by transiting its 
disc. It is therefore possible, and not at all im- 
probable, that Mars may have a satellite, although 
it has not yet been discovered. It is no argument 
for the non-existence of such a body that we have 
not yet seen it; but it ought to serve as an argu- 
ment to stimulate us to apply our most powerful 
instruments to the regions around this planet with 
more frequency and attention than we have hith- 
erto done, and it is possible our diligence may be 
rewarded with the discovery. The long duration 
of winter in the polar regions of Mars seems to 
require a moon to cheer them during the long ab- 
sence of the sun; and if there be none, the inha- 
bitants of those regions must be in a far more 
dreary condition than the Laplanders and Green- 
landers of our globe 

Proportion of: Light on the Surface of Mars.— 
As the quantity of solar light on any of the pla- 
nets is in an inverse proportion to their distances 
from the sun, the quantity of light which falls 
upon Mars will be much less than that which we 
enjoy. tis nearly in the proportion of 43 to 100, 
which is less than one-half of the light which 
falls upon the earth. This is partly the reason 
why Mars appears so much less brilliant than Ve- 
nus, but it isnot the only reason; for Jupiter ap- 
pears much more brilliant than Mars, although he 
is placed at a much greater distance from the sun. 
The refraction, reflection, and absorption of the 
Hh of light, in passing through the dense atmo- 
sphere to which we have alluded, form, doubtless, 
one principal reason why Mars appears more som- 
ber in its aspect than Jupiter or Venus The fol- 
lowing figure represents the apparent size of the 
sun as seen from Mars and the earth. The cir- 
cle m represents the size of the sun as seen from 
Mars, and e as seen from the earth. The degree 
of heat on different parts of this planet will de- 
pend upon various circumstances; the inclination 
of its axis, the positions of places in respect to its 
equator and poles, the nature of its soil, the ma 
terials which compose its surface, the quantity of 
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water in different regions, the constitution of its 
atmosphere, and other circumstances with which 
we are unacquainted. 

The figure of Mars is an oblate spheroid, like 
that of the earth, but much flatter at the poles.— 
Its equatorial diameter is to its polar as 1355 to 
1272, or nearly as 16 to 15; consequently, if its 
equatorial diameter be 4200 miles, its polar diame- 
ter will be only 3937, which is 263 miles shorter 
than the equatorial. The mass of this planet 
compared with that of the sun is as 1 to 1,846,- 
082. Its density, compared with water, is as 3-2-7 
to 1, which is considerably less than that of the 
earth, but greater than the general density of the 
rocks and other materials which compose the sur- 
face of our globe. A body which weighs one 
pound on the surface of the earth would weigh 
only five ounces six drachms on the surface of 
Mars. 


Vv. ON THE LATELY-DISCOVERED PLANETS, VESTA, 
JUNO, CERES, AND PALLAS. 


The immense interval which lies between the 
orbits of Mars and Jupiter led some astronomers 
to surmise that a planet of considerable magni- 
tude might possibly exist somewhere within this 
limit. This conjecture was grounded on the in- 
tervals which exist between the rest of sthe plane- 
tary orbits. Between the orbits of Mercury and 
Venus there is an interval of 31,000,000 of miles; 
between those of Venus and the earth, 27,000,000; 
between those of the earth and Mars, 50,000,000; 
but between the orbits of Mars and Jupiter there 
intervenes the immense space of 349,000,000 of 
miles. Here the order of the solar system was 
supposed to be interrupted, which would form an 
exception to the general law of the piegenon of 
the planetary distances. No planetary body, how- 
ever, was detected within this interval until the 
beginning of the present century; and, instead 
of one large body, as was surmised, four very 
small ones have been discovered. ‘These bodies 
are situated at a distance from Mars neatly cor- 
responding to the order and proportion to which 
we have now alluded; and this circumstance leads 
to a belief “that it is something beyond a mere 
accidental coincidence, and belongs to the essen- 
tial structure of the system.’? As these bodies 
are invisible to the naked eye, and can only be 
seen in certain favorable positions, and as only a 
short period has elapsed since their discovery, we 
are not yet much acquainted with many of their 
phenomena and physical peculiarities. 

Of these four bodies, the first discovered was 
that which is now named Ceres, and sometimes 
Piazzi, from,the name of its discoverer. It was 
discovered at Palermo, in the island of Sicily, on 
the Ist of January, 1801, or the first day of the 
present century, by Piazzi, a celebrated astronomer 
belonging to that city, who has since distinguish- 
ed himself by his numerous observations on the 
fixed stars. ‘This new celestial body was then situ- 


‘| azzi. 
‘Encyclopedia,”’ vol. ii, p. 638, and likewise in his 
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ated in the constellation Taurus, and, consequent- 


ly, at no very great distance from its opposition 


to the sun. It was observed by Piazzi until the 
12th of February following, when a dangerous 
illness compelled him to discontinue his observa- 
tions; but it was again discovered by Dr. Olbers, 
of Bremen, after a series of unwearied observa- 
tions and laborious calculations, founded on a 
few insulated facts which had been stated by Pi- 
Dr. Brewster states, in the “Edinburgh 


second edition of “ Ferguson’s Astronomy,” vol. 


li, p. 38, “that the rediscovery of this planet by 


Olbers did not take place until the Ist of Janua- 
ry, 1807; which must be a mistake, for in “ La 
Decade Philosophiques,’’ for July, 1803, it is stated 
that Dr. Olbers, some time before, received La 
Lande’s ‘prize for having discovered the planet 
Pallas; and, at the same time, his merit is referred 
to in having rediscovered Ceres; and having 
been among the first that announced it to the 
world. Beside, Sir W. Herschel has observations 
on this planet in the “ Philosophical: Transac- 
tions,” of date February 7, 1802, which, of 
course, was posterior to Dr. Olbers’ rediscovery. 

The planet Pallas, or, as it is sometimes named, 
Olbers, was discovered on the 28th of March, 
1802,—only fifteen’ months after the discovery of 
Ceres,—by Dr. Olbers, a physician at Bremen, in 
Lower Saxony, distinguished- for his numerous 
celestial observations, and for his easy and com- 
modious method of calculating the orbits of co- 
mets. The planet Juno was discovered on the 
evening of September 1, 1804, within two yeals 
and a half of the discovery of Pallas, by M. Har- 
ding, at the observatory of Lilienthal, near Bre- 
men, while endeavoring to form an atlas of all the 
stars near the orbits of Ceres and Pallas, with the 
view of making further discoveries. While thus 
engaged, he perceived a small star of about the 
eighth magnitude, which was not marked in the 
Celestial Atlas of La Lande, which he put down 
in his chart. ‘Two days afterward he found that 
the star had disappeared from the position in 
which he had marked it; but a little to the 
south-west of that position he perceived another 
star resembling it in size and color; and having 
observed it again on the 5th of September, and 
finding that it had moved a little in the same di- 
rection as before, he concluded that it was a mov- 
ing body connected with the solar system. 

The planet Vesta was discovered on the 29th 
of March, 1807, little more than two years and a 
half after the discovery of Juno, so that four 
primary planets belonging to our system, which 
had been hidden for thousands of years from 
the inhabitants of our globe, were discovered 
within the space of little more than six years.— 
Vesta must then have been near its opposition. 
The discovery of Vesta was made’ by Dr. Olbers, 
who had previously discovered Pallas, and redis- 
covered Ceres. He had formed an idea that the 
three small bodies lately discovered might possi- 
bly be the fragments of a larger planet, which had 
been burst asunder by some unknown and power- 
ful irruptive force proceeding from its interior 
parts, and that more fragments might still be: de- 
tected. Whether this position be tenable or not, 
it seems to have led to the diseovery of Vesta; for 
the doctor concluded, if his opinions were just, 
that although the orbits of all these fragments 
might be differently inclined to the ecliptic, yet, 
as they must all have diverged from the same point, 
“they ought to have two common poinis of re- 
union, or two nodes in opposite regions of the hea- 
vens, through which all the planetary fragments 
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must sooner or later pass.”? One of these ‘nodes, 
or points of intersection of the orbits he found 
to be in the sign Virgo, and the other in the con- 
stellation of the Whale; and it was actually in 
the regions of the Whale that: the planet Juno was 
discovered by M. Harding. With the view, there- 
fore, of detecting other fragments, if any should 
exist, Dr. Olbers examined, three times every year, 
all the small] stars in the opposite constellations of 


Virgo and the Whale, and in the constellation of | 


Virgo the planet Vesta was first seen.* This was 
doubtless a remarkable coincidence of theory 
with observation, and affords a presumption that 
the conjecture of this eminent astronomer may 
possibly have a foundation in fact. 

The following is a summary of what has been 
ascertained respecting the distances, magnitudes, 
and motions of these bodies: 

The Planet Vesta—The mean distance of. this 
planet from the sun is reckoned to be about 225 
millions of miles; its annual revolution is’ ¢com- 
pleted in about 3 years 714 months, or in 1325 
days; the circumference of its orbit is 1414 mil- 
lions of miles, and, of course, it moves with a 
velocity, on an average, of more than 44,000 
miles an hour. The: inclination of its orbit to 
the plane of the ecliptic is seven degrees, eight 
minutes; and its eccentricity 21 millions of miles. 
The diameter of this planet has been estimated 
by some astronomers at only about. 27C miles; 
and, if this estimate be correct, it will contain 
only 229,000 square miles, or a surface somewhat 
less than Great Britain, France, and Ireland; and, 
according to the rate of population formerly stated, 
would contain 64 millions of inhabitants, or about 
five times the number of the inhabitants of the 
United States of America, or nearly the twelfth 
part of the population of the earth. , It is proba- 
ble, however, that ‘this estimate is too small, and 
that the apparent diameter of this planet has not 
yet been accurately taken; for the light of this 
body is considered equal to that of a star of the 
fifth or sixth magnitude, and it may sometimes 
be distinguished, in a clear evening, by the naked 





* William Olbers, M. D., the discoverer of Vesta and 
Pallas, was born on the 11th of October, 1758, at Arbergen, 
a village in the Duchy of Bremen, where his father was a 
clergyman. His father, beside being a man of great gene- 
ral learning, was a good. mathematician and a lover of as- 
tronomy. Young Olbers, when in his fourteenth year, felt a 
great taste for that science. During an evening walk in the 
month of Avgust, having observed the Pleiades, or seven 
stars, be becoine very desirous of knowing to what constel- 
lation they belonged. He therefore purchased some charts 
and books, and began to study this science with the greatest 
diligence; he read with the greatest avidity every astrono- 
mical work he was able to procure, and in a few months 
made himself acquainted with all the constellations, Find- 
ing that a knowledge of mathematics was necessary to the 
study of astronomy, he, devoted all his leisure time to this sub- 
ject. He was at the same time engaged in the study of medi- 
cine asa profession. In the year 1779, when scarcely twen- 
ty-one years of age, he observed at Gottingen, and calcu- 
lated the first comet. An account of this labor was pub- 
lished in the **Berlin Astronomical Calendar” for 1782, where 
it is mentioned that Olbers made his construction one night 
while attending a patient; and yet it was afterward found 
that his determination of this orbit corresponded with the 
most accurate elements of the comet which were calculated. 
Since that period, the astronomy of comets has been his fa- 
vorite study, and it is admitted that none of the methods 
formerly tried for calenlating the orbit of a comet is so sim- 
ple, and, at the same time, so elegant as that of Dr. Olbers. 
When at Vienna, amid all his applications to the study of 
medicine, he was the first who observed the planet Uranus 
(after its discovery by Herschel); on the 17th of August, 
1781. On the 19th he perceived its motion, and continued 
his observations until the end of September, at which period 
it was considered as a comet. Returning from the scene of 
his studies, he settled at Bremen as a physician, where he 
soon acquired the confidence of his fellow-citizens, both on 
peponat of his successful practice and integrity and affabili- 
y of his character, 
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eye. Its light is more intense and white than 
that of either Ceres, Juno, or Pallas; and it is not 
surrounded with any nebulosity, as some of these 

lanets are. It is not likely that a body of this 
size could be seeri at the distance of 130 millions 
of miles, which is its nearest approach to the 
earth, and that, too, by the neked eye (as Schroe- 
ter affirms he did several, times), unless the sub- 
stances on its surface were of such a nature as to 
reflect the solar rays with a far greater degree of 
brillianey than any of the other planets. ‘The 
diameter of the third satellite of Jupiter is reck- 
oned at 3377 miles, and its. surface, of course, 
contains 35,827,211 square miles, which is 156 
times greater than the surface of Vesta, according 
to the above estimation. Yet this satellite can 
never (or, at least, but rarely) be seen by the 
naked eye. Vesta is, indeed, only. about one- 
third the distance from us of the satellite of Jupi- 
ter; but, making allowance for this circumstance, 
it should be at least twenty times larger in surface 
than is estimated above in order to be seen by the 
naked eye, or with the same distinctness as the 
third satellite of Jupiter. In other words, it 
should have a diameter of at least 1200 miles. If 
this is not the case, there must be sométhing very 
peculiar and extraordinary in the reflective power 
of the materials which compose its surface to pro- 
duce such an intensity of light from so small a 
body at so great a distance as 130 millions of 
miles. I am therefore of opinion that the size of 
this planet has not yet been accurately ascer- 
tained, and that future and more accurate obser- 
vations are still requisite to.determine its apparent 
diameter and real magnitude. 

The Planet Juno.—The next planet in the order 
of, the system is Juno. Its distance from the sun 
is estimated at 254 millions of miles. The cir- 
cumference of its orbit is 1596 millions of miles. 
Through this circuit it moves in four years and 
128 days, at the rate of 41,850 miles every bour. 
Its diameter, according to the estimate of Schroe- 
ter, is 1495 English miles. Its surface will there- 
fore contain six millions, three hundred and 
eighty thousand square miles, and, a population 
of one thousand, seven hundred and eighty-six 
millions, which ismore than double the number 
of the earth’s inhabitants. The orbit of Juno is 
inclined to the ecliptic in an angle of thirteen 
degrees, three minutes. Its eccentricity is 
63,588,000 miles, so that its greatest distance 
from thesun is 316,968,000 miles, while its least 
distance is only 189,792,000. Its apparent diame- 
ter as seen from the earth is little more than three 
seconds. This planet is of a reddish color, and is 
free from any nebulosity; yet the observations of 
Schroeter render it probable that it has an atmo- 
sphere more dense than that of any of the old 
planets of the system. A remarkable variation in 
the brillianey of this planet has been observed by 
this astronomer, which he attributes to changes 
that are going on in its atmosphere, and thinks it 
not: improbable that these changes may arise from 
adiurnal rotation performed in tweiity-seven hours. 

The Planet Ceres—This planet is about 263 
millions of miles from the sun, and completes its 
annual revolution in four years, seven months, 
and ten days. The circumference of its orbit is 
1653 millions of miles, and it moves at the rate 
of about forty-one thousand milé an hour, ‘The 
eccentricity of its orbit is 20,598,000 miles. Its 
greatest distance from the sun is 283,500,000 
miles, and its least distance 242,300,000. Its 
apparent mean diameter, including its atmosphere, 





according to Schroeter, is somewhat more than 
six seconds at its mean distance from the earth. 
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Its real diameter, according to the estimate of the ! times the inclination of Mercury’s orbit, which 


same astronomer, is 1624 English miles; but, 
including its atmosphere, is 2974 miles. Its sur- 
face, therefore, contains 8,285,580. square miles, 
or about the one-sixth part of the habitable por- 
tions of our globe; and, would afford accommo- 
dation for 2,319,962,400, or more than 2300 mil- 
lions of inhabitants, according to the rate of 
population in England, which is nearly triple the 
present population of the earth. This planet is 
of a slight ruddy color, and appears about the size 
of a star of the eighth magnitude, and is conse- 
quently invisible to the naked eye. It seems to 
be surrounded with a dense atmosphere, and 
exhibits a disc or sensible breadth of surface when 
viewed with a magnifying power of two hundred 
times. Schroeter has determined, from a great 
number of observations, that its: atmosphere is 
about six hundred and seventy-five English miles 
in hight, and that it is subject to numerous 
changes. 
very dense near the planet, and becomes rarer at 
a greater distance, which causes its apparent 
diameter to appear somewhat variable. When this 
planet is approaching the earth, toward the point 
of its opposition to the sun, its diameter increases 
more rapidly than it ought to do from the diminu- 
tion of its distance, which Schroeter supposes to 
arise from the finer exterior.strata of its atmo- 
sphere becoming visible while it approaches the 
earth. He also perceived that the visible hemi- 
sphere of the planet was sometimes overshadowed, 
and at other times cleared up, so that he con- 
cludes there is little chance of discovering the 
period of its diurnal rotation. The inclination 
of its orbit to the ecliptic is in an angle of ten 
degrees, thirty-seven minutes. The intensity of 
light upon its surface is more than seven times 
less than what we enjoy. 

Sir William Herschel, in the year 1802, after 
the discovery of Ceres:and Pallas, made a num- 
ber of observations to ascertain if any of ‘these 
bodies were accompanied with satellites. Several 
very small stars were occasionally perceived near 
Ceres with high magnifying powers, of the posi- 
tions and motions of which he has given several 
delineations; but it did not appear probable, in 


subsequent observations, that they accompanied, 


the planet. In his observation of April 28, with 
a power of 550, he says, “Ceres is surrounded 
with a strong haziness. The breadth of the 
coma, beyond the disc, may amount to the extent 
of a diameter of the disc, which is not very 
sharply defined. Were the whole.coma and star 
taken together, they would be at least three times 
as large as my measure of the star. ‘The comais 
very dense near the nucleus; but loses itself pretty 
abruptly on the outside, though a gradual diminu- 
tion is still very perceptible.”’ These observations 
seem to corroborate the idea that Ceres is encom-~- 
passed with an atmosphere of great density and 
elevation. 

The Planet Pallas.—This planet revolves about 
the sun at the mean distance of two hundred and 
sixty-three millions of miles, and finishes its revo- 
lution in 1681 days, 17 hours, or in four years 
and seven and one-third months, which is within 
a day of the time of the revolution of Ceres. 
Its distance is likewise nearly the same as that 
planet, and the circumference of its orbit will 
also be nearly the same. This planet, however, 
is distinguished in a remarkable degree both from 
Ceres and from all the other planets by the very 
great inclination of its orbit to the plane of the 
ecliptic. This inclination is no less than thirty- 
four degrees, thirty-seven minutes, or nearly five 


Like the atmosphere of the earth, it is, 





‘was formerly reckoned to have the greatest incli- 


nation ‘of any of the planetary orbits. The ec- 
centricity of the orbit of Pallas is likewise greater 
than that of any of the other planets, béing no | 
less than 64,516,000 miles, so that this planet is 
129,000,000 of miles nearer the sun in one part 
of its orbit than it is at the opposite extremity. 
Its greatest distance from the sun is 327,437,000 
miles, and its least distance only 198,404,000 
miles. Of course, its rate of motion in its orbit 
must be very variable, sometimes moving several 
thousands of miles an hour swifter at one time 
than at another, which is likewise the case, in a 
remarkable degree, with the planet Juno. Its 
mean motion is about 41,000 miles an hour. 

This planet presents a ruddy aspect, but less so 
than that of Ceres. It is likewise surrounded with 
a nebulosity somewhat like that of Ceres, but of less 
extent. The following are some of the observations 
of this planet by Schroeter and Herschel. The at- 
mosphere of Pallas, according to Schroeter, is to 
that of Ceres as one hundred and one to one hun- 
dred and forty-six, or nearly as two to three. It 
undergoes similar changes, but the light of the 
planet exhibits greater variations. On the Ist of 
April, the atmosphere of Pallas suddenly cleared 
up, and the solid nucleus or disc of the planet 
was alone visible. About twenty-four hours af- 
terward, the planet appeared pale and surrounded 
with fog, and this appearance continued during 
the 3d and 4th of April; but this phenomenon 
was not considered as arising from the diurnal ro- 
tation of the planet. The following are Her- 
schel’s observations: ‘April 22. In viewing 
Pallas, I. cannot, with the utmost attention and 
under favorable circumstances, perceive any sharp 
termination which might denote a disc; it is 
rather what I would calla nucleus. April 22. 
The appearance of Pallas is cometary; the disc, 
if it has any, being ill-defined. When I see it to 


| the best advantage, it appears like a much-com- 


pressed, extremely small, but ill-defined planetary 
nebula. -May 1. With a twenty feet reflector, 
power 477, I see Pallas well, and perceive a very 
small. disc, with a coma of some extent about it, 
the whole diameter of which may amount to six 
or seven times that of the disc alone.””—Philoso- 
phical Transactions for 1802. 

The diameter of this planet has not, perhaps, 
been ascertained with sufficient precision. The 
difference in the estimates formed by Sir W. Her- 
schel and M. Schroeter is very great. According 
to Schroeter, the diameter of Pallas is 2099 miles. 
If this estimate be nearly correct, Pallas will be 
about the size of our moon, and will comprehend 
on its, surface nearly fourteen millions of square 
miles, which would accommodate a population of 
nearly four thousand millions, or five times the 
population of our world. The apparent mean 
diameter of this planet, comprehending its atmo- 
sphere, at its mean distance from the earth, ac- 
cording to Schroeter, is six and a half seconds, 

Such is a brief view of the principal facts 
which have been ascertained respecting the pla- 
nets Vesta, Juno, Ceres, and Pallas. All these 
bodies are situated between the orbits of Mars 
and Jupiter, and they are all invisible to the 
naked eye, except, perhaps, the planet Vesta, 
when in certain favorable positions. The real 
magnitudes of these planets are not to be con- 
sidered as yet accurately determined; they may 
be a little greater or less than what is stated 
above, though it is not probable they are much 
larger. It may not be improper to remark, that 
on this point there is a great difference in the 
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estimates of Schroeter and Herschel, the two 
principal observers who have investigated the 
phenomena of these planets, t 
in which they measured the apparent diameters 
; ese bodies. 
Mate is none of these bodies that exceeds 163 
miles in diameter. But it is obvious, from the 
considerations I have stated in the description of 


Vesta, that bodies of such a small size could not. 


be visible at such a distance, unless they were 
either Iuminous or composed. of matter fitted 
to reflect the solar light with an extraordinary de- 

ree of brilliancy; and, therefore, ‘it is far more 
probable that the estimates of Schroeter are near- 
est the truths ; 

Peculiarities of the New Planets.—These bodies 
present to our view various singularities and 
anomalies, which, at first sight, appear incompati- 
ble with the proportion and harmony which we 
might suppose originally to have characterized 
the arrangements of the solar system. In the 
first place, their orbits have a much greater degree 
of inclination to the ecliptic than those of the old 
planets. The orbit of Venus is inclined to the 
ecliptic in an angle of three degrees, twenty mi- 
nutes; of Mars, one degree, fifty-one-minutes; of 
Jupiter, one ‘degree, eighteen minutes; of Saturn, 
two degrees and a half; and of Uranus, only 
forty-six minutes. But the inclination of the 
orbit of Vesta is seven degrees, nine minutes; of 
Juno, thirteen degrees; of Ceres, ten degrees, 
thirty-seven minutes; and of Pallas, no less than 
thirty-four degrees and a half, which is nineteen 
times greater than the inclination of Mars, and 
twenty-seven times greater than that of Jupiter. 
The proportion of these inclinations is represent- 
ed in the following figure. 


Fig. 46. 





Let A B represent the plane of the ecliptic, and 
the line C D will represent the inclination of the 
orbit of Pallas = 3416 degrees, EH F’, the inclina- 
tion of the orbit of Juno = 13 degrees; G H, the 
inclination of Vesta’s = 7 degrees; and the dotted 
line the inclination of Ceres = 101% degrees. All 
the older planets have their orbits much less in- 
clined to the ecliptic, except Mercury, which has 
nearly the same inclination as Vesta; so that the 
zodiac would now require to be extended nearly 
five times its former breadth in order to include 
the orbits of all the planets. 

2. The orbits of these planets are in general more 
eccentric than those of the other planets; that is, 
they move in longer and narrower ellipses. The 
following figure nearly represents the orbit of 
Pallas, and the orbit of Juno is nearly similar. S 
represents the sun in one of the foci of the ellipse; 
C, the center; F', the upper focus of the ellipse; 


owing to the mode, 


According to Sir W. Herschel, | 
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land the whole line A B, the transverse diameter 
Now the distance S C, from the sun to the center, 
is the eccentricity of the orbit. This eccentricity, 
Fig. 47. | 
* é 





in the case of Pallas, amounts to more than sixty- 
four and a half millions of miles. Consequently, 
when the planet is at B, which is called its Aphe- 
lion, or greatest distance from the sun, it is double 
its eccentricity, or the whole length of the line 
S F farther from the sun than when it is at the 
| point A, which is called its Perihelion, or least 
‘distance from the sun, that is, it is 129 millions 
of miles farther from the sun in the one case than 
in the other, which is nearly one-fourth of the whole 
transverse diameter of the orbit A B. Conse- 
quently, its motion will be much slower, by seve- 
ral hundreds of thousands of miles a day, when 
near the point B, its aphelion, than when near its 
perihelion at the point A; and to a spectator on 
its surface the sun will appear more than double 
the size from the point A that he does from the 
point B; and its inhabitants (if any) will experi- 
ence a greater difference in the intensity of the 
solar light which falls upon them in different pe- 
riods of its year, than there is between Venus and 
the earth, or between the earth and Mars. On 
the other hand, the eccentricity of the orbits of 
the older planets is comparatively small. The 
eccentricity of the orbit of Venus is less than half 
a million of miles, which is only the 1-274th part 
of the transverse diameter of its orbit. The 
Earth’s eccentricity is 1,618,000, or the 1-119th 
part; Jupiter’s, 1-43d part; Saturn’s, 1-38th part; 
and that of Uranus, about 1-43d part; whereas, 
the eccentricities of Pallas and Juno amount to 
nearly one-eighth part of the transverse axes of 
their orbits. Were the orbits of the old planets 
represented by figures ten times larger than the 
above diagram, they could not be distinguished 
from* circles. In the above figure, the dotted 
line G H is the conjugate or shorter diameter of 
the ellipse. When the planet is at the points G 
and H, it is said to be at its mean distance from 
the sun, or at the middle point between its great- 
est and its least distance. 

3. The Orbits of several of the New Planets cross 
each other-—This is a very singular and unac- 
countable circumstance in regard to the planetary 
orbits. It had been long observed that comets, in 
traversing the heavens in every direction, crossed 
the orbits of the planets; but, before the discovery 
of Pallas, no such anomaly was found throughout 
the system of the planets. For the orbits of all 
the other planets approach so nearly to circles, 
and are separated from each other by so many 
millions of miles, that there is no possibility of 
such intersection taking place. The following 
diagram represents the intersection of the orbits 
of Ceres and Pallas. ¢ 

The central circle represents the sun; the two 
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ne¥* circles the orbits of the earth and Mars; ahd 
tw swo outer circles, crossing each, other, those 


Fig. 48. 





cf Ceres and Pallas.. In consequence of this in- 
tersection of their orbits, there is a possibility, 
especially if the periods of their revolutions were 
somewhat more different from each other, that the 
tw planets might happen to strike against each 
other were they to meet at the points A and B, 
where’ the orbits intersect; a very singular con- 
tingence in the planetary system. It is owing to 
the very great eccentricity of the orbit of Pallas 
that it crossés the orbit of Ceres. It is several 
millions of miles nearer the sun in its perihelion 
(or at A, Fig. 47) than Ceres, when in the same 
point of its orbit. But when Pallas is in its aphe- 
lion (or at B, Fig. 47), its distance from the sun 
is several millions of miles greater than that 
of Ceres in the same. point of its orbit. Suppose 
its aphelion at.€, Fig. 48; it is farther from the 
sun than Ceres, and nearer at D its perihelion. 
The same things happen in the case of the other 
two planets, particularly Vesta. Juno is farther 
from the sun at its aphelion than Ceres in the 
same point of its orbit, and Vesta is farther from 
the sun in its aphelion than either Juno, Ce- 
res, or Pallas, in their perihelions. The peri- 
helion distance of Vesta is greater than that of 
Juno or Pallas. Hence it follows that Vesta may 
sometimes be at a greater distance from the sun 
than cither Juno, Ceres, or Pallas, although its 
mean distance is less than that of either of them 
by twenty-eight millions of miles; so that the or- 
bit of Vesta crosses the orbits of all the other three, 
and, therefore, it is a possible circumstance that a 
collision might take place between Vesta and any 
of these three planets, were they ever to meet at 
the intersection of their orbits. Were such an 
event to happen, it is easy to foresee the catastro- 
phe that would take place. If the collision of 
two large ships, sailing at the rate of ten miles an 
hour, be so dreadful as to shatter their whole 
frame and sink them in the deep, what a tremen- 
dous shock would be encountered by the impulse 
of a ponderous globe, moving at the rate of forty 
thousand miles an hour? A universal disruption 
of their parts anda derangement of their whole 
constitution would immediately ensue; their axes 
of rotation would be changed; their courses in 
their orbits altered; fragments of their substance 
iossed about through the surrounding void, and 
ihe heavens above would appear to run into con- 
fusion. Though we cannot affirm that such an 
event is impossible or will never happen, yet we 
are sure it can never take place without the per- 
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mission and appointment of Him who at first set 
these bodies in motion, and who superintends both 
the greatest and the most minute movements of 
the universe. ‘ 

4. Another peculiarity in respect to these pla- 
nets is, that they revolve nearly at the same mean 
distances from the sun. The mean distance of 
Juno is 254 millions of miles; that of Ceres, 
262,903,000; and that of Pallas, 262,901,000, 
which is almost the same as Ceres. This is a 
very different arrangement from that of the other 
planets, whose mean distances are immensely dif- 
ferent from each other; Mars being 50 millions 
of miles from the orbit of the earth, and 80 mil- 
lions from the orbits of any of the new planets; 
Jupiter, 270. millions from Pallas; Saturn, 412 
millions from Jupiter; aud Uranus, 900 millions 
from Saturn. Except in the case of the new 
planets, the planetary system appears constructed 
on the most ample and magnificent scale, corres- 
ponding to the unlimited range of infinite space 
of which it forms a part. 

5. These new planetary bodies perform their 
revolutions in nearly the same periods. ‘The period 
of Vesta is 3 years, 744 months; that of Juno, 4 
years, 412 months; of Ceres, 4 years, 714 months; 
and of Pallas, 4 years, 714 months. So that 
there are only three months of difference be- 
tween the’ periods of Juno and Ceres, and scarcely 
the difference of a single day between those of 
Ceres and Pallas; whereas, the periods of the 
other planets differ as greatly as their distances. 
The period of Mercury is about 3 months; of 
Venus, 74g months; of Mars, nearly 2 years; of 
Jupiter, {3 years; of Saturn, 2914; and of Ura- 
nus, nearly 84 years. A planet moving round 
the sun in almost the same period and at tho 
same distance as another, is a singular anomaly 
in the solar system, and could scarcely have been 
surmised by former astronomers. 

6. Another singularity is, that these bodies are 
all much smaller than the other planets. Mercury 
was long considered as the smallest primary pla- 
net in the system, but it is nearly four times larger 
in surface than Ceres, and contains eight times 
the number of solid miles. Mars, the next small- 
est planet, is seventeen times larger than Ceres; 
and Jupiter, the largest of the planets, is 170,000 
times larger than Ceres, when their cubical con- 
tents are compared. The planets Vesta and Juno 
are smaller than Ceres, and Pallas is only a small 
degree larger. It is probable that all these four 
bodies are less in size than the secondary planets, 
or the satellites of Jupiter, Saturn, and Uranus. 

Conclusions respecting the Nature of the New 
Planets.—The anomalies and peculiarities of these 
bodies, so very different from the order and ar- 
rangement of the older planets, open a wide field 
for reflection and speculation. Having been ac- 
customed to survey the planetary system as a 
scene of proportion, harmony, and order, we can 
scarcely admit that these bodies move in the same 
paths, and are arranged in the same order as 
when the: system was originally constructed by 
its Omnipotent Contriver. As we know that 
changes have taken place in our sublunary re- . 
gion since our globe first came from the hands of 
its Creator, so it is not contrary either to reason 
or observation to suppose that changes and revo- 
lutions, even on an ample scale, may take place 
among the celestial orbs. We have no reason to 
believe in the “ incorruptibility’’ of the heavenly 
orbs, as the ancients imagined, for the planets are 
demonstrated to be opaque globes as well as the 
earth; they are diversified with mountains and 
vales, and, in all probability, the materials which 


06 


compose their surfaces and interior aresnot very | 
different from the substances which constitute the | 
component parts of the earth. I have already | 
alluded to the opinion of Dr. Olbers, that the new | 
planets are only the fragments of a larger planet. 
which had been burst asunder by some immense | 


irruptive force proceeding from its interior parts. 
_However strange this opinion may at first sight 
appear, it ought not to be considered as either 
very improbable or extravagant. We all profess 
to admit, on the authority of Revelation, that the 
earth was arranged in perfect order and beauty at 
its first creation; and on the same authority we 
believe that its exterior crust was disrupted, that 
“the cataracts of heaven were opened, and the 
fountains of the great deep broken up,” and that 
a flood of waters ensued’ which covered the tops 
of the loftiest mountains, which transformed the 


earth into. one boundless ocean, and buried the im- | 


mense myriads of -its population in a watery 
grave. ‘This was a catastrophe as tremendous 
and astonishing as the bursting asunder of a 
large planet. Although physical agents may 
have been employed in either case to produce the 
effect, yet we must admit, in consistency with 
the Divine perfections, that no such events could 
take place without-the direction and control of the 
Almighty, and that, when they do happen, what- 
ever appalling or disastrous effects they may pro- 
duce, they are in perfect consistency with the moral 
laws by which his universal government is directed. 

We know that a moral revolution has taken 
place among the human race since man was crea- 
ted, and that this revolution is connected with 
most of the physical changes that have happened 


in the constitution of our globe; and, if we be- 


lieve the sacred historian, we must admit that the 
most prominent of these physical changes or 
concussions was the consequence or punishment 
of man’s alienation from God and violation of his 
laws. As the principles of the Divine govern- 
ment must be essentially the same throughout 
every part of the boundless empire of the AI- 
mighty, what should hinder us from concluding 
that a moral. cause, similar to that which led to 
the physical convulsions of our globe, may have 
operated in the regions {o which we allude, to in- 
duce the Governor of the universe to undermine 
the constitution, and to dash in pieces the fabric 
of that world? The difference is not great be- 
tween bursting a planet into a number of frag- 
ments and cleaving the solid crust of the earth 
asunder, removing rocks and mountains out of 
their place, and raising the bed of the ocean from 
the lowest abyss, so as to form a portion of eleva- 
ted land; all which changes appear to have been 
effected in the by-past revolutions of our globe, 
and both events are equally within the power and 
the control of Him ‘who rules in the armies of 
heaven, and among the inhabitants of the earth,”’ 
whatever physical agents he may choose to select 
for the accomplishment of his purposes. In the 
course of the astronomical discoveries of the two 
preceding centuries, views of the universe have 
been laid open which have tended to enlarge our 
conceptions of the attributes of the Deity, and 
of the magnificence of that universe over which 
he presides: and who knows but that the dis- 
covery of those new planets described above, and 
the singular circumstances in which they are 
found, are intended to open to our view a new 
scene of the physical operations of the Creator, 
and a new display of the operations of his moral 
government? For all the manifestations of God 
in his works are doubtless intended to produce on 
the mind not only an intellectual, but also a moral 
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effect; and in this view the heavens ought to be 
contemplated with as much reverence as the reve- 
lations of his word. As the great Sovereign of 
the universe is described by the inspired writers 
as being the “King Eternal and Invisible,” so we 
can trace his perfections and the character of his 
moral government only, or chiefly, through the 
medium of those displays he gives of himself 
in his wonderful operations both in heaven and 
on earth. And since in the course of his provi- 
dence, he has crowned with success the inventive 
génius of man, and led him on to make the most 
noble discoveries in reference to the amplitude 
and grandeur of his works, we have every reason 
to conclude that such inventions and such disco- 
veries, both in the minute parts of creation and 
in the boundless sphere of the heavens, are in- 
tended to carry forward the human mind to more 
expansive views of his infinite attributes, of the 
magnificence of his empire, and of the moral 
economy of the government which he has estab- 
lished throughout the universe. 

The hypothesis of the bursting: of a large pla- 
net between Mars and Jupiter accounts in a great 
measure, if not entirely, for the anomalies and 
apparent irregularities which have, been observed 
in the system of the new planets; and if this sup- 
position be not admitted, we cannot account, on 
any principle yet discovered, for the singular phe- 
nomena which these planets exhibit. Sir David 
Brewster, who has entered into some particular 
discussions on this subject, after stating the re- 
markable coincidences between this hypothesis 
and actual observation, concludes in the following 
words: “These singular resemblances in the mo- 
tions.of the greater fragments and in those of the 
lesser fragments, and the striking coincidence be- 
tween theory and observation in the eccentricity 
of their orbits, in their inclination to the ecliptic, 
in the position of their nodes, and in the places 
of their aphelia, are phenomena which could: not 
possibly result from chance, and which concur to 
prove, with an evidence amounting almost to 
demonstration, that the four new planets have di- 


.verged from one common node, and have therefore 


composed a single planet.” 

Another species of phenomena, on which a 
great mystery still hangs, might be partly eluci- 
dated were. the above hypothesis admitted, and 
that is the singular but not well-attested fact of 
large masses of solid matter falling from the higher 
regions of the atmosphere, or what are termed 
meteoric stones. Few things have puzzled philo- 
sophers more than to account for large fragments 
of compact rocks proceeding from regions beyond 
the clouds, and falling to the earth with great ve- 
locity. These stones sometimes fall during a 
cloudy, and sometimes during a clear and serene 
atmosphere; they are sometimes aecompaniéd with 
explosions, and sometimes not. The following 
statements, selected from respectable authorities, 
will convey some idea of the phenomena peculiar 
to these bodies. The first description I shall se- 
lect is given by J. L. Lyons, Esq., F. R. S., and 
contained in the “Transactions of the Royal So- 
ciety.” It is entitled, “Account of the Explosion 
of a Meteor, near Benares, in the East Indies, 
and of the falling of some Stones at the same 
time.’ The following are only the leading par- 
ticulars. ‘A circumstance of so extraordinary a 
nature as the fall of stones from the heavens could 
not fail to excite the wonder and to attract the at- 
tention of every inquisitive mind. On the 19th 
of December, 1798, about eight o’clock in the 
evening, a very luminous meteor was observed in 
the heavens by the inhabitants of Benares and 
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theparts adjacent, in the form of a large ball of 
fire; it was accompanied by a loud noise resem- 
bling thunder, and a number of stones fell from 
it about fourteen miles from the city of Benares. 
It was observed by several Europeans, as well as 
natives, in different parts of the country. It was 
likewise very distinctly observed by several Euro- 
pean gentlemen and ladies, who described it as a 
large ball of fire, accompanied with a loud rum- 
bling noise not unlike an ill-discharged platoon of 
musketry. It was also seen and the noise heard by 
several persons at Benares. When a messenger 
was sent next day to the village near which they 
had fallen, he was told that the natives had eithér 
broken the stones to pieces, or given them to the 
native collector or others. Being directed to the 
spot where they fell, he found four, most of which 
the fall had buried six inches deep in the earth.— 
He learned from the inhabitants that, about eight 
o’clock in the evening, when retired to their habi- 
tations, they observed a very bright light, pro- 
ceeding as from the sky, accompanied with a loud 
clap of thunder, which was immediately followed 
by the noise of heavy bodies falling in thé vicinity. 
They did not venture out to make any inquiries 
until next morning, when the first circumstance 
that attracted their attention was the appearance 
of the earth being turned up in several parts of 
their fields, where, on examination, they found 
the stones. Several other stones of the same de- 
scription were afterward found by different per- 
sons. One of these stones, of about two pounds’ 
weight, fell through the top of the watchman’s 
hut, close to which he was standing, and buried 
itself several inches in the floor, which was of 
consolidated earth. The form of the more. per- 
fect stones appeared to be that of an irregular 
cube, rounded off at the edges, but the angles 
were to be observed on most of them. At the 
time when the meteor appeared the sky was per- 
fectly serene; not the smallest vestige of a cloud 
had been seen since the 11th of the month, nor 
were any observed for many days after. It is 
well known there are no volcanoes on the conti- 
nent of India, and therefore they could not de- 
rive their origin from any such source; aud no 
stones have been met with in the earth, in that 
part of the world, which bear the smallest resem- 
blance to those now described.” 

On the 13th of December, 1795, a stone weigh- 
ing fifty-six pounds fell near Wold cottage, in 
Yorkshire, at three o’clock, p.m. It penetrated 
through twelve inches of soil and ‘six inches of 
solid chalk rock, and, in burying itself, had thrown 
up an immense quantity of earth to a great dis- 
tance; as it fell, a number of explosions were 
heard as.loud as pistols. In the adjacent villages 
the sound was heard as of great guns at sea; but 
at two adjoining villages the sounds were so dis- 
tinct of something passing through the air to the 
residence of Mr. Topham, that five or six people 
came up to see if anything extraordinary had 
happened at his house. When the stone was ex- 
tracted, it was warm, smoked, and smelt very 
strong of sulphur. The day was mild and hazy, 
but there was no thunder nor lightning the whole 
day. No such stone is known in the country, 
and there is no voleano nearer than Vesuvius or 
Hecla. The constituent parts of this stone were 
found exactly the same as those of the stones from 
Benares.* 

On the 26th of April, 1803, an extraordinary 





* See along paper on this subject, by E. Howard, Esq., 
F. R. S., in “Transactions of the Royal Society of London” 
for 1802. 
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shower of stones happened at L’Aigle, in Nor- 
mandy. About one o’clock, the sky being almost 
serene, a rolling noise like that of thunder was 
heard, and a fiery globe of uncommon splendor 
was seen, which moved through the atmosphere 
with great rapidity. Some moments after there 
was heard at L’Aigle, and for thirty leagues 
around in every direction, a violent explosion, 
which Jasted five or six minutes; after which was 
heard a dreadful rumbling like the beating of a 
drum. In the whole district there was heard a 
hissing noise like that of a stone discharged from 
a sling, and a great many mineral masses, exactly 
similar to those distinguished by the name of me- 
teor stones, were seen to fall. The largest of these 
stones weighed seventeen pounds and a half. The 
Vicar of St. Michael’s observed one of : the stones 
fall with a hissing noise at the feet of his niece in 
the courtyard of his parsonage, and that it re- 
bounded more than a foot from the pavement.— 


‘When it was taken up and examined, it’‘was found 


to resemble the others in every respect. As a 
wire manufacturer was working with his men in 
the open air, a stone grazed his arm and fell at his 
feet, but it was so hot that, on attempting to take. 
it up, he instantly let it fall again. The celebrated 
Biot was deputed by government to repair to the 
spot and collect all'the authentic facts in relation 
to this phenomenon, an account of which was 
afterward published in a long memoir. He found 
that almost all the residents of twenty hamlets de- 
clared that they were eyewitnesses of the shower 
of stones which was darted from the meteor.— 
The interior parts of these stones resembled those 
of all the meteorites analyzed by Messrs. Howard 
and Vauquelin, such as those described above. 
They all contain silica, magnesia, oxyd of iron, 
nickel, and sulphur, in various proportions.— 
Their specific gravity is about three and one- 
third or three and one-half times heavier than 
water. 

The following are a few brief statements in re- 
lation to this subject. In 1492, November 7, a 
stone of 260 lbs. fell at Eusisheim, in Alsace. It 
is now in the library of Colmar, and has been re- 
duced to 150 lbs., in ‘consequence of the abstrac- 
tion of fragments, The famous Gassendi relates 
that a stone of a black metallic color fell on Mount 
Vaision, in. Provence, November 29, 1637. It 
weighed 54 lbs., and had the size and shape of the 
human head. Its specific gravity was three and 
one-half times that of water. 1654, March 30: A 
small stone fell at Milan and killed a Franciscan 
1706, June 7: A stone of 72 Ibs. fell at Larissa, 
in Macedonia; it smelled of sulphur, and was like 
the scum of iron. 1751, May 26: T'wo masses 
of iron, of 71 lbs. and 16 Ibs., fell in the district 
of Agram, the capital of Croatia. "The largest of 
these is now in Vienna., 1790, July 24: A great 
shower of stones fell at, Barbotan, near Roquefort, 
in the vicinity of Bourdeaux. A mass fifteen 
inches in diameter, penetrated a hut and killed a 
herdsman and a bullock. Some of the stones 
weighed 25 Ibs., and others 30 lbs. July, 1810: 
A large ball of fire fell from the clouds at Shaha- 
bad, which burned five villages, destroyed the 
crops, and killed several men andwomen. No- 
vember 23, 1810: Three stones fell in the com- 
mune of Charionville and neighborhood of Or- 
leans. These stones were precipitated perpendic- 
ularly, and without the appearance of any light 
or ball of fire. One of them weighed 20 lbs., and 
made a hole in the ground in a perpendicular di- 
rection, driving up the earth to the hight of eight 
or ten feet. It was taken out half an hour after, 
when it was still so hot that it could scarcely be 
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held inthe hand. The second formed a hole three 
feet deep, and weighed 40 Ibs. 1812, April day 
A stone, the size of a child’s head, fell at Erxle- 
ben, and a specimen of it is in the possession 
of Professor Haussmann, of Brunswick. 1814, 
September 1: A few minutes before midday, 
while the sky was perfectly serene, a violent de- 
tonation was heard in the department of the Lot 
and Garonne. This was followed by three or four 
others, and finally by a rolling noise, at first re- 
sembling a discharge of musketry, afterward the 
rumbling of carriages, and, lastly, that of a large 
building falling down. Stones were immediately 
after precipitated to the ground, some of which 
weighed 18 lbs., and sank into a compact soil to 
the depth of eight or nine inches, and one of them 
rebounded three or four feet from the ground.— 
1818, July 29,0. S.: A stone of 7 lbs. weight fell 
at thé village of Slobodka, in Russia, and pene- 
trated nearly sixteen inches into the ground. It 
had a brown crust with metallic spots. In 1825, 
February 10: A meteoric stone weighing 16 lbs. 
7 oz., fell from the air at Nanjemoy, Maryland.— 
It was taken from the ground about half an hour 
after its fall, was sensibly warm,and had a sul- 
phurous smell. ¥ 
Several hundreds of instances similar to the 
above might be produced of large masses of stones 
having fallen from the upper regions upon the 
earth.* These stones, although they have not the 
smallest analogy with any of the mineral sub- 
stances already known, either of a volcanic or any 
other nature, have a very peculiar and striking 
analogy with each other. They have been found 
at places very remote from each other, and at 
very distant periods. The mineralogists who have 
examined them agree that they have no resem- 
blance to mineral substances, properly so called, 
nor have they been described by mineralogical 
authors. They have, in short, a peculiar aspect, 
and peculiar characters which belong to no native 
rocks or stones with which we are acquainted. 
They appear to have fallen from various points of 
the heavens, at all periods, in all seasons of the 
year, at all hours both of the day and night, in 
all countries in the world, on mountains and on 
plains, and in places the most remote from any 
volcano. The luminous meteor which generally 
precedes their fall is carried along in no fixed or 
invariable direction; and as their descent usually 
takes place in a calm and serene sky, and fre- 
quently in cloudless weather, their origin cannot 
be traced to the causes which operate in the pro- 
duction of rain, thunder-storms, or tornadoes. 
From a consideration of these and many other 
circumstances, it appears highly probable, if not 
absolutely certain, that’ these substances proceed 
from regions far beyond the limits of our globe. 
That such solid substances, in large masses, could 
be generated in the higher regions of the atmo- 
sphere, is an opinion altogether untenable, and is 
now generally discarded, even by most of those 
philosophers who formerly gave it their support. 
That they have been projected from volcanoes is 
a hypothesis equally destitute of support; for the 
products of voleanoes are never found at any 
great distance from the scene of their formation, 
and the substances they throw out are altogether 
different in their aspect and composition from 
meteoric stones. Beside, these stones, in most 
instances, have descended to the eatth in places 





* For more particular details on this subject, the reader 
may consult «The Edinburgh Encyclopedia,” art. Meteorite, 
The “ Edin, Phil. Journal,” No, 2, p. 221-255. _ « Phil, Mag- 
azine,” vol. xiii. “ Retrospect of Philosophical Discove- 
ries,” 1805, vol. 1, p. 201-210, &c., &e. 
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removed hundreds, or even thousands of miles 
from any volcanic mountain, and at times when 
no remarkable eruption was known to take place. 
Perceiving no probability of their having their 
origin either in the earth or the atmosphere, Dr. 
‘Hutton, Poisson, La Place, and others, conjec- 
tured that they were projected from the moon. 
They demonstrated the abstract proposition, that 
a heavy body projected with a velocity of six 
thousand feet in a second, may be carried beyond 
the sphere of the moon’s attraction, and come 
within the attraction of the earth. But it has 
never yet been proved that volcanoes exist on the 
surface of the moon; and, although they did exist, 
and were as large and powerful as terrestrial vol- 
canoes, they would have no force sufficient to 
carry large masses of stone with such a rapid 
velocity over a space of several thousands of 
miles. Beside, were the moon the source of 
meteoric stones, ejected from the craters of volca- 
noes, we should expect such voleanic productions 
to exhibit several. varieties of aspect and composi- 
tion, and not the precise number of ingredients 
which are always found in meteoric stones.— 
From a consideration of the difficulties attending 
this hypothesis, La Place was afterward induced 
to change his opinion. ; 

In order to trace the origin of meteoric stones, 
we are therefore under the necessity of directing 
our views to regions far beyond the orbit of the 
moon. On the supposition that the bursting of a 
large planet was the origin of the small planets 
Vesta, Juno, Ceres,-and Pallas, we may trace a 
source whence meteoric stones probably originate. 
‘‘ When the cohesion of the planet was overcome 
by the action of the explosive force, a number of 
little fragments, detached along with the greater 
masses, would, on account of their smallness, be 
projected with very great velocity; and, being 
thrown beyond the attraction of the greater frag- 
ments, might fall toward the earth when Mars 
happened to be in the remote part of his orbit.— 
When the portions which are thus detached arrive 
within the sphere of the earth’s attraction, they 
may revolve round that body at different distances, 
and may fall upon its surface, in consequence of 
a diminution of their centrifugal force; or, being 
struck by the electric fluid, they may be precipi- 
tated upon the earth, and exhibit all those phe- 
nomena which usually accompany the descent of 
meteoric stones.’’ This opinion appears to have 
been first broached by Sir David Brewster, and is 
stated and illustrated in the “Edinburgh Encyelo- 
pedia,’”’ article Astronomy, and in vol. ii, of his 
edition of “Ferguson’s Astronomy.” Though 
not unattended with difficulties, it is perhaps the 
most plausible hypothesis which has yet been 
formed to account for the extraordinary pheno- 
mena of heavy substances falling with velocity 
upon the earth through the higher regions of the 
atmosphere. 

On this subject T would consider it as prema- 
ture to hazard any decisive opinions. I have laid 
down the above facts before the reader. that he 
may be enabled to exercise his own judgment 
and form his own conclusion. I have stated them 
particularly with this view, that they may afford 
a subject of investigation and reflection. For all 
the works and dispensations of the Almighty, 
both in the physical and moral world, are worthy 
of our contemplation and research, and may ulti- 
mately lead both to important discoveries and to 
moral instruction. Though “the ways of God” 
are, in many instances, “ past finding out,” yet it 
is our duty to investigate them so far as our 
knowledge and limited powers will permit. For 
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as we are told, on the highest authority, that “the 
works of the Lord are great and marvelous,” so 
it is declared that ‘they will be sought out’? or 
investigated “by all those who have pleasure 
therein.’’? There is, perhaps, no: fact throughout 
the universe, however minute in itself, or however 
distant from the scene we occupy, but is calcu- 
lated, when properly considered, to convey to the 
mind an impression of the character of the Deity 
and of the principles of his moral government. 
The mere philosopher may content himself with 
the application of the principles of chemistry 
and mathematics to the phenomena of matter and 
motion; and it is highly proper and necessary 
that both chemical and mathematical analysis be 
applied for the investigation of the laws and order 
of the material universe; but the man who recog- 
nizes the principles of Divine Revelation will rise 
to still higher views. -From nature he will ascend 
to nature’s God, and trace the invisible perfections 
of the Eternal from the visible scene of his works; 
and, from his physical operations, will endeavor 
to learn something of the order and economy of 
his moral administration. Sant 

If there be any foundation for the hypothesis 
to which we have adverted, it might be a question 
and a subject of consideration at what period the 
disruption of the supposed planet may have taken 
place. If the history of. the fall of meteoric 
stones would be considered as throwing any light 
on this question, it will follow that such an event 
must have taken place at a very distant period: 
for the descent of such stones can be traced back 
to periods more than a thousand years before the 
commencement of the Christian era; perhaps 
even to the days of Joshua, when a shower of 
stones destroyed the enemies of Israel,* which 
would lead us to conclude that more than three 
thousand years must have elapsed since such an 
event. It might likewise be a subject of inquiry, 
why the Deity has exposed the earth to the im- 
pulse of such ethereal agents; for the fall of me- 
teoric stones is evidently attended with imminent 
danger to the inhabitants of those places on which 
they fall. The velocity and impetus with which 
they descend are sufficient to cause instant death 
to those whom they happen to strike, and even to 
demolish human habitations, as happened in sev- 
eral of the instances above recorded. Would the 
Deity have permitted a world peopled with inno- 
cent beings to be subjected to such accidents and 
dangers? If not, is it not a presumptive proof 
that man, in being exposed to such casualties from 
celestial agents, as well as from storms, earth- 
quakes, and volcanoes, is not in that state of prime- 
val innocence in which he was created? And if 
we suppose that a moral revolution was the cause 
of the catastrophe which happened to the planet 
to which we allude, we may trace both a physical 
and a moral connection, however distant, between 
the earth and that planet; for if the stones to 
which we allude are a part of the wreck of that 
world, they have been the means of exciting 
alarm among various tribes of the earth’s popula- 
tion, and of producing destruction and devastation; 
so that one depraved world has. been the instru- 
ment in some degree of punishing another. 

But perhaps I have gone too far in such specu- 
lations. I have stated them with the view of 





* These stones, in our translation of the Bible, are called 
hailstones, but without any reason, since the original word, 
abenim, signifies stones in general according to the definition 

iven in Parkhurst’s Hebrew Lexicon; and in the book of 
Fob, chap. xxviii. 3, the word is translated stones of dark: 
ness; meaning, undoubtedly, metallic stones or metals which 
are searched out from the bowels of the earth, 
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showing that we might occasionally connect our 
moral views of the Deity with the contemplation 
of the material fabric of the universe. When, 
through the medium of our telescopes and our 
physical investigations, we obtain a glimpse of 
the order and economy of a distant region of the 
universe, it may be considered as a new manifes- 
tation of the Deity, and it is our duty to deduce 
from it those instructions it is calculated to con- 
vey. And although we may occasionally deduce 
erroneous conclusions from existing facts, yet 
such speculations and reflections may sometimes 
have a tendency to excite an interesting train of 
thought, and to inspire us with an ardent desire 
of beholding the scene of the universe and the 
plan of the Divine administration more completely 
unfolded, in that world where the physical and 
moral impediments which now obstruct our in- 
tellectual vision shall be forever removed. 


‘VI. ON THE PLANET JUPITER. 


Next to Pallas, in the order of the system, is 
the planet Jupiter. This planet, when nearest 
the earth, is the most splendid of all the nocturnal 
orbs, except Venus and the moon. Its distance 
from the sun is 495,000,000 of miles, and the cir- 
cuniference of its orbit, 3,110,000,000 of miles. 
Around this orbit it moves in eleven years and 
three hundred and fifteen days, at the rate of 
nearly thirty thousand miles every hour. When 
nearest to. the earth, at the time of its opposition 
to the sun, it is about 400,000,000 of miles dis- 
tant from us. A’ faint idea of this distance may 
be acquired by considering that a cannon-ball, 
flying five hundred miles every hour, would re- 
quire more than ninety-one ‘years to pass over 
this space; and a steam-carriage, moving at the 
rate of twenty miles an hour, would require 
nearly two thousand three hundred years before 
it could reach the orbit of Jupiter. When at its 
greatest distance from the earth, about the time 
of its conjunction withthe sun, this planet is dis- 
tant from us no less than 590,000,000 of miles; 
yet its apparent size, in this case, does not appear 
very much diminished, although it is 190,000,000 
of miles farther from us in the latter case than in 
the former. When viewed with a telescope, how- 
ever, it appears sensibly larger and more splendid 
at the period of its opposition than when near the 
point of its conjunction. 

Diurnal Rotation.—This planet has been found 
to revolve around its axis in the space of nine 
hours, fifty-five minutes, and forty-nine and a 
half seconds. This discovery was made by ob- 
serving a small spot in one of the belts, which 
appeared gradually to move across the dise of the 
planet. Mr. Hook appears to have first observed 
itin the year 1664; and in the following year, 
1665, Cassini, that accurate observer of the hea- 
vens, perceived the same spot, which appeared 
round, and moved with the greatest velocity when 
in the middle, but was narrower, and moved more 
slowly as it approached nearer the edge of the 
disc, which showed that the spot adhered to the 
body of Jupiter, and was carried round upon it. 
This spot continued visible during the following 
year, so that Cassini was enabled to determine the 
period of Jupiter’s rotation to be nine hours and 
nearly fifty-six minutes. This rotation is far 
more rapid than that of any of the other planets, 
so far as we know, and nearly equals the velocity 
of Jupiter in his annual course round the sun. 
The circumference of this planet is 278,600 miles, 
and, therefore, its equatorial parts will move with 
a velocity of 28,000 miles an hour, which is 
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3000 miles more than the equatorial parts of the 
earth’s surface move in twenty-four hours. This 
rapid velocity of the tropical regions of Jupiter, 
and of the places which lie adjacent to them, will 
have the effect of rendering all bodies lighter than 
they would be were the motion of rotation as 


slow as that of the earth. The gravity of bodies 
at the surface of Jupiter is more than twice as_ 


great as at the surface of the earth, on account 
of his superior bulk; so that a body weighing one 
pound at the equatorial surface of the earth would 
weigh two pounds four ounces and a half at the 
surface of Jupiter. If, therefore, we were trans- 
ported to the surface of that planet, we should be 
a burden to ourselves, being pressed down with 
more than double our present weight, and having 
but the same strength to support it, But Jupiter 
is eleven times larger in circumference than the 
earth; and hence, if both planets revolved on 
their axes in the same time, the centrifugal force 
on Jupiter would be eleven times greater than 
with us. But the squares of the number of revo- 
lutions performed in the same time by the earth 
and Jupiter, that is, the square of twenty-four 
hours, and the square of nine hours, fifty-six mi- 
nutes, are mearly as one to six; therefore,.a body 
placed on Jupiter will have sixty-six* times a 
greater centrifugal force than with us, which 
would sensibly relieve the weight of the inhabit- 
ants if they stood in need of it This rapid ro- 
tation would of itself relieve them of one-eighth 
or one-ninth of their whole weight; or, in other 
words, a body weighing eight stone at the equator 
of Jupiter, if the planet stood still, would gravi- 
tate with a force of only seven stone on the com- 
mencement of its diurnal rotation, at the rate’ at 
which we now find it. 

It may perhaps be surmised by some that, since 
the semidiameter of Jupiter is eleven times greater 
than that of the earth, the attraction or weight 
of bodies on its surface ought to be eleven times 
greater than on the surface of our globe. This 
would be the case if the matter in Jupiter were as 
dense asin the earth; and the weight of bodies 
would, of course, be in proportion to their semi- 
diameter, or the distance of the surface from the 
centers of these bodies. But the density of Ju- 
piter is only a little more than that of water, while 
the density of the earth is five times greater. If 
the density of Jupiter were as great as that of the 
earth, and, consequently, the weight of bodies on 
its surface eleven times greater, men of our stature 
and make could scarcely be supposed to support 
eleven times the weight of such bodies as ours, 
but behooved to be almost chained down to the 
surface of the planet by their own gravity; and 
were we to suppose them of a larger stature, this 
inconvenience would become the greater; for the 
least of any species of animated beings have 
generally the greatest nimbleness and agility of 
motion. ‘This circumstance is perhaps one of the 
reasons why. the larger planets of the system have 
the least degree of density: for if Jupiter were 
composed of materials as dense as those of Mer- 
cury, organized beings like man would be unable, 
without a supernatural power, to traverse the sur- 
face of such a planet. 

In consequence of the rapid motion of Jupiter, 
the days and nights will be proportionably short. 
The sun will appear to move through the whole 
celestial hemisphere, from the eastern to the west- 
ern horizon, in less than five hours, and all the 
planets and constellations will appear to move 
with the same rapidity: so that the apparent mo- 





* That is, 11x 6=66. 


“globe. 
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tions of all these bodies will be perceptible to the 
eye when contemplating them only for a few mo- 
ments, excepting those which appear near the po- 
lar regions, The sky of this planet will, there- 
fore, assume an air of sublimity superior to ours, 
in consequence of all the bodies it contains ap- 


‘pearing to sweep so rapidly around, and to change 


their positions in'so short a space of time. As 
Jupiter moves round the sun in 4332%¢ of our 
days, and round its axis in nine hours, fifty-six 
minutes, there will be 10,470 days in the year of 
that planet. 

Magnitude and Superficial Contents of the Globe 
of Jupiter.—This planet is the largest in. the sys- 
tem, being 89,000 miles in diameter, and, conse- 
quently, upto hundred times larger than. the 
earth. Its surface contains 24,884,000,000, or 
twenty-four thousand eight hundred and eighty- 
four millions of square miles, which, at the rate 
of population formerly stated, 280 inhabitants to 
a square mile, would be sufficient for the accom- 
modation of 6,967,520,000,000, or nearly seven 
billions of inhabitants, which is more than eight 
thousand seven hundred times the present popula- 
tion of our globe, and nearly fifty times the num- 
ber of human beings that have existed on the 
earth since its creation. Although the one-half 
of this planet were covered with water, which 
does not appear to be the case, it would still be 
ample enough to contain a population more 
than four thousand times larger than that of our 
If such a population actually exist, as 
we have little reason to doubt, it may hold a rank, 
under the Divine government, equal to several 
thousands of worlds such as ours. Such an im- 
mense globe, replenished with such a number of 
intellectual beings, revolving with such amazing 
rapidity round its axis, moving forward in its an- 
nual course 30,000 miles every hour, and carry- 
ing along with it four moons larger than ours to 
adorn its firmament, presents to the imagination 
an idea at once wonderful and sublime, and dis- 
plays a scene of wisdom and omnipotence worthy 
of the infinite perfections of its Creator. 

Discoveries which have been made in relation to 
Jupiter by the Telescope—Jupiter presents a splen- 
did and interesting appearance when viewed with 
a powerful telescope. His surface appears much 
larger than the full moon to the naked eye; his 
disc is diversified with darkish stripes; his satel- 
lites appear sometimes in one position and some- 
times in another, but generally in a straight line 
with each other. Sometimes two of them are 
seen on one side of the planet and two on an- 


| other; sometimes two only are visible, while the 


other two are eclipsed either by the dise or the 
shadow of Jupiter; and sometimes all the four 
may be seen on one side and in a straight line 
from the planet, in the order of their distances; 
so that these moons present a different aspect and 
relation to each other every successive evening. 
These moons were first seen by Galileo, in the 
year 1610, by means of a telescope he had con- 
structed, composed of two glasses, a concave 
next the eye, and a convex next the object, which 
magnified about thirty-three times. No further 
discoveries were made in relation to this planet 
until about the year 1633, when the belts were 
discovered by Fontana Rheita, Riccioli, and seve- 
ral others. They were afterward more particu- 
larly observed and delineated by-Cassini. These 
belts appear like dark stripes across the disc of 
the planet, and aré generally parallel to one an- 
other and to the planet’s equator. They are 
somewhat variable, however, both as to their 
number and their distance from each other, and 
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sometimes as to their position On certain occa- 
- sions eight have ‘been seen at a time; at other 
times only ene. Though they are generally pa- 
rallel to one’ another, yet a piece of a belt has 
been seen in an oblique position to the rest, as in 
Fig. 49. They also vary in breadth; for one belt 
has been observed to have grown a good deal nar- 
rower than it was, when a neighboring belt has 
been increased in breadth, as if the one, like a 
fluid, had flowed into the other. In favor of. this 
opinion, it is stated in the “ Memoirs of the Royal 
Academy of Sciences,” that a part of an oblique 
belt was observed to lie so as to form 2 communi- 
cation between them, as represented in Fig. 49. 
At one time, says Dr. Long, the belts have con- 
tinued without sensible variations for nearly three | 
months; at another time a new belt has been 
formed in an hour or two. They have sometimes 
been seen broken up and distributed over the 
whole face of the planet, in which state they are 
exhibited in some of the delineations of Sir W. 
Herschel ; but this phenomenon is extremely 
rare, and does not appear to have been noticed 
by any other observer. In the year 1787, Schroe- 
ter saw two dark belts in the middle of Jupiter’s 
disc: and near to them two white and luminous 
belts, resembling those which were seen by Cam- 
‘pani in 1664. The equatorial zone which was 
comprehended between the two dark belts had as- 
sumed a dark gray color, bordering upon yellow. 
The northern dark belt then received a sudden 
increase of size, while the southern one became 
partly extinguished, and. afterward increased into 
an uninterrupted belt. The luminous belts also 
suffered several changes, growing sometimes nar- 
rower, and sometimes one-half larger than their 
original size.- 
The following figures represent some of the ap- 
pearances of the belts of Jupiter. 




































Fig. 49, represents a view of Jupiter’s belts by 
Cassini. Fig. 50, a view from Dr. Hook, as de- 
lineated in the “ Philosophical Transactions” for 
1666, which was taken by a sixty feet refracting 
telescope. The small black spot on the middle 
belt, which did not appear at the beginning of the | 
observation, and which moved about a third or 
fourth part across the disc in the space of ten 
minutes, was judged to be the shadow of one} 
of the satellites moving across the disc of the 
planet. Fig 51, exhibits a view of Jupiter as he 












































appeared about the end of 1832 and the begin- 
ning of 1833, which was taken by means of an 
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achromatic telescope, with magnifying powers of 
150 and 180 times. Fig. 52, is a view taken 
with the same telescope in 1837. In this view 
the principal belt near the planet’s equator ap- 
peared dark, distinct, and well-defined; but the 
other two belts at either pole were extremely 
faint, and could only be perceived after a minute 
inspection. Fig, 53, is a view in which a bright 















































and a dark spot were perceived on one of the 
belts; and Fig. 54, a view by Sir John Herschel. 
I have had an opportunity of viewing Jupiter 
with good telescopes, both reflecting and achro- 
matic, for twenty or thirty years past; and, 
among several hundreds‘ of observations, I have 
never seen above four or five belts at one time.— 
The most common appearance I have observed is 
that of two belts, distinctly marked, one on each 
side of the planet’s equator, and one at each 
pole, generally broader, but much fainter than 
the others. I have never perceived much change 
in the form or position of the belts during the 
same season, but in successive years a slight de- 
gree of change has been perceptible, some of the 


belts having either disappeared, or turned much 


fainter than they were before, or shifted somewhat 
their relative positions; but I have never seen Ju- 
piter without at least two or three belts. Some 
of the largest of these belts, being at least the one- 


_ | eighth part of the diameter of the planet in breadth, 


must occupy a space at, Jeast 11,000 miles broad 
and 278,000 miles in circumference; for they run 
along the whole circumference of the planet, and 
appear of the same shape during every period of 
its rotation. It is probable that the smallest belts 
we can distinctly perceive by our telescopes are 
not much less than a thousand miles in breadth. 
What these belts really are has been a subject 
of speculation and conjecture among astronomers, 
but it is difficult to arrive at any definite conclu- 
sion. By some they have been regarded as im- 
mense strata of clouds in the atmosphere of Ju- 
piter; while others imagine that they are the 
marks of great physical changes which are con- 
tinually agitating the surface of this planet. I 
am inclined to think that the dark belts are por- 
tions of the real surface of the planet, and that 
the brighter parts are something analogous to 
clouds, or other substances with which we are 
unacquainted, floating in its atmosphere, at a con- 
siderable elevation above its surface. That the 
dark belts are the body of the planet appears 
highly probable from this consideration, that the 
spot by which the rotation of Jupiter was deter- 
mined has been always found in connection with 
one of the dark belts; and as this spot must be 
considered as a permanent one on the body of Ju- 
piter, so the belt with which it is connected must 


| be considered as a portion of the real body of the 


planet. It is absurdand preposterous to suppose, 
as some have done, that the changes on the sur- 
face of Jupiter are produced by physical convul- 
sions, occasioned by earthquakes and inundations; 
for, in such a case, the globe of Jupiter would be 
unfit for being the peaceful abode of rational 
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inhabitants. What should we think of a world 
where 5000 miles of ocean occasionally inundated 
a corresponding portion of the land, or where 
earthquakes sometimes swallowed up continents 
of several thousands of miles in length and 
breadth? Such physical catastrophes recurring 
every year on such a splendid and magnificent 
globe as Jupiter would not only render it unfit 
for the habitation of any beings, but de imply 
a reflection on the wisdom and benevolence of the 
great Creator. Whatever opinions, therefore, we 
may adopt, respecting the phenomena of this pla- 
net, they ought to be such as are consistent with 
the idea of a habitable world and with the perfec- 
tions of the Deity. Were the belts of Jupiter 
permanent and invariable, it would. be compara- 
tively easy to account for the phenomena which 
appear on his surface; for the dark belts might be 
considered as seas, and the brighter portions of 
his surface as land. But as these belts, whether 
bright or dark, are found to be variable, we must 
have recourse to another hypothesis for their ex- 


planation, or be content, in the meantime, to 


confess our ignorance. Our opinions and con- 
jectures respecting the circumstances of other 
worlds are too frequently guided merely by what 


we know of the objects and operations which ex-, 


ist on our globe; and we are apt to think that the 
arrangements of other globes destined for the 
abode of intellectual beings must be similar to 
those of our own. We talk of physical convul- 
sions, earthquakes, and inundations in Jupiter, 
and of volcanic eruptions in the sun and moon, 
as if these phenomena were as common in other 
worlds as in the earth; whereas it is not improba- 
ble that they are peculiar to our globe, and that 
they are connected with the moral, or rather de- 
moralized state of its present inhabitants. There 
is an infinite variety in the system of nature; and 
it is highly probable that there is no world in the 
universe that exactly resembles another. Al- 
though Jupiter moves round the sun, and turns 
upon his axis by the same laws which direct the 
motions of our globe, yet there may be as great a 
difference in the arrangements connected with 
this planet and those of the earth, as there is be- 
tween the constitution of the earth and that of a 
planet which revolves around the star Sirius.— 
W ould it be altogether improbable to suppose that 
the globe of Jupiter is partly inclosed within a 
sphere ‘of semitransparent substance, at a conside- 
rable elevation above his surface, or rather within 
parallel rings, like an Armillary sphere composed 
of such a substance, which vary their position, 
and sometimes surround one part of his globe and 
sometimes another? These rings, of whatever 
substance they might be composed, might serve 
to reflect the rays of the sun so as to produce an 
addition of light and heat, and, at the same time, 
by ie feo a variety of colors and motions, to 
diversify and adorn the firmament of this planet. 
Almost any supposition is preferable to the idea 
of a continued scene of physical convulsions.— 
The idea now thrown out is not more extravagant 
than that of a planet nearly as large as Jupiter 
being surrounded with two concentric rings. Had 
we not discovered the rings of Saturn, we should 
never have formed the idea of a world environed 
with such an appendage. Asa corroboration of 
the idea that the bright stripes which appear on 
this planet surround its body at a considerable ele- 
vation, it has been observed by Sir John Herschel, 
& that the dark belts do not come up in all 
their strength to the edge of the disc, but fade 
away gradually before they reach it;?? an almost 
decisive proof that the bright belts inclose the 
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dark ones, or, in other words, the body of the 
planet; and that they are elevated above the dark 
globe of Jupiter, in all probability, not less than 
a thousand miles. 

Whatever opinion we may form as to the con- 
stitution of this planet, the phenomena it presents 
afford a vast field for investigation and reflection. 
If it be a fact, as has been asserted by credible 
observers, that two belts have. gradually disap- 
peared during the time of an observation, and 
that, at another time, a new belt has been formed 
in an hour or two, agents far more powerful than 
any with which we are acquainted must have 
been in operation to produce, such an effect, and 
changes more extensive than any which take place 
in our terrestrial sphere must have happened in 
the regions connected with Jupiter; for some of 
the belts of this planet are from five to ten thou- 
sand miles in breadth; and if those alluded to ex- 
tended quite across the eo the planet, they 
must have been more than one hundred and thirty 
thousand miles in length. Yet such a change 
may have taken place, not only without convul- 
sions, causing terror and confusion, but to the 
admiration and joy of the inhabitants of that 
globe, as opening up a new and striking scene in 
the canopy of heaven; for if we suppose such 
bright belts or circles as we have imagined rapid- 
ly to shift their position in the canopy above, 
such.a grand effect might in a short time be pro- 
duced. 

Beside the belts, spots of different kinds, some 
of them brighter and some darker than the belts, 
have been occasionally seen. The spot by which 
Jupiter’s rotation was determined is the largest, 
and of the longest continuance of any hitherto ob- 
served. Its diameter is one-tenth of the diameter 
of Jupiter, and it is situated in the northern part of 
the southern belt. Its center, when nearest that 
of the planet, is distant from the center of Jupiter 
about one-third of the semidiameter of the planet. 
This spot was first perceived by Hook and Cassini 
in the years 1664, 1665, and 1666. It appeared and 
vanished eight times between the years 1665 and 
1708. From 1708 until 1713 it was invisible; the 
longest time of its continuing visible was three 
years, and the longest period of its disappearing 
was from 1708 to 1713. It has evidently some 
connection with the southern belts; for it has 
never been seen when that disappeared, though 
that belt has often been visible without the spot 
Beside this ancient spot, as it is called, Cassini, in 
the year 1699, saw one of less stability, which 
did not continue of the same shape and dimen- 
sions, but. broke into several small ones, of which 
the revolution was but 9 hours, 51 minutes; ana 
two other spots which revolved in 9 hours, 521g 
minutes. The large spot described above, being 
about the one-tenth of the diameter of J upiter, 
must have been more than 8000 miles in extent, 
and, consequently, larger than the diameter of 
the earth. When Cassini had assured himself of 
the period of rotation from the motion. of this 
spot, he made a report of his observations to the 
Royal Academy of Sciences, and calculated the 
precise moment when the spot would appear on 
the eastern limb of the planet, on a future day; on 
which the academy sent a deputation of M. Buot, 
M. Mariotte, and others, to be present at the ob- 
servation; and when-they came to the royal obser- 


vatory, they saw the spot in the position pre- 
dicted, and traced its'motion for an hour or two, 
until the heavens began to be’ overcast with 


clouds. All the observations which have been 
made upon this spot and others, and its successive 
appearance and disappearance, perfectly agree 
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with the idea of bright belts’ inclosing the globe 
of Jupiter at a distance from the surface, and 
varying their aspect and motions at different pe- 
riods of time. And although some readers may 
consider it as a trifling matter to dwell:with such 
particularity on a spot in Jupiter, yet that. spot, 
however insignificant it may appear through our 
telescopes, may be more spacious and important 
in the system of nature than all the continents 
and islands of our globe, and may form a greatér 
portion of the divine government than ‘all the 
kingdoms of the earth. : 

There is a peculiar splendor in the appearance 
of Jupiter, both through the telesecope‘and -to the 
naked eye, considering his great distance from the 
sun and from the°earth. The planet Mars ap- 
pears comparatively dull and obscure, even when 
nearest the earth, when it is only fifty millions of 
miles distant; while the planet Jupiter, which is 
350 millions of miles farther from the earth and 
from the source of é presents a brilliancy of 
aspect far superior. ‘This circumstance seers to 
indicate that there is some apparatus connected 
with the globe of Jupiter caleulated to reflect the 
light of the sun in a peculiar manner, both onthe 
surface of the planet itself, on its moons, and to- 


ward other planets. Such an apparatus is not. 


only consistent with the supposition thrown out 
above, but tends to corroborate it} and however 
strange we may consider the idea of brilliant 
belts surrounding a planet, yet as variety is stamp- 
ed on all the works of the Creator, and as no 
world is precisely like another, the dissimilarity 
of such an appendage. to§jwhat we know of: our 
own or of other globes ought to be no argument 
against its existence. If we wish to know more 
of the phenomena of this planet than what we 
have hitherto ascertained, we must endeavor to 
improve our telescopes, and to increase, indefi- 
nitely, the number of observers. Were an im+ 
mense number of intelligent observers distri- 
buted over different parts of the earth, and 
provided with the best telescopes; were they to 
mark with cate and minuteness the phenomena 
to which we have adverted; were they to deline- 
ate, in a series of drawings, the various aspects 
of this planet during two or three periodical revo- 
lutions, marking the periods of the different 
changes, and the positions of the planet with re- 
spect to the earth and the sun, and noting at the 
same time the positions of the satellites when any 
change in the belts took place, we might possibly 
ascertain something more of the nature of the 
belts, whether dark or bright, of the periods of 
their changes,and whether these changes be in- 
fluenced by the attractive power of the satellites. 
For if any appendage is connected with Jupiter 
composed of a substance of small density, it is 
reasonable to believe that its positions and move- 
ments would beaffected at certain. times by the 
positions of the satellites, especially when they 
all happened to be situated on the same side of 
Jupiter. 

Seasons, Proportion of Light, &c., in Jupiter — 
The axis of this planet being nearly perpendicu- 
lar to the plane of its motion, there can be no 
variety of seasons similar to what we experience. 
The inclination. of its axis, however, is stated’ by 
some astronomers, to be 86 degrees, 5414 minutes; 
or.3 degrees, 514 minutes from the perpendicular. 
This inclination will cause a slight variety of sea- 
sons at different periods of the planet's annual 
revolution, but not ‘nearly to the same extent as 
in Mars or the earth. If the axis of Jupiter were 
as much inclined to his ecliptic as the axis of the 
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for nearly six years without intermission, just as 
the places around our north and south poles are 
deprived of the light of the sun for one-half of 
the year: There will be nearly equal day and 
night in every paaeehe surface of this planet; 
but to the places near the equator the sun will 
appear to rise to a high elevation above the hori- 
zon, and to move through the heavens with great 
rapidity, while near the polar regions he will ap- 
pear to move comparatively slow, and to describe 
only a small semicircle above the horizon. We 
are not to imagine,»however, that “ everlasting 
winter’? prevails around the poles.of this planet, 
as some have asserted, because the sun never rises 
high above those regions, and the solar rays fall 
obliquely upon them; for there may be arrange- 
ments and compensations, of which we are igno- 
rant, to’ produce nearly as great a degree of light 
and heat in the polar as in the equatorial regions; 
and perhaps the bright belts to which we have 
adverted may be so arranged as to contribute to 
this effect. . Nor are we to imagine that there is 
no variety of scenery in. Jupiter because there are 
no seasons similar to ours. For every degree of 
latitude from the equator to the poles will pro- 
duce a diversity of aspect; and the variation of 
the belts,: whatever may be their arrangement, 
and of what. substances soever they may consist, 
will produce a diversity of scenery in the firma- 
ment of Jupiter far greater, and, perhaps, far 
more magnificent and transporting than anything 
we contemplate in our terrestrial globe. : 

_ The intensity of the solar light on the surface of 


‘Jupiter is twenty-seven times less than on the 


earth. The mean apparent diameter of the sun, 
as seen from the earth, is thirty-two minutes, 
three seconds; but the solar diameter, as seen 
from Jupiter, is only six minutes, nine seconds, 
which is less than one-fifth as great asthe sun 
appears to us. The square. of 6' 9”, or 369”, is 
136,161; and the square of 32’ 3” is 369,729, 
which, divided by 136,161, produces a quotient of 
27 1-6, which shows that the surface of the sun, 
as seen from Jupiter, is more than twenty-seven 
times less than he appears to us; and as the in- 
tensity of light decreases in proportion to the 
square of the distance, there will be twenty-seven 
times less light on this planet than on the earth. 
But if the intensity of the light be increased by re- 
flection from any substances connected with this 
planet, or if the inhabitants have the pupils of 
their eyes much larger than ours, all the objects 
around them may appear with even greater splen- 
dor than on the earth... The-following figures will 
show to the eye the proportional size of the sun 
as seen from Jupiter and from the earth. The 


small circle shows the comparative bulk of the 
solar orb as seen from Jupiter, and the larger cir- 
cle its bulk-as viewed from the earth, 
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Nothing particular: has been ascertained re- 
specting an atmosphere surrounding this planet.— 


earth, his polar regions would remain in darkness; Though it is probable that it has an appendage 
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answering the purpose of an atmosphere, yet it 
may be very different in its nature and properties 
from that which suerounds the earth. And if the 
planet be surrounded wit right belts, as we 
have supposed, or if the parts of its sur- 
face are to be considered as something analogous 
to clouds suspended in a body of air, it is evident 
that the denser parts of its atmosphe ver can 
be perceived by us, and that no dim 
scurity is to be expected when a fixed star ap- 
proaches its disc. Hence M. Schroeter, when he 
had avery clear and distinct view of the spots 
and belts when Jupiter suffered an occultation by 
the moon on the 7th of April, 1792, could per- 
ceive nothing throughout the whole observation 
indicative of a refractive medium near the margin 
of the planet. 

Jupiter is remarkable on account of his sphe- 
roidal figure. This figure is obvious to the eye 
when viewing the planet with a high magnifying 
power. Nor is this an optical illusion; for both 
diameters have been accurately measured by the 
micrometer; and the equatorial diameter is found 
to be in proportion to the polar nearly as fourteen 
to thirteen, so that the equatorial is more than 
6300 miles longer than the polar diameter. This 
oblate figure is ascribed to the swiftness of Jupi- 
ter’s rotation, which produces a centrifugal force, 
which has a tendency to make the equatorial parts 
more protuberant than the polar. From caleula- 
tions formed on the principles of physical astro- 
nomy, it is found that the proportion above stated 
is really the degree ‘of oblateness which corres- 
ponds, on those principles, to the dimensions of 
this planet and the time of its rotation; so that 
theory perfectly harmonizes with observation. 

The density of this planet compared with that 
of water ‘is as 1 1-24 to 1; that is, it is a small 
fractional. part denser than water. Its mass, 
compared with that of the sun is as 1 to 1067; 
compared with that of the earth, as 312 to 1; that 
is, Jupiter could weigh 312 globes of the same 
size and density as the earth. ‘The eccentricity of 
its orbit is 23,810,000 miles; and the inclination 
of the orbit to the ecliptic is about one. degree, 
nineteen minutes. Its mean apparent diameter is 
thirty-eight seconds, and its greatest diameter, 
when in opposition to the sun, forty-seven anda 
half seconds. Its mean are of retrogradation is 
nine degrees, fifty-four minutes, and its mean 
duration about 121 days. This retrogradation, or 
moving contrary to the order of the signs, com- 
mences or finishes when the planet is not more 
than 115 degrées from the sun. The following 


figure exhibits a view of Jupiter and his satellites 
as seen through a good telescope. 


Fig. 56. 





VII. ON THE PLANET SATURN. 


The planet Saturn may be considered in almost 
every respect as the most magnificent and in- 
teresting body within the limits of the planetary 
system. Viewed in connection with its satellites 
and rings, it comprehends a greater quantity of 
surface than even the globe of J upiter; and its 
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majestic rings constitute the most singular and 
astonishing phenomena that have yet been dis- 
covered within the limits of our system. 

Its distance from the sun is 906 millions of 
miles, which is.nearly twice. the distance of Jupi- 
ter; and the circumference of its orbit is 5,695,- 
000,000 of miles; to move round which a cannon 
ball would require more than 1300 years, al- 
though it were moving 500 miles every hour. 
But a steam-carriage, moving at the rate of twenty 
miles an hour, would require above 32,500 years 
to complete the same round. When. nearest, the 
earth, Saturn is 811, millions of miles distant, an 
interval which could not be traversed by a car- 
riage, at the rate now stated, in less than 4629 
years; and even a cannon ball, moving with the 
velocity above mentioned, would require 184 
years. So that, although man were divested of 
the gravitating power, and capable of supporting 
himself amid the ethereal regions, and though he 
were invested with a emer of rapid motion 
superior to any movement We perceive on earth, 
before he could reach the middle orbit of the 
planetary system, or one-fourth of its diameter, 
it would require a space of time far more than is 
yet allotted to mortal existence, and, therefore, 
all hope of personally exploring the celestial 
regions is completely annihilated, so long as we 
are invested with our present corporeal vehicles, 
and are connected with this terrestrial abode. 

This planet revolves round the sun in the space 
of about 291g years, or in 10,758 days, 23 hours, 
16 minutes, 34 seconds, which is-its sidereal revo- 
lution, or the time it»takes in moving from a 
certain fixed star to the same star again. Through 
the whole of its circuit it moves. at the rate of 
22,000 miles every hour. The period of its rota- 
tion was for a long time unknown. About a 
century ago, it was conjectured by some astrono- 
mers that it was accomplished in about ten .or 
eleven hours. , It was not, however, until Sir W. 
Herschel applied his powerful telescopes to Saturn 
that its rotation was accurately determined. By 
certain dark spots which he perceived on its disc, 
and by their change of position, he ascertained 
that the diurnal rotation is performed in ten hours, 
sixteen minutes, and nineteen seconds.* It is re- 
matkable that La Place, from physical considera- 
tions, had calculated the rotation of Saturn to be 
nearly the same as above stated, before Herschel 
had determined it by direct observation. |The 
rotation is performed on an axis perpendicular 
to the plane of the ring. The circumference of 
Saturn being 248,000 miles, the parts about the 
equator will move at the rate of 24,000 miles an 


fhour. Its year will consist of 25,150 days, or 


periods of its diurnal rotation. 

Proportion of Light on Saturn.—This, planet 
being about 91¢ times farther from the Sun than 
the earth, it will receive only the one-ninetieth of 
the light which we receive; for the square of 916 
is equal to 9014. This: quantity of light, how- 
ever, is equal to the light which would be re- 
flected from a thousand full moons such as ours; 
and there can be little doubt that the beings that 
preside in this planet have their organs of vision so 
constructed as to be. perfectly adapted to the quan- 
tity of light they receive; and, by such an adap- 
tation, all the objects around them may appear as 
splendidly enlightened, and their colors as vivid 
as they do on the globe on which we live. The 
apparent.diameter of the sun, as seen from Saturn, 
his three minutes, twenty-two seconds; but his 





* Sir John Herschel states the period of ‘rotation to be ten 
hours, twenty-nine minutes, seventeen seconds, 


DENSITY OF SATURN. 


mean apparent diameter, as seen from the earth, 
is equal to thirty-two minutes, three seconds. 
This proportion of size in which the sun appears 
from the earth and from Saturn is represented in 
the following figure, in which the small circle 
_ fepresents the size of the sun as seen from Saturn. 


Fig. 57. 





Discoveries by the Telescope on the Body of Sa- 
turn.—The great distance of this planet from the 


earth prevents us from observing its surface so, 


minutely as that of Jupiter. Certain dusky spots, 
however, have of late years been occasionally 
seen on its surface, when very powerful telescopes 
were applied, and by the motion of these its diur- 
nal. rotation was determined.- Belts somewhat 
similar to those of Jupiter have likewise been 
seen. Huygens, more than 150 years ago, states 
that he had ‘perceived five belts on Saturn which 
were nearly parallel to the equator. 
schel, in his numerous observations, also observed 
several belts, which in general, were parallel with 
the ring. On the 11th of November, 1798, im- 
acdiately south of the shadow of the ring upon 
Saturn, he perceived a bright, uniform, and broad 
belt, and close to it a broad or darker belt, divided 
by two narrow white streaks, so that he saw five 
beits, three of which were dark and two bright. 
The dark belt had a yellow tinge. These belts 
cover a larger zone of the disc of the planet than 
the belts of Jupiter occupy upon his surface. 
With a magnifying power of 200 times I have 
sometimes seen one darkish belt on the body of 
Saturn; but it was much fainter than those of 
Jupiter. It does not appear that these belts vary 
or shift their positions, as the belts of Jupiter are 
found to do; the dark ones are much fainter than 
those of Jupiter, and, therefore, it is most proba- 
ble that they are permanent portions of the globe 
of Saturn, which indicate a diversity of surface 
and configuration either of land or water, or of 
some other substances with which we are unac- 
quainted. When this planet is viewed with a good 
telescope, it appears, like Jupiter, to be of a sphe- 
roidal figure, or somewhat approaching to it. 
The proportion of its polar to its equatorial 
diameter is as 32 to 35, or nearly as.11 to 12; so 
that the polar diameter is more than 6,700 miles 
shorter than the equatorial, which is a greater 
difference than that of the two diameters of Ju- 
piter. Saturn was generally considered, until 
lately, as a regular spheroid; but on the 12th of 
April, 1805, Sir W. Herschel was struck with a 
very singular appearance when viewing the planet. 
“The flattening of the poles did not seem to 
begin until near a very high latitude, so that the 
real figure of the planet resembled a square, or 
rather a parallelogram, with the four corners 
rounded off deeply, but not so much as to bring 
it to a spheroid.” It is probable that the action 
of the ring or its attractive power is the cause of 


Sir W. Her- | 
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the great protuberance which is found about the 
equatorial regions of Saturn. 

Magnitude and ent of Surface on Saturn — 
This planet is about 79,000 miles in diameter, and 
nearly a thousand imes larger than the earth. 
Its surface contains more than 19,600,000,000 of 
square miles, and, consequently, at the rate of 
280 inhi to a square mile, it would contain 
a population of 5,488,000,000,000, or about five 
billions and a half, which is six thousand eight 
hundred and sixty times the present number of 
inhabitants on. our globe; so that this globe, 
which appears only like'a dim speck on our noc- 
turnal sky, may be considered as equal to six 
thousand worlds like ours; and since such a noble 
apparatus of rings and moons is provided for the 
accommodation and contemplation of intelligent 
beings, we cannot doubt that it is replenished with 
ten thousand times ten thousands of sensitive and 
rational inhabitants; and that the scenes and 
transactions connected with that distant world 
may far surpass in grandeur whatever has occurred 
on the theater of our globe. 

Density of Saturn—The density of. Saturn, 
compared with that of the earth, is nearly as one-to 
nine; compared with that of water, it is less than 
one-half; so that the mean density of this planet 
cannot be much more than the density of cork; 
and, consequently, the globe of Saturn, were it 
placed in an immense ocean, would swim on the 
surface as a piece of cork or light wood swims in 
a basin of water. ‘There is none of the planets, 
so far as we know, whose density is so small as 
that of Saturn, or less than the density of water. 
Weare not to imagine, however, that the mate- 
rials which compose the surface of Saturn are as 
light as cork, or similar-substances; for anything we 
know tothe contrary, they may be as dense as the 
rocks and mold which compose the crust of our 
globe. We have only to suppose that the globe of 
Saturn is hollow, or merely filled with some elastic 
fluid, and that the solid ‘parts of its exterior crust 
form ashell of a hundred or two hundred miles in 
thickness. Itis true, indeed, that the density of 
our globe increases from its surface downward, 
perhaps even to the center. But we have no rea- 
son to suppose that this is the case with all the 
other planets; on the contrary, it is most probable 
that it is exactly the reverse in the case of Saturn; 
for if the materials which compose that planet 
were to increase in density toward the center, the 
substances on its surface would have little more 
density or solidity than, that of a cloud suspended 
in the atmosphere. And we know that, in all the 
works of the Creator, variety is one grand charac- 
teristic of his plans, even where the same general 
objects are intended to be accomplished, and the 
same general laws are in operation. 

From want of correct views on this subject, 
several foolish and erroneous notions have been 
entertained and circulated. In a late number of 
a popular and extensively circulated journal, 
when treating of “Planetary Arrangements,” it 
is stated, that “while on Mercury a native of 
earth would scarcely be able to drag one foot after 
another for the strong power pulling him to 
the ground, he could, on the planet Saturn, leap 
sixty feet high as easily as he could here leap a 
yard.” Now, both these positions are quite er- 
roneous; for although the density of Mercury is 
about double the density of. the earth, and nearly 
that of lead, yet the bulk of the two planets is 
very different, the diameter of the earth being 
nearly 8000 miles, while that of Mercury is only 
$200, and the force with which a body placed on 
their surfaces gravitates to them is in proportion 
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to their masses divided by the squares of their dia- 
meters. If Mercury were as large as the earth, 
an inhabitant of our globe placed on the surface 
of that planet would feel himself “pulled to the 
ground” as if he were placed on a similar ball 
of lead, and his weight, of course, would be in- 
creased; but, as matters now stand, the gravita- 
tion on Mercury is only a small ration greater 
than on the surface of the earth; so that, in this 
respect, “a native of. the earth,” and particularly 
an inhabitant of Greenland, might walk .with 
nearly as much ease on the planet Mercury as 
under our equator. The same considerations 
show the absurdity of what is stated in relation to 
Saturn; for that planet is ten times the diameter 
of the earth; -and though its density is nearly as 
small as that of cork, yet its immense bull: ren- 
ders the force of gravity at its surface somewhat 
greater than even on the earth, and almost as 
great as on the surface of Mereury. A_ body 
which weighs one pound on the surface of the 
earth would weigh one pound and four drachms if 
removed to the surface of Saturn; so that a per- 
son, ‘instead of being able to “leap sixty feet 
high” from the surface of this planet, would be 
unable to leap quite so high as he can do on the 
earth. In short, there is not a planet in the solar 
system, with the, exception of Jupiter, on which 
an inhabitant of the earth might, not move about 
as easily, in respect to gravitating power, as he 
does on the terraqueous globe; and even on Jupi- 
ter, he would experience little more than double 
the weight he now feels. On some of the other 
planets, such as Mars and Juno, he would feel 
somewhat lighter than he now does, but not nearly 
so much as would enable him to leap to sucha 
hight as above stated. On the same principle, 

which is taken for, granted in the ubove quotation, 
we might suppose that a person would feel much 
lighter were he placed on the surface of the sun, 
because the density of that luminary is little more 
than the density of water; whereas, in conse- 
‘quence of his immense size. the, gravitating pow- 
er would be twenty-seven times greater than at the 
surface of our globe. For, according to the cal- 
culations of La Place, a body which, at the earth’s 
equator, weighs one pound, if transported to the 
surface of the sun, would weigh about twenty- 
seven and a half pounds; from which it follows, 
that there a heavy body would descend about 
four hundred and twenty-five feet in the first se- 
cond of time; consequently, were a man who 
weighs two hundred pounds to be placed on'the 
sun, he would be pressed down to its surface with 
a force equal to five thousand five hundred pounds, 
or nearly two tons and a half, which would fix 
him to the surface without power of motion. So 
that whatever beings may inhabit that globe, it is 
not fitted for the residence of man in his present 
state of organization. 

The eccentricity of Saturn’s orbit is 49,000,000 
of miles, which is about the 1-37th part of the 
diameter of the orbit. Its inclination to the 
ecliptic is 2° 2914’. Its apparent diameter, as 
seen from the earth, is seventeen minutes, six 
seconds; and its mean daily motion, two minutes 
of a degree. ’ 


VIII. ON THE RINGS OF SATURN. 


Beside the appearance above described, this 
planet is encircled with a double ring, one of the 
most astonishing phenomena which have yet 
been discovered in the heavens, and which, there- 


hee requires a separate and particular doserip- 
‘tion. 
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The first individual who perceived a glimpse of 
Saturn’s ring was Galileo, soon after the inven- 
tion of the telescope. He thought he saw that 
planet appear like two smaller globes on each 


‘side of a larger globe; or, as he expressed it, that 


“Saturn was in the shape of an olive.’ In the 


|year 1610, he published his discovery in a Latin 


sentence, the meaning of which was, that he had 
seen Saturn, appear with three bodies... After view- 
ing Saturnin this form for two years, he was sur- 


prised to'see him become quite round without his 


adjoining globes, and to remain in this state for 
some time, and, after a considerable peri d, to 
appear-again in his triple form as before. _ This 
deception was owing to the want of magnifying 
powerin the’ telescope used by Galileo; for the 
first telescope constructed by this astronomer 
magnified the diameters of objects only. three 
times;. his second improved telescope magnified 
only eight times; and the best telescope which, at 
that time, he found himself capable of construct- 
ing, rhagnified little more than thirty times; and 
with this ‘telescope he made most of his discove- 
ries. _But a telescope of this power is not suffi- 
cient to show the opening or, dark space between. 
the ring and Saturn on each side of the planet; 
and at the time’'when it appeared divested of its 
two appendages, the thin and dark edge of the 
ring must have been in a line between his eye 
and the body of Saturn, which phenomenon hap- 
pens once every fifteen years. About forty years 
after this period, the celebrated Huygens greatly 
improved the art of grinding object glasses; and 
with a telescope of his own construction, twelve 
feet long, and afterward with another of twenty- 
three feet, which magnified objects one hundred 
times, he discovered the true shape of Saturn’s 
ring, and in 1659 he published his “ Systema Sa- 







/turnium,’? in which he describes and delineates 


all its appearances. 

It was suspected by astronomers more than a 
century ago, that the ring of Saturn was double, 
or divided into two. concentric rings. Cassini 
supposed it probable that this was the case. Mr, 
Pound, in the account of his observations on Sa- 
turn in 1723, by means of Hadley’s new reflect- 
ing telescope, states that with this instrument 
he could plainly perceive “the black list in Sa- 
turn’s ring,” and gives an engraving of the pla- 
net and ring with this dark stripe distinctly 
marked, as in the modern views of Saturn.* Mr. 
Hadley likewise: states+ that, in the year 1722, 
with the same telescope, he observed the dark 
line on the ring of Saturn parallel to its cireum- 
ference, which was chiefly visible on the anse, 
or extremities of the elliptic figure in which the 
ring appears, but that he was several times able 
to trace it quite round; particularly in May, 1722, 
he could discern it without the northern limb of 
Saturn, in that part of the ring that appeared be- 
yond the globe of the planet, and could perceive 
that the globe of Saturn reflects less light than 
the inner part of the ring. It was not, however, 
until Sir W. Herschel began to make observations 
on this planet with his powerful telescopes, that 
Saturn was recognized as being invested with 
two concentric rings. The following cut (Fig. 
58) exhibits a view of Saturn and his rings, nearly 
in their respective proportions, as they would ap- 
pear were they placed perpendicular to our lino 
of sight; but, on account of the oblique angle 





*See “Philosophical Transactions,” No. 378, for Jul 
17935 and Reid and Gray’ Abridgment, Vol. vi, p. 153.” 
ilosophical Transactions,” No. 378; id 
Vol ¥i, Sk n ’ 3 or Abridgment, 
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they generally form to our line of vision, we 
never see them through the telescope in this po- 
sition. E 


Fig. 58. 





The following are the dimensions of the rings, 
as determined by the observations of Sir W. Her- 
schel, which are here expressed in the: nearest 
round numbers. Outside diameter of the exterior 
ring. a d, 204,800 miles, which is nearly twenty- 
six timps the diameter of the earth. ‘Inside dia- 
meter of this ring, 190,200 miles; breadth of the 
dark space between the two rings, 2839 miles, 
which is 700 miles more than the diameter of our 
moon, so that a body as large as the moon would 
have room to move between the rings. Outside 
diameter of the interior ring, b, 184,400, and the 
inside diameter, 146,300 miles. Breadth of the 
exterior ring, 7200 miles; breadth of the interior, 
20,000 miles, or 21¢ times the diameter of the 
earth; so that the interior ring is nearly three 
times broader than the exterior. The thickness 
of the rings has not yet been accurately deter- 
mined. Sir John Herschel supposes that it does 
not exceed a hundred miles. “So very thin is 
the ring,” says Sir John, “that it is quite invisi- 
ble, when its edge is directly turned to the earth, 
to any but telescopes of extraordinary power.” 
On the 19th of April, 1833, “the disappearance 
of the rings was complete when observed with a 
reflector eighteen inches in aperture and twenty 
feet in focal length.* The breadth of the two 
rings, iticluding the dark space between them, is 
very nearly equal to the dark space which inter- 
venes between the globe of Saturn and the inside 
of the interior ring. It appears to have been 
lately ascertained that this double ring is not ex- 
actly circular, but eccentric. This seems to have 
been first observed by M. Schwalz, of Dessau, in 
1828. He informed M. Harding of it, who thought 
he saw the same thing; M. Harding informed 
Professor Schumacher, who applied to M. Strive 
to settle the question by means of the superb mi- 
crometer attached to his great telescope. M. 
Struve measured the distance between the ring 
and the body of the planet on five different days, 
and ascertained that Saturn’s ring is really eccen- 
tric, and, consequently, that the center of the 
planet does not coincide with the center of the 
ring; but that the center of gravity of the rings 
oscillates round that of the body of Saturn, de- 
scribing a very minute orbit. This is considered 
as of the utmost importance to the stability of the 
system of the rings, in preventing them from 





* Sir John Herschel states the’ dimensions of these rings 
on a somewhat lower scale than what his father determined. 
He says that they were calculated from Professor Struve’s 
micrometrieal measures; but admits that some of the di- 
mensions he states are perhaps too small. 





| the ring had a rotation round the planet. 
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being shifted from their equilibrium by any ex- 
ternal force, such as the attraction of the satel- 
lites, which might endanger their falling upon 
the planet. That this double ring really consists 
of two concentric rings, was demonstrated, says 
Professor Robison, “by a star having been seen 
through the interval between them.” 

This double ring is now found to have a swift 
rotation round Saturn in its own plane, which it 
accomplishes in about ten hours and ahalf. This 
is very nearly the periodic time which-a satellite 


would take in revolving at the same distance from 


the center of Saturn. This rotation was detected 
by observing that some portions of the ring were 
a little less bright than others. Sir W. Herschel, 
when exaiiining the plane of the ring with a 
powerful telescope, perceived near the extremity 
of its arms or ans@ several lucid or protuberant 
points, which seemed to adhere to the ring. At 
first he imagined them to be satellites, but after- 
ward found, upon careful examination, that none 
of the satellites could exhibit such an appearance, 
and therefore concluded that these points adhered 
to the ring, and that the variation in their position 
arose from a rotation of the ring round its axis in 
the period above stated. The circumference of 
the exterior ring being 643,650 miles, every point 
of its outer surface moves with a velocity of more 
than a thousand miles every minute, or seventeen 
miles during one beat of the clock. It is highly 
probable that this rapid rotation of the ring is one 
of the principal causes, under the arrangements 
of the Creator, of sustaining the ring, and pre- 
venting it from collapsing and falling down upon 
the planet. This double ring is evidently a 
solid compact substance, and not a mere cloud 
or shining fluid; for it casts a deep shadow 
upon different regions of the planet, which is 
plainly perceived by good telescopes. Beside, 
were if not a solid arch, its centrifugal force, 
caused by its rapid rotation, would soon dissipate 
all its parts, and scatter them in the surroundin 
spaces. It is. not yet ascertained whether both 
the rings have the same period of rotation. This 
magnificent appendage to the globe of Saturn is 
about 30,000 miles distant from the surface of 
the planet, so that four globes nearly as large as 
the earth could be interposed between them; it 
keeps always the same position with respect to 
the planet; is incessantly moving around it; and 
is carried along with the planet in its revolution 
round the sun. 

The surface of the double ring does not seem 
to be exactly plane. One of the ansee* sometimes 
disappears and presents its dark edge, while the 
other ansa continues to appear, and exhibits a part 
of its plane surface. On the 9th of October, 
1714, the ansee appeared twice as short as usual, 
and the eastern one much longer than the western. 
On the first of the same month, the largest ansa 
was on the east side; on the 12th, the largest ansa 
was on the west side of Saturn’s disc;+ which led 
the observers, even at that period, to conclude that 
On the 
11th of January, 1774, M. Messier observed both 
the anse completely detached from the planet, 





* The parts of the ring about the ends of the longest axis, 
reaching beyond the disc of the planet, are called the anse. 
Ansa signifies a handle, which name was given when tele- 
scopes were so imperfect as to represent Saturn as a globe 
with two small knobs on each side. The same name is stiti 
continued, though it is somewhat improper, now that the 
true shape of this appendage is known, Still the general 
appearance of Saturn is somewhat like a globe, with an 
ansa or handle on each side, 

+ Memoirs of the Royal Academy of Sciences for 1715. 


day, it would require more than seventy years 
belare immense — 
- of the “of the centers ef the 


he could finish his tour reund this i 
celestial arch. The interior. boundary 
inner ring incloses a space which would be sufii- 
cient to contain within it three hundred and forty 
globes as large as the earth; and the outer ring could 
inclose within its inner circumference five hun- 
dred and seventy-five globes of the sime i 


tude, supposing every portion of the inclosed area 
to be filled. "This outer ring would likewise in- 


adju 
“ 
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slaeek ia im, Seedl te abies 
between conservative 


ae both extremel: avrieery . 
wers, Yy se ant i 
ee ene another as ta prevent the latter 
ever acquiring an uncon aseendency and 
|rushing to a catastrophe.’ “The smallest difs 
| ference of velocity between the body and rings 





close a globe containing 2.829,590,622,Q448,315 or | must infallibly precipitate the latter on the former, 


more than two thousand eight hundred billions of | 
cubical miles, which globe would be equal to/ 
‘more than ten thousand eight Aundred olebes of the | 
size of the earth. In regard to the queniity 
surface contained in these rings, the oue Side of 
the outer ring contains an area of 4,529,401 S00, 


or more than four thousand five hundred millions | 


of square a one side af the —_ : 
contains 9,895,780,S18, or nearly ten thousa 
rnillions of square miles. The two rings, there- 
contain on one side above fourteen thousand 
t hundred millions of square miles; and as the 
other sides of the rings contain the same extent 
of surface, the whole area comprehended in these 
rings will amount te28,850.365, 236, or more than 
twenty-eight thousand eight hundred millions of 
square miles. This quantity of surface is equal 
to 146 times the number of square miles in the 
terraqueous globe, and is more than 588 times the 
area of all the habitable portions of the earth. 
Were we to suppose these rings inhabited (which 
is not at all improbable) they could accommodate 
a lation, according to the rate formerly stated, 
8,078,102.266,080, or more than eight billions, 
which is equal to more than fen thousand times the 
present population of our globe; so that these 
Tings, in to the space they contain, may 
be considered, in one point of view, as equal to 
ten thousand worlds. 

Were we to take into consideration the thickness 
of the rings, we should find a very considerable 
addition to the area above stated. Supposing, 
according to Sir J. Herschel’s estimate, that they 
are only one hundred miles thick, the area of the 
exterior circumference of the edge of the outer 
ring will be 64,365,700 miles; and that of the 
interior edge, 59,777,100. The exterior edge of 
the inner ring will contain an area of 57,954,200 
square miles, and the interior edge 45,980,000; in 
all 228,077,000 square miles, which is thirty-one 
millions of square miles more than the whole area 


of our globe. 
These rings, therefore, exhibit a striking idea 


of | ternal power with. the minatest 


never more to separate ; consequently, eithér their 
motions in their commen erbit around the sun 
must have been adjusted te each other by an ex- 
recisien, or the 
jrings must have been formed Bat the planet 
while subject te their common orbitual 
and under the full free influence of all the acti 
}ferees** Here, then, we have an evident ; 
| of the consummate wisdom of the almighty Con- 
| triver in so nicely adjusting everything In re- 
spect to number, weight, position and motion, as 
| to preserve in undeviating stability and perma- 
pasos hat — system of Saturn; and we 
| have e evidence that everything cenducive 
| to this end has been pres 3k eae the fact 
| no sensible deviation has been observed in 
| this system for more than 220 years, or since the 
| Hg was discovered; nor, in all probability, has 
| there ever been any change or catastrophe in this 
|Tespect since the planet was first created and 
| launched into the depths of space. 
| Appearance of the Rings from the body of Sa- 
| twrn—These rings will appear in the firmament 
of Saturn like large lumigous arches or semicir- 
)cles ef light, stretching across the heavens from 
| the eastern to ihe western horizon, oceupyi 
| one-fourth or one-fifth part of the visible 
| As they appear more brilliant than 
_the planet, it is probable that they are ec 
of substances fitted for reflecting the solar light 
with peculiar splendor, and therefore. will present 
+a most magnificent and brillisnt 






aspect in the 
firmament of Saturn. Their appearance will be 


different in different regions of the planet. Ata 
little distance from the equator they will be seen 
nearly as complete semicireles, Stretching along 
the whole celestial hemisphere, and appearing in 
their greatest splendor. In the day-time they 
| Will present adim appearance, like a cloud or like 
| our moen when the sun is above the horizon — 
; After sunset their brightness will increase, as our 
pares Mereases in brilliancy as the sun disap- 

pears, and the shadow of the globe of Saturn will 
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be seen on their eastern boundary directly oppo- 
site to the sun. This shadow will appear to move 
gradually along the rings until midnight, when it 
will be seen near the zenith, or the highest point 
of these celestial arches. After midnight it will 
appear to decline to the western horizon, where it 
will be seen near the time of the rising of the 
sun. After sunrise the brightness decays, and it 
appears like a cloudy arch throughout the day. 
The following circumstances will add to the in- 
terest of this astonishing spectacle: 1. The rapid 
motion of the rings, which will appear to move 
from the eastern horizon to the zenith in two 
hours and a half. 2. The diversity of surface 
which the rings will exhibit; for if we can trace 
inequalities upon these rings by the telescope at 
the distance of more than 800,000,000 of miles, 
much more must the inhabitants of Saturn per- 
ceive all the variety with which they are adorned 
when they are placed so near them as the one- 
eighth part of the distance of our moon. Every 
two or three minutes, therefore, a new portion of 
the scenery of the rings will make its appearance 
in the horizon with all their diversified objects; 
and if these rings be inhabited, the various scenes 
and operations connected with their population 
might be distinguished from the surface of Saturn 
with such eyes as ours, aided by our most power- 
ful telescopes. 3. The motion of the shadow of 
the globe of Saturn in a direction contrary to the 
motion of the rings, which shadow will occupy a 
space of many thousand miles upon the rings, 
will form another variety of scenery in the firma- 
ment. 4. If the two rings revolve around the 
planet in different periods of time, the appear- 
ance in the celestial vault will be still more diver- 
sified; then ‘one scene will be seen rising on the 
upper, and another and a different scene rising on 
the lower ring; and, through the opening between 
the rings, the stars, the planets, and one or two 
of the satellites may sometimes appear. 

Near the polar regions of the planet only a 
comparatively small portion of the rings will ap- 
pear above the horizon, dividing the celestial hemi- 
sphere into two unequal parts, and presenting the 
same general appearance now described, but upon 
a smaller scale. Toward the polar points the 
rings will, in all probability, be quite invisible. Du- 


ring the space of fourteen years and nine months, | 


which is half the year of this planet, the sun 
shines on the one side of these rings without in- 
termission, and during the same period he shines 
on the other side. During nearly fifteen years, 
therefore, the inhabitants on one side of the equa- 
tor will be enlightened by the sun in the day-time 
and the rings by night, while those on the other 
hemisphere, who live under the dark side of the 
ring, suffer a solar eclipse of fifteen years’ con- 
tinuance, during which they never see the sun.— 
At the time when the sun ceases to shiné on one 
side of the ring, and is about to shine on the 


other, the rings will be invisible for a few days or | 


weeks to all the inhabitants of Saturn. 

At first view we might be apt to suppose that 
it must be a gloomy situation for those who live 
under the shadow of the rings during so long a 

eriod as fifteen years; but we are not acquainted 
with all the circumstances of their situation, or the 
numerous beneficent contrivances which may 
tend to cheer them during this period, and, there- 
fore, are not warranted to conclude that such a 
situation is physically uncomfortable. We know 
that they enjoy the light of their moons without 
almost any interruption; sometimes two, some- 
times four, and sometimes all their seven moons 
are shining in their hemisphere in one bright as- 
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semblage. Besi eee this period is the prin- 
cipal opportunity they enjoy of contemplating the 
starry firmament, and surveying the more distant 
regions of the universe, in which they may enjoy 
a pleasure equal, if not superior, to what is felt 
amid the splendor of the solar rays; and it is not 
improbable that multitudes may resort to these 
darkey regions for the purpose of making celestial 
observations; for the bright shining of the rings 
during the continuance of night will, in all pro- 
bability, prevent the numerous objects in the 
starry heavens from being distinguished. The 
very circumstances, then, which might, at first 
view, convey to our minds images of gloom and 
horror, may be parts of a system in which are 
displayed the most striking evidences of benefi- 
cent contrivance and design. It must be a strik- 
ing scene when the sun is of a sudden altogether 
intercepted, without any apparent cause, not to 
return for fifteen years; and, on the other hand, 
when, at the end of this period, his light again 
bursts all at once upon the astonished beholders, 
closing up, as it were, the prospects of the firma- 
ment, and diffusing his splendor on every sur- 
rounding object; and both events may be attend- 
éd with sentiments of admiration and emotions 
of delight. At certain times of the year of Sa- 
turn, and in certain latitudes from’ his equator, the 
sun ‘will be eclipsed for a'short time, every day at 
noon, by the upper part of the exterior ring, ac- 
cording as he declines more or less to the opposite 
side; and sometimes he will be partially eclipsed 
by the under side of the exterior ring and the 
upper side of the interior, and sometimes will be 
seen moving along the interval which separates 
these rings. ‘ 

The following figures are intended to convey a. 
rude idea of the objects connected with the firma- 
ment of Saturn. 









































Fig. 60. 


Fig. 59, represents the appearance of the rings 
at a little distance from the planet’s equator, 
where they will appear nearly as complete semi- 
circles. A B represents a portion of the globe 
of Saturn; C D the shadow of Saturn, as it 
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appears upon the rings at mi : 
will appear to move gradually to* th st until 
sunrise, when it will disappear below the horizon. 
The sun, partly eclipsed by the upper and lower 
edge of the rings in the day-time, is represented at 
e,f,g, and h. The other objects are some of the 
satellites in different phases, and the fixed stars, 
of which few will probably be seen, some of them 
within and some of them beyond the rings.— 
Fig. 60, represents the rings as they will appear 
from places near the polar regions of the planet, 
from which situations they will appear as only 
small segments of. circles near the horizon. . The 
nearer the pole, the smaller the circles will appear. 
From the above description, it appears that 
there is a great variety in the scenery. presented 
in the firmament of Saturn; and this scenery is 
different as viewed from different regions of the 
planet. From the regions near the. equator the 
rings will appear to the greatest advantage and in 
all their splendor. irom these positions the vari- 
ous objects connected with the rings will be most 
distinctly observed, as the spectators will, be at 
the nearest distance from the inner ring, which is 
about thirty thousand miles. At the latitude of 
45° they will be twenty thousand miles farther 
from them; they will appear at a much lower ele- 
vation above the horizon, a smaller portion of 
their curve will be seen, and their breadth will oc- 
cupy aless space in the heavens. At a higher 
latitude a still smaller portion will be seen, until 
they dwindle to a small curve or speck of light in 
the horizon; and at the poles they will be quite 
invisible by the interposition of equatorial parts 
of the planet. Immediately under the equator the 
light of the rings will be scarcely visible, but the 
sun will occasionally illuminate the under edge of 
the interior ying, at f, e, D, and other places; 
which, at night, will appear like a narrow lumi- 
nous arch stretching directly across the zenith 
from the eastern, to the western: horizon, and 
diversified with the motion .of the shadow of Sa- 
turn. Beside the different appearances of the 
starry regions, the various aspects ‘of the moons, 
some of them rising, setting, and culminating,* 
some of them appearing as crescents, half moons. 
and full enlightened hemispheres, some entering 
into an eclipse, and somé-emerging from it, and 
all of them appearing to move’ with a rapid velo- 
city around the sky, will greatly add'to the variety 
and diversity of scenery which appears in the 
firmament. of this planet. This diversity of as- 
pect, which the scenery of nature presents from 
different regions of ‘the planet, will; in all proba- 
bility, have a tendency to promote frequent inter- 
courses among the different. tribes of its imhabit- 
ants, in order to’contemplate the different. scenes 
of nature ‘and’ providence displayed throughout 
this spacious and magnificent globe. . All these 
circumstances, properly considered, form of them- 
selves a presumptive argument to prove that the 
sublime and exquisite contrivances connected with 
this planet were not intended merely to illuminate 
barren sands and-hideous deserts, but to afford a 
comfortable and magnificent habitation for thou- 
sands of millions. of ‘rational inhabitants who em- 
ploy their faculties in the contemplation of the 
wonders which surround them, and give to their 
Creator the glory which is ‘due to his name. 

_it has often been asked 'as.a mysterious ques- 
tion, “What is the use of the rings with which 
Saturn 1s environed?”” This is a question which 
I conceive there is no great difficulty in answer- 





* A heavenly body is said to culminate when it comes to 
the meiidian, or the highest point of its diurnal course, 


with the planet, around the sun. 
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ht, after which it |ing. The following considerations will go a great 


way in determining this question: 1. They are 


intended to produce all the varieties of celestial 


and terrestrial scenery which 1. have described 
above, and doubtless. other varieties with which 
we are unacquainted; and this circumstance of 
itself, although we could devise no other reason, 
might be sufficient to. warrant the Creator to 
deviate from his, general arrangements in respect 
to the other planets. For variety is one charac- 
teristic of his plans. and operations, both in re- 
spect to the objects on our globe and to those 
which exist throughout the planetary system, and 
it is accordant with those desires for novelty and 
variety which are implanted in the minds of in- 
telligent beings. 2. They are intended te give a 
display of the grandeur of the Divine Being, and 
of the effects of his Omnipotence. They are 
also intended to evince his inscrutable wisdom 
and intelligence in the nice adjustment of their 
motions and positions, so as to secure their sta- 
bility and permanency in their revolutions, along 
3. They are 
doubtless intended to teach us what varied scenes 
of sublimity and beauty the Deity has introduced 
or may yet introduce into various regions through- 
out the universe. We.are acquainted with only a 
few particulars respecting one planetary system; 
but we have every reason to conclude that many 
millions of similar or analogous systems exist 
throughout the unlimited regions of space. In 
some of those systems. the afrangements con- 
nected withthe, worlds which compose them may 
be as different from those of our globe and some 
of the other planets, as the arrangements and 
apparatus connected with Saturn are different 
from those of the planet Vesta or Mars. Around 


‘some of these worlds there may be thrown not 


only two concentric rings, but rings standing at 
right angles to each other, and inclosing and re- 
volving round each other; yea, for aught we 
know, there may.be an indefinite number of rings 
round some worlds, and variously inclined to each 
other, so that the planet may appear like a terres- 
trial globe suspended in the. middle of an armil- 
lary sphere; and all those rings may be revolving 
within and around each other in various directions 
and in different periods of time, so as to produce 
a yariety and sublintity of aspect of which we 
can form no adequate conception. There is 
nothing irrational or extravagant in these suppo- 
sitions; for, had we never discovered the rings of 
Saturn, we could have formed no conception of 
such an appendage being thrown around any 
world, and it would have been considered in the 
highest degree improbable and romantic had any 
one broached the idea. We are therefore led to 
conclude, from the characteristic of variety im- 
pressed on the universe, that Saturn is not the 
only planet in creation that is surrounded with 
such an apparatus, and that the number and posi- 
tion of its rings are not the only models according 
to which the planetary arrangements in other 
systems may be constructed. 

4, Beside the considerations now stated, the 
chief use, I presume, for which these rings were 
created was, that they might serve as a spacious 
abode for myriads of intelligent creatures. If we 
admit that the globe of Saturn was formed for the 
reception of rational inhabitants, there appears 10 
reason why we should not also admit that the 
rings were constructed chiefly for the same pur- 
pose. ‘These rings, as we have already seen, con- 
tain a surface of about thirty thousand millions of 
square miles; and, if all the other planets be 
inhabited, it is not likely that the Creator would 
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eave a space equal to nearly 600 times the 
habitable parts of our globe asa desolate waste, 
without any tribes of either sensitive or intelli- 
gent existence. It forms no objection to this idea 
that the rings are flat, and not globular ‘like the 
planets; for the Creator can arrange any figure of 
a world into a suitable abode for intelligent beings; 
and on our globe we find myriads of animated 
beings fitted for every mode of existence, and in 
situations where we should scarcely ever have ex- 
pected to see them. Beside, three or four centuries 
have scarcely elapsed since the earth was generally 
considered asa plane indefinitely extended; and 
the idea of its being a globe, inhabited on all 
sides, was scouted as untenable, and considered 
far more ridiculous than it can be now to suppose 
the flat rings of Saturn as serving the purpose of 
a habitable world. What should hinder them 
from serving this purpose as well as the. globe of 
Saturn? They are solid arches, which is evident 
from their shadows and their rapid motion; they 
contain an ample space for an immense popula- 
tion; they have the power'of attraction, like other 
material substances connected with the solar sys- 
tem; they are capable of being adorned with as 
great a diversity of surface, and as great a variety 
of beautiful and sublime objects, as this earth or 
any other of the planetary bodies; and it can 
make no great difference in the enjoyments of 
sentient and intellectual beings whether they live 
on a globe, a spheroid, a cylinder, or a plane sur- 
face, which the hand of Wisdom and Omnipo- 
tence has prepared for’ their reception; while it 
displays, at the same time, the variety of modes 
in which the Universal Parent can convey happi- 
ness to his numerous offspring. It may, perhaps, 
be objected to the idea of the habitability of these 
rings, that, while one side is enlightened during 
fifteen years without intermission, the other side 
remains in the dark during the same period. But 
the same thing happens to extensive regions on 
the globe of Saturn; and, doubtless, arrangements 
are made for the enjoyment of the inhabitants in 
both cases during this period. They enjoy in 
succession, and sometimes all at once, the light 
reflected from at least seven. moons, and they 
behold occasionally the body of Saturn reflecting 
the solar rays from certain parts of its surface, 
and appearing like a vast luminous crescent, in 
different degrees of luster, suspended in the sky. 
(See p. 69.) 

Many other views and descriptions might be 
given of the phenomena connected with the sys- 
tem of Saturn, were it not that I do not wish to 
exhaust. the patience of the reader by dwelling 
too long on one subject. The circumstance. of 
two concentric rings being thrown around a pla- 
net, however simple it may at first sight appear, 
involves in it an immense variety of peculiar and 
striking phenomena, in regard both to the inhab- 
itants of the planet and of the rings, so that it is 
difficult for the mind to form a precise and definite 
conception of every particular. ‘To acquire even 
a general view of such phenomena, it would be 
requisite to construct a pretty large machine, 
representing the system of Saturn, ‘in all its 
known motions and proportions, and to make it 
revolve around a central light. An instrument 
of this kind is as necessary for illustrating the 
subject on which we have been. descanting, as an 


orrery or planetarium to illustrate the seasons and: 


the planetary motions. 

Telescopic Views of Saturn and its Rings.—As 
these rings present a variety of aspects as seen 
from different parts of the planet, so they appear 
to assume a different appearance at different times 
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when viewed through our telescopes. Sometimes 
the planet appears to be completely divested of its 
rings; sometimes they appear only like. a short 
luminous line or streak on each. sideof its body; 
sometimes they appear like handles on each side of 
the planet; and at other times like a large ellipse or 
oval almost surrounding the body of the, planet. 
These varied aspects of the rings are owing to the 
following circumstances. The rings never stand at 
right angles to. our line of vision; otherwise we 
should see them as represented in Fig. 58 (p. 67). 
Our eye is never elevated more than thirty de- 
gvees above the’ plane of the rings- The plane 
of these rings preserves a position parallel to itself 
in every part of the planet’s revolution, being 
constantly inclined ‘at’ the same, or yearly the 
same angle to the orbit and to the ecliphe, which 
angle is about twenty-nine or thirty degrees. The 
nodes of the rings lie in 190° and 350° of Jongi- 
tude; which correspond to-the twentieth degree 
of Virgo and -the twentieth. of Pisces.. When, 
therefore, the planet is in these points, the rings 
entirely ‘disappear, because the thin “edge of the 
outer ring only is turned toward our eye, and 
every trace of it is lost for some time, except the 
shadow of it, which appears like a dark helt ACTOSS 
lanet.». "This disappearance. happens. once 
every fifteen years, but frequently with different 
circumstances: ‘Two disappearances-and two re- 
appearances. may occur in’ the Samie year, but 
never. more: When Saturn is in the longitude 
above stated, the plane of the rings passes through 
the sun, and, thé light then falling upon it edge- 
wise, it is to.us:no longer visible. The rings 
likewise disappear when their plane passes through 
the earth; for itsvedge being ‘then. directed to the 
eye, and being too, fine to be. seen, the planet 
appears quite round’ and unaccompanied with its 
rings. ‘When the earth is placed on the side of 
the rings which is'turned fromthe sun, we have 
a third catise-of its disappearance... As the planet 
passes from the ascending to the descending node 
of the’ tings, the northern side of their plane is 
turned ‘toward the sun. As it passes from 1 

descending to the ascending node, the southern 
side of the rings is enlightened. In proportion 
as it recedes from these nodes, the rings appear to 
widen and to present a broader ellipsis, until it 
arrives at. 90° from either node, or in 80° or 260°. 








}of longitude, corresponding to 20° of Gemini and 


20° of Scorpio; at which time the rings will be 
seen to the greatest advantage, and appear almost 
surrounding the globe of Saturn. At the time 
of the greatest opening of the rings, their shorter 
diameter appears exactly one-half of the longer 
diameter. 

The following figures represent the different 
appearances of the rings, during half the period 
of the revolution of Saturn, as seen through good 
telescopes. Fig. 60 shows the appearance of Sa- 
turn when the plane of the ring is parallel to the 
line of vision, and its thin edge turned to the eye. 
In this manner the planet appeared during the 
months of October, November, and part of De- 
cember, 1832, when nothing was perceptible ex- 
cept the dark shade across its disc, as represented 
in the figure. The first time the weather per- 
mitted observations op Saturn about this period 
was December 27, when I perceived the ring, 
with a power of 1&0, appearing like a fine. thread 
of light on each side of the planet, as represented 
Fig. 61. About the beginning of October the 
plane of the ring passed through the center of the 
sun. At that time the inhabitants of Saturn, 
who had previously been in darkness, would per- 
ceive the margin of the sun projecting over the 
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and, in the course of about four of days, or 
nine days of Saturn, the whole body of the sun 
would appear above the plane of the ring, gradu- 
ally rising a little higher every day, as he does 
after the 2lst March to the north pole of the 
earth. The ring began to appear a little larger 
during the months of January, February, and 


March, 1833; but in April it again disappeared, as} 


the earth was then in the plane of the ring, and 
it continued invisible until near the end of June. 
After which it again appeared, as represented in 
Fig. 61, and will now continue visible until the 





2 1847, when it will again disappear. In about 
a year after its second disappearance, it appeared 
as in Fig. 62. In about a year and a half after- 
ward the’ opening between the rings appeared 
wider, as in Fig. 63; and in 1837 it appeared as 
in Fig. 64. In Fig..65 the rings are represented 
at the utmost extent in which they are ever seen, 
along with the dark space that separates the two 
rings, which can only be distinguished by a tele- 
scope magnifying from 220 to 300 times. In this 
position, it will be seen in 1840; after which it 
will pass through all the gradations here repre- 
sented, appearing narrower every year until 1847, 
when it will be seen as in Fig. 61;.soon after 
which. it will entirely disappear, and the planet 
will be seen as if divested of its ring, as repre- 
sented in Fig. 60. Such are the various aspects 
under which Saturn and his rings appear, as view- 
ed through powerful telescopes. 


IX. ON THE PLANET URANUS, 


Since the time of Newton, when the physical 
causes of the celestial motions began to be studied 
and investigated, astronomers have had their at- 
tention directed to the power or influence which 
the planetary bodies exert upon each other. This 
power is termed attraction or gravitation, and is 
inherent in all material substances, so far as our 
knowledge extends. It is exerted in proportion 
to the quantity of matter and the distances of the 
respective bodies; the planets, in their nearest ap- 
proach to each other, causing some slight, devia- 
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tions in their orbits and motions. Some disturb- 
ances or inequalities in the motions of Jupiter 
and Saturn, which could not be accounted for 
from the mutual action of these planets, led cer- 
tain astronomers to conclude that another planet 
of considerable magnitude existed beyond the or- 
bit of Saturn, by the action of which these irregu- 
larities were produced. It was not, however, until 
near the close of the eighteenth century that this 
happy conjecture was realized and confirmed.— 
To the late Sir W. Herschel astronomy is indebted 
for discovering /a new primary planet, which had 
been previously unknown to all astronomers. 

This illustrious astronomer, when residing in 
Bath, had constructed reflecting telescopes of a 
larger size and with higher powers than any that 
had been previously in use, and-had devoted his 
unwearied attention to celestial observations.— 
While pursuing a design which he had formed, of 
making minute observations on every region of 
the heavens, on the 13th of March, 1781, while 
examining, with one of his best telescopes, the 
constellation of Gemini, he observed a star near 
the foot of Castor, the light of which appeared to 
differ considerably from that of the neighboring 
stars, or those which he found described in cata- 
logues. On applying a higher magnifying power 
it appeared evidently to increase in diameter; and 
two days afterward he perceived that its place was 
changed, and that it had moved a little from its 
former position. From these circumstances he 
concluded that it was a comet, and sent an ac- 
count of it as: such to the astronomer royal. As 
a comet, however, it seemed particularly singular 
that no tail or nebulous appearance could be per- 
ceived; on the contrary, it was’ found to show 
with a faint steady light, somewhat paler than that 
of Jupiter. The account of this discovery soon 
spread throughout Europe, and was confirmed by 
observations made at Paris; Vienna, Milan, Pisa, 
Berlin, and Stockholm. The star was for some 
time generally considered as an extraordinary co- 
met, free of all nebulosity, and astronomers were 
occupied in determining the parabolic elements 
of its course. ‘* ‘I'he President Bochard de Saron, 
of the Academy of Sciences of Paris, and Lexel, 
an astronomer of St. Petersburg, who was in Lon- 
don at the time, were the first who discovered its 
circular form, and calculated the dimensions of its 
orbit. It was no longer doubted that Herschel’s 
star was a new planet; and all subsequent obser- 
vations verified this unexpected result.°* We 
have here a striking proof of the perfection of 
modern theories; for the laws regulating the mo- 
tion of this new planet were determined before it 
had accomplished the twentieth part of its course, 
and that motion was not less accurately known 
than that of other planets which had been ob-. 
served during so many centuries. Since its disco- 
very to the present time, it has not yet moved 
much more than two-thirds of a revolution round 
the sun; and yet its motions are calculated, and 
its place in the heavens predicted, with as much 
accuracy and certainty as those of the other pla- 
nets, a circumstance which demonstrates the pre- 
cision of modern astronomers, and which should 
lead the unskillful in astronomy to rely on the 
deductions of this science, however far they may 
transcend their previous conceptions. 

When. the motion of this new planet was. cal- 
culated, the points of the heavens which it suc- 
cessively occupied during the preceding century 
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could be pointed out; and it occurred to some as- 


tronomers that it might possibly have been ob- | 


served before, though not known to be a planet. 
Mr. Bode, of Berlin, who had just published a 
work containing ‘all the catalogues of zodiacal 
stars which had appeared, was induced to consult 
these catalogues in order to discover whether any 
star marked by one astronomer, and omitted by 
another, might not be the new planet in question. 
In the course of this inquiry he found that the 
star No. 964 in Mayer’s catalogue had been unob- 
served by others, aud observed only once by 
Mayer himself, so that no motion could have 
been perceived by him. On this Mr. Bode imme- 
diately directed his telescope to that part of the 
heavens where he might expect to find it, but 
without success. At the same time he found, by 
calculation, that its apparent place in the year 
1756 ought to have been that of Mayer’s star, and 
this was one of the years in which he was busied 
in his observations; and, on further inquiry, it 
was found that the star 964 had been discovered 
by Mayer on the 15th of September, 1756; so 
that it is now believed that this star was the new 
planet of Herschel. It appears likewise that this 
star was seen several times by Flamstead, the as- 
tronomer royal, in the year 1690; once by Brad- 
ley; and eleven times by Lemonnier; all of whom 
considered it as one of the fixed stars, but never 
suspected that it was a planetary body. The dis- 
covery of this planet enlarges our views of the 
extent of the solar system, and of the quantity of 


matter it contains, far more than if planets equal, 


to Mercury, Venus, the Earth, the Moon, Mars, 
Vesta, Juno, Ceres, and Pallas, were to be added 
to that system; for, although it is scarcely distin- 
guishable by the naked eye on the vault of hea- 
ven, it is more than twenty times larger than all 
these bodies taken together. 

After this body was ascertained to belong to the 
planetary system, it became a subject of conside- 
vation by what name it should be distinguished. — 
The old planets were distinguished by names bor- 
rowed from the heathen deities, a nomenclature 
which, perhaps, it might now be expedient to 
change; but Galileo and Cassini gave to the celes- 
tial bodies they discovered the names of the 
princes who had patronized their labors. Hence 
Galileo, when he had discovered the satellites ‘of 
Jupiter, sent his drawings of them to his patron, 
Cosmo Medici, Grand Duke of Tuscany, in honor 
of whom he called them Medicean stars;, and 
Cassini named the satellites of Saturn which he 
discovered after Louis XIV. In imitation of these 
discoveries, Sir W. Herschel named his newly- 
discovered planet Georgium Sidus, in honor of his 
patron George the Third. But foreign astrono- 
mers, for a considerable time, gave it the name of 
Herschel, in honor of the discoverer; but after- 
ward hesitated between the names Cybele, Nep- 
tune, end Uranus. This last name, derived from 
one of the Nine Muses who presided over astro- 
nomy, ultimately prevailed, and will probably dis- 
tinguish this planet in future generations, unless 
the present nomenclature of the planets be abo- 
lished. j 

Distance and Period of Uranus.—Uraunus is the 
most distant planet of the solar system, so far as 
our knowledge yet extends; although it is by no 
means improbable that planets may exist even be- 
yond its orbit, distant as it) is; for comets pass 
far beyond the limits of this planet, and again 
return to the vicinity of the sun. Its distance 
from the sun, in round numbers, is 1,800,000,000; 
that is, eighteen hundred millions of miles, which 
is double the distance of the planet Saturn.— 
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When nearest the arth, it is distant from us 
about 1,705,000,000 of miles. In order to ac- 
quire a rude conception of this distance, let us 
suppose a steam-carriage to set out from the_ 
earth, and to: move, without intermission, twen- 
ty miles every hour, it would require more 
than nine thousand, seven hundred and thirty 
years before it could reach the planet Uranus, 
so that, although the journey had been com- 
menced at the creation of our globe, it would still 
require more than three thousand seven hundred 
years to arrive at its termination. Even a can- 
non ball, flying at the rate of twelve thousand 
miles every day, would require three hundred and 
eighty-nine years to reach the nearest point of the 
orbit of this planet. Yet the comet which ap- 
peared in 1835, in all probability, pursues its 
course far beyond the orbit of Uranus, and will, 


doubtless, visit this part of our system again, as it 


has done before, within the space of seventy-six 
years, although it must move more than double 
the above distance before it returns. The circum- 
ference of the orbit in which Uranus revolves 
about' the sun is 11,314,000,000 of miles, through 
which it moves in 30,686 mean solar days, or 
about eighty-four years. It is the slowest mov- 
ing planet in the system, and yet it pursues its 
course at the rate of 15,000 miles every hour.— 
Were a steam-carriage to move around the im- 
mense orbit of this planet at the rate above stated, 
it would require no less than sixty-four thousand, 
five hundred and seventy years before this ample 
circuit could be completed; and yet a globe eighty 
times larger than the éarth finishes this vast tour 
in eighty-four years! This planet doubtless re- 
volves round its axis as the other planets do, but 
the period of its rotation is as yet unknown. Its 
great distance from the earth prevents us from 
observing any spots or changes on its surface by 
which its rotation might be determined. La 
Place concludes, from physical considerations, 
that it revolves about an axis very little inclined 
to the ecliptic; and that the time of its diurna 
rotation cannot be much less than that of i 
ter or Saturn. 

Magnitude and Dimensions of Uranus.—This 
planet is about 35,000 miles in diameter, and 


(110,000 miles in circumference, being about 


eighty-one times larger than the earth, and four 
thousand times larger than the moon. Its sur- 
face contains 3,848,460,000. of square miles, which 
is 19 times the area of our globe, and 78 times the 
area of all the habitable portions of the earth. At 
the rate of population formerly stated, 280 to a 
square mile, it could, therefore, accommodate 
1,077,568,800,000, or more than one billion of 
inhabitants, which is one thousand three hundred 
and forty-seven times the population of our globe. 
So that this planet, which escaped the notice of 
astronomers for more than five thousand years, 
forms a very considerable portion of the solar 
system and of the scene of the Divine government. 

Proportion of Light on Uranus.—As this planet 
is nineteen times farther from the sun than the 
earth is, and as the square of 19 is 361, the inten- 
sity of light on its surface will be three hundred 
and sixty times less than what we enjoy. Yet 
this quantity of light is equal to what we should 
have from the combined effulgence of three hun- 
dred and forty-eight full moons; and, with a'slight 
modification of our visual organs, such a propor- 
tion of light would be quite sufficient for all the 
purposes of vision. ‘Though the light of the sun 
flies eighteen hundred millions of miles before it 
reaches this planet, and returns again by reflec- 
tion nearly the same distance before it reaches the 
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earth, yet it is distinctly visible through our tele-. 
scopes, and sometimes even to the naked eye; 
and Uranus, with a moderate magnifying power, 
appears about as bright as Saturn. How small a 
“quantity of solar light may suffice for the pur- 
pose of vision will be obvious by attending to the 
following circumstance: In the late solar eclipse 
which happened on the 15th of May, 1836, little 
more than the one-twelfth part of the sun was visi« 
ble at those places where the eclipse was annular. 
Almost every person imagined that a dismal gloom 
and darkness would ensue, yet the diminution of 
light appeared no greater than what frequently 
happens in a cloudy day. At the time of the 
greatest obscuration there was more than half 
the light which falls upon Uranus, and all the ob- 
jects of the surrounding landscape, though some- 
what deficient in brilliancy, were distinctly per- 
ceived: There can be no doubt that the organs 
of vision of the inhabitants of the different pla- 
nets, being formed by Divine wisdom, are exactly 
adapted to the objects amid which they are placed, 
and the quantity of light reflected from them; 
and there may be innumerable modes, unknown 
to us, by which this end may be effected. We 
can easily conceive, that if the pupils of our eyes 
rere rendered capable of a. greater degree of ex- 
pansion than they now possess, or were the retina, 
on which the images of objects. are depicted, en- 
dowed with a greater degree of nervous sensibili- 
ty, so as to be more easily affected by the impulses 
of light, we might perceive as much splendor on 
all the objects connected with Uranus, were we 
placed on that planet, as we now do on the 
scénery around us during the brightest days of 
summer. When we pass from the light of the 
sun into a darksome apartment, on our first en- 
trance we can scarcely distinguish any objects with 
distinctness; but after remaining five or six mi- 
nutes, until the pupil has time to expand, every 
object around us is readily perceived; and, from 
the same cause, nocturnal animaly can pursue 
their course with ease and certainty amid the 
pest shades of night; so that the inhabitants 

of the most distant planet of our system, although 
it were removed from the sun to double the dis- 
tance of Uranus, might perceive objects with all 
the distinctness requisite for the purposes of 
vision; and if the pupils of the eyes of such be- 
ings be much more expansive than ours (as is pro- 
bably the case), it is highly probable they will 
be enabled to penetrate much farther into. the 
celestial regions, and to perceive the objects in the 
firmament with much greater distinctness and 
‘“ space-penetrating power’ than we can do, even 
with the aid of instruments. It is likewise probable 


Fig. 66. 





that the objects on the surface of the more dis- 
tant planets of our system are fitted to reflect the 
rays of light with peculiar brilliancy. Hence we 
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find that the light of Uranus, though descending 
upon us from a region 900 millions of miles far- 
ther than Saturn, appears as vivid as the light 
which is reflected to us from that planet. The 
apparent diameter of the sun, as seen from Ura- 
hus, .is only 1 minute, 38 seconds; whereas his 
mean apparent diameter as seen from the earth is 
32 minutes, 3 seconds; consequently this orb, as 
viewed from this planet, will appear very litile 
larger than Venus appears to us. in her greatest 
brilliancy, or Jupiter when near his opposition 
The foregoing figure represents to the eye the ap- 
parent size of the sun as seen from Uranus and 
from the earth, the small circle representing his 
size as seen from Uranus. 

Temperature of Uranus.—If heat followed the 
same law as the propagation of light, and de- 
creased as the.square of the distance of the planet 
from the sun increased, then the surface of the 
planet Uranus would be a cold region indeed, in 
which no life or animation, such.as we see around 
us, could exist. Baron Fourier, in his “ Memoir 
of Herschel,” says, “Its temperature is more than 
forty degrees below that of ice;’’ and if the de- 
grees of Reaumur’s thermometer be meant, this 
temperature will correspond to one hundred and 
twenty-two degrees. below the freezing point of 
Fahrenheit; a cold.enough region, truly. In ac- 
cordance with such representations, the poets of 
the last century expatiated on the cold tempera- 
ture of Saturn in such strains as the following: 

‘* When the keen north with all its fury blows, 

Congeals the floods, and forms the fleecy snows, 

*T is heat intense to what can there be known; 

Warmer our poles than is its burning zone. 

Who there inhabit must have other powers, 

Juices, and veins, and sense, and life, than ours, 

One moment’s cold, like theirs, would pierce the bone, 

Freeze the heart’s blood, and turn us all to stone.” 
Baxer’s Universe. 

This, it must be admitted is a very cold poetic 
strain, almost sufficient to make one shiver, and to 
freeze our very thoughts; and if such a descrip- 
tion were applicable to Saturn, it is much more 
so to the planet Uranus, at double the distance.— 
But I presume it is more in accordance with po- 
etic license than with the deductions of sound 
philosophy. We have no valid reason’ to con- 
clude that the degree of heat on the surfaces of 
the different planets is inversely proportional to 
the squares of their respective distances from the 
sun. The sun is to be considered chiefly as the 
great storehouse of light, and it may likewise be 
viewed as the great agent in the production of 
heat, without supposing it to be an enormous 
mass of fire, which the common opinion seems to 
take for granted. Its rays produce heat chiefly 
by exciting an insensible action between caloric 
and the particles of matter contained in bodies; 
and caloric appears to be a substance universally 
diffused throughout nature. If the degree of heat 
were in proportion to the distance’ from the sun, 
why should the upper regions of the at osphere 
be so intensely cold? Why should the tops of 
lofty mountains be crowned with perpetual snows, 
while the plains below are scorched with heat?— 
Why should an intense cold be felt in the latitude 
40°, when a comparative mildness is experienced 
in the latitude of 56°? In the state of Gonnec- 
ticut, North America, in January, 1835, the ther- 
mometer ranged from minus 25° to 27° of Fah- 
renheit; while in Scotland, during the same pe- 
riod, it was seldom so low as the freezing point.— 
But as I have ulready thrown out some remarks 
on this subject when describing the planet Mer- 
cury, I need not enlarge (see page 28). In order 
to form correct ideas of the distribution. of heat 
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among the planetary bodies, we have only to sup- 
pose that the Creator has proportioned the quantity 
of caloric (or that which produces sensible heat) to 
the distance at which every planet is placed from 
the sun, so that a large quantity exists in Saturn 
and a smaller quantity in Mercury. If, therefore, 
the quantity of caloric connected with Uranus be 
in proportion to its distance from the .sun, there 
may be as much warmth experienced in that dis- 
tant region of the solar system'as in the mildest 
parts. of our temperate zones. So that we are 
under no necessity of associating the frigid and 
gloomy ideas of the poet with our contemplations 
of this expansive globe. At all events, we may 
yest assured that the Creator, whose wisdom is 
infinite in its resources, and-whose “ tender mer- 
cies are over all his works,’ has adapted the 
structure and ‘constitution of the inhabitants of 
every planet to the nature and circumstances of 
the habitation provided for them, so as to render 
every portion of his dominions a comfortable 
abode for his intelligent offspring; provided they 
do not frustrate his benevolent designs (as has, 
been done in our world) by their rebellion and 
immoral conduct. For in no region of the uni- 
verse, whatever may be its physical arrangements, 
can true happiness be enjoyed, unless love to God 
and love to all surrounding intelligences form -the 
grand principles of action, and be uniformly dis- 
played in every intercourse and association, and 
amid all the ramifications of moral conduct. On 
this basis chiefly rests the happiness of the intel- 
ligent universe; and, wherever principles directly 
opposite to these prevail among any order of in- 
tellectual beings, whatever may be the structure 
or scenery of their habitation, misery and moral 
disorder must be the inevitable consequence. 

The following additional particulars may be 
stated in relation.to this planet: Its density is 
reckoned to be nearly equal to that of water. .A 
body weighing one pound on the earth’s surface 
would weigh only fourteen ounces, fourteen 
drachms, if removed’ to’Uranus. The eccen- 
tricity of its orbit is 85,000,000 of miles, which is 
about the 1-42d part of its diameter. Its mean 
apparent diameter, as seen from the earth, is about 
four seconds. The inclination of its orbit to the 
ecliptic is forty-six minutes, twenty-six seconds, 
so that it is never much more than three-fourths 
of a degree from the ecliptic. This inclination is 
less than-that of any of the other planetary orbits. 
Six satellites are supposed to be connected with 
Uranus, but their periods and other phenomena 
have not yet been accurately ascertained. 


( 





In the preceding pages I have given a brief 
sketch of the principal phenomena connected 
with the primary planets of our system. Whether 
any other planets beside those specified belong to 
this system is at present unknown. We have no 
reason to believe that the boundaries of the plane- 
tary system are circumscribed within the range 
of our discoveries or the limits of our vision. 
Within the space of little more than half a cen- 
tury, the limits of this system have been ex- 
panded to our view to double the extent which 
they were formerly supposed to comprehend. 
Instead of an area of only 25,400,000,000 of 
square miles, it is now found to comprise an 
extent of 101,700,000,000 of square miles, which 
is four times the dimensions formerly assigned to 
it. There would be no improbability in conceiv- 
ing it extended to at least triple these dimensians. 
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to 1807, no fewer than five primary planets and 
eight secondaries were discovered, beside a far 
greater number of comets than had ever before 
been detected within a similar lapse of years; and 


_ therefore it would be obviously rash and prema- 


ture to conclude that we have now discovered all 
the moving bodies of our system. Far beyond 
the limits of even Uranus other planets yet 
unknown may be performing their more ample 
circuits around the sun; for we know, from the 
case of comets, that even throughout those distant 
regions his attractive power and influence extend. 
In the immense interval of 900,000,000 of miles 
between the orbits of Saturn and Uranus, one, if 
not two planets may possibly exist, though they 
have hitherto eluded the observation of astrono- 
mers. In order to detect such bodies, if any exist, 
it would be requisite to survey, more minutely 
than has yet been done, a zone of the heavens 
extending at least twenty degrees on each side of 
the ecliptic, marking exactly the minutest objects 
in every part of it which the most powerful tele- 
scopes can enable us to desery. After which a 
second survey should be made to ascertain if any 
of the bodies formerly observed be found .missing 
or have shifted their position. It might likewise 
be expedient to compare with new observations 
the stars marked in all the celestial atlases that 
have hitherto been published, and to note: particu- 
larly those which are wanting where they were 
formerly marked, and those that have appeared in 
certain places where they were formerly unob- 
served. If a taste for celestial investigations were 
more common among mankind, and were. the 
number of observers indefinitely increased, there 
would be no great difficulty in accomplishing such 
an object; for certain small portions of the hea- 
vens might be allotted to different classes of ob- 
servers, who might proceed simultaneously in 
their researches, and in a comparatively short 
period the whole survey might be completed. 

It is not improbable that a planet may exist 
within the space of 37 millions of miles which 
intervenes between the orbit of Mercury and the 
sun. But such a body could never be detected in 
the evening after sunset, as its greatest elongation 
from the sun could not be supposed to be more 
than ten or twelve degrees, and, consequently, it 
would descend below the horizon in about half an 
hour after sunset, and before twilight had disap- 
peared. The only chance of detecting sucht a 
planet would be when it happened to transit the 
sun’s disc; but as this would happen only at dis- 
tant intervals, and as it might make the transit in 
cloudy weather, or when the sun is absent from 
our hemisphere, there is little prospect of our 
discovering such a body in this way. It might 
be of some importance, however, that those who 
make frequent observations on the sun should 
direct their attention to this circumstance; as 
there have been some instances in which dark 
bodies have been observed to move across the 
sun’s disc in the space of five or six hours, when 
no other spots were visible. An opaque body of 
this description was seen by Mr. Lloft and others 
on the 6th of January, 1818, which moved with 
greater rapidity across the solar disc than Venus 
in her transit in 1769. It is possible that a planet 
within the orbit of Mercury might be detected in 
the day-time, were powerful telescopes applied to a 
space of the heavens about ten or twelve degrees 
around the sun. Small stars have been seen even 
at noonday with powerful instruments, and, con- 
sequently, a planet even smaller than Mercury 
might be perceived in the day-time. In this case, 


Within tho space of twenty-six years, from 1791 | a round opaque body would require to be placed 
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at a considerable distance from the observer, so as 
completely to intercept the body of the sun, and 
about a degree of the heavens all around him; 
and every portion of the surrounding space, ex- 
tending to at least twelve degrees in every direc- 
tion, should then be carefully and frequently 
examined. Such observations, if persevered in, 
would undoubtedly afford a chance of detecting 
any revolving body that might exist within such 
a limit. But I may afterward have an opportunity 
of describing more particularly the observations, 
and the mode of conducting them, to which I 
allude. 
X. THE SUN. 

Having taken a cursory survey of the most 
prominent particulars connected with the primary 
planets, I shall now proceed to a brief description 
of the sun, that magnificent luminary on which 
they all depend, from which they derive light, 
and heat, and vivifying influence, and by whose 
attractive energy they are directed in their mo- 
tions and retained in their orbits. Before pro- 
ceeding to a description of the particular pheno- 
mena con: ected with the sun, it may be expedient 
briefly to describe some of his apparent motions. 

ipparent Motions of the Sun.—The most ob- 
vi apparent motion of the sun, which is 
known to every one, is, that he. appears to rise in 
the morning in an easterly direction, to traverse a 
certain portion of the sky, and then to disappear 
in the evening in a direction toward the west. 
Were we to commence our observations on the 
21st of December, in the latitude of 52° north, 
which nearly corresponds to that of London, we 
should see the sun rising near the south-east point 
of the horizon, as at S EH, Fig. 67, describing a 
comparatively small curve above the horizon, 
from S E to S W, in the southern quarter of ‘the 
heavens, and setting at S W, near the south-west. 
At this season the sun remains only between 
seven and eight hours above the horizon; and 
when he arrives at S, at midday, which is the 
highest point of his elevation, he is only about 
fourteen degrees above » horizon, which may 

Me 
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be represented by the line SB. After disappear- 
ing in our horizon in the évening, he describes 
the large curve from S W to W, N, and FE, until 
he again arrives in the morning near the point S 
E. All this curve is described below our horizon, 
and, therefore, the nights at this season are much 
longer than the days. After this period the sun 
rises every day at points a little farther to the 
north, between S FE and E, and sets in corres- 
ponding points in the west, between S W and W, 
until the 21st of March, when he rises at the 
point E, due east, and sets due wost at the point 
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W. At this time he moves through the semicircle 
E, S, W, and at noon he rises to the elevation of 
thirty-eight degrees above the southern horizon, 
which may be represented by the line SC. This 
is the period of the vernal equinox, when there is 
equal day and night throughout every part of the 
earth, the sun being twelve hours above and 
twelve hours below the horizon. After this 
period the sun rises to the north of the easterly 
point, and sets to the north of the westerly, and 
the length of the day rapidly advances until the 
2st of June, when he rises near the north-east 
point, N E, and sets near the north-west point, 
NN W, describing the large curve from NV E to E 
S W, and N W. This period of the your is 
called the summer solstice, when the days are 
longest, at which time the sun rises at noon to an 
elevation of 611g degrees above the horizon, which 
may be represented by the line S D, and he con- 
tinues above the horizon for nearly seventeen 
hours. The length of the nights at this time is 
exactly the same as the length of the days on the 
2ist of December. The sun’s nocturnal arch, or 
the curve he describes below the horizon, is that 
which is represented in the lower part of the figure 
from N Wto N E. In more southern latitudes 
than fifty-two degrees, the sun rises to a higher 
elevation at noon; and in higher latitudes his 
meridian altitude *is less thun what is stated above. 
From the time of the summer solstice the days 
gradually shorten; the sun rises in a more south- 
erly direction until the 23d of September, which 
is called the autumnal equinor, when he again 
rises in the eastern point of the compass, and 
every succeeding day at a point still farther to the 
south, until, on the 2lst of December, or the 
winter solstice, he is again seen to rise near the 
south-east, and afterward to pass through all the 
apparent variations of motion above described. 
Were we residing in southern latitudes, such as 
those of Buenos Ayres, the Cape of Good Hope, or 
Van Dieman’s Land, the apparent motions of the 
sun would be somewhat different. Instead of be- 
holding the sun moving along the southern part of 
the sky from the left hand to the right, we should 
see him direct his course along the northern part 
of the heavens from the right hand to the left. 
In other respects his apparent motions would 
nearly correspond to those above described. Were 
we placed in countries under the equator at the 
time of the equinoxes, the sun at midday would 
shine directly from the zenith, at which time 
objects would have no shadows. At all other 
times the sun is either in the northern or the 
southern quarter of the heavens. During the 
one-half of the year he shines from the north, 
and the shadows of objects fall to the south; 
during the other half he shines from the south, 


_| and the shadows of «all objects are projected toward 


the north. This is a circumstance which can 
never occur in our climate or in any part of the 
temperate zones. At the equator, too, the days 
and nights are of the same length, twelve hours 
each, throughout the whole year. Were we 
placed at the poles, the motion of the sun would 
present a different aspect from any of those we 
have described. At the north pole, on the 21st 
of March, we should see a portion of the sun’s 
disc appear in the horizon after a long night of 
six months. This portion of the sun would 
appear to move quite round the horizon every 
twenty-four hours; it would gradually rise higher 
and higher until the whole body of the sun made 
its appearance. As the season advanced, the sun 
would appear to rise higher and higher until he 
attained the altitude of 231¢ degrees above the 
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horizon, which would take place on the 21st of | lions on the one hand, nor much above 96 millions 


June; after which his altitude would gradually 
decline until the 23d of September, when he 
would again appear in the horizon. During the 
whole of this period of six months there is per- 
petual day, the stars are never seen, and the sun 
uppears to go quite round the heavens every 
twenty-four hours without setting, in circles 
nearly parallel to the horizon. After the 23d of 
September the sun disappears, and a night of six 
months succeeds, which is occasionally enlivened 
by the moon, the stars, and the coruscations of 
the aurora borealis, during which period the south 
pole enjoys all the splendor of an uninterrupted 
day. In all places within the polar circles, the 
length of the longest day varies from twenty- 
four hours to six months. In the northern parts 
of Lapland, for example, the longest day is about 
six weeks; during this time the sun, appears to 
move round the heavens without setting; but at 
noon, when he comes to the meridian, he is about 
40 degrees above the southern horizon, and twelve 
hours afterward he appears elevated about. six 
degrees above the northern horizon, from ‘which 
point he again ascends until he arrives at the 
southern meridian. 

Such are the apparent diurnal motions and 
general aspects of the sun in different parts of 
the earth, which are owing partly to the inclination 
of the axis of the earth to the plane of the eclip- 
tic, and partly to the different positions in which 
a spectator is placed in different zones of the 
globe. It is almost needless to remark, that these 
motions of the sun are not real, but only apparent. 
While presenting all-these varieties of motion, he 
is still a quiéscent body in the center of the pla- 
netary system. By the rotation of the earth round 
its axis, from west to east, every twenty-four 
hours, all these apparent motions of the sun are 
produced. This we have already endeavored to 
prove in chap. i, pp. 16-17. ‘ 

Beside the apparent diurnal motion now de- 
scribed, there is another apparent motion of the 
sun in a contrary direction, which is not so much 
observed, and that is, his apparent motion from 
west to east through the whole circle of the hea- 
vens, which he accomplishes in the course of a 
year. This motion maniiests itself by the appear- 
ance of the heavens during the night. The stars 
which lie near the path of the sun, and which set 
a little time after him are soon Jost in his light, 
and after a short time reappear in the east a little 
before his rising. This proves that the sun 
advances toward them in a direction contrary to 
his diurnal motion; and hence we behold a dif- 
ferent set of stars in our nocturnal sky in summer 
and in winter. This apparent revolution of the 
sun is produced by the annual motion of the earth 
round the sun, of which I have already given an 
explanation (chap. i, p. 17,) along with certain 
demonstrative proofs that the sun is the center of 
the planetary system (see also chap. ii, pp..22-26). 

Distance and Magnitude of the Sun.—To find 
the exact distance of the sun from the earth is an 
object which has much interested and engaged 
astronomers for a century past. The angle of 
parallax being so small as about eight and a half 
seconds, rendered it for some time difficult to 
arrive at an accurate determination on this point, 
until the transits of Venus in 1761 and 1769. From 
the calculations founded upon the observations 
made on these transits, it has been deduced that the 
distance of the sun is about 95,000,000 of miles. 
This distance is considered by La Place and other 
astronomers to be within the 1-87th part of the true 
distance, 50 thal it cannot be much below 94 mil- 





on the other. Small as this interval may appear 
when compared with the vast distances of some 
of the other celestial bodies, it is, in reality, a 
most amazing distance when compared with the 
spaces which intervene between terrestrial objects; 
a distance which the mind cannot. appreciate 
without a laborious effort. It is thirty-one thou- 
sand six hundred times the space which intervenes 
between Britain and America; and were a carriage 
to move along this space at,the rate of 480 miles 
every day, it would require 542: years before the 
journey could be accomplished. 

The magnitude of this vast luminary is an 
object which overpowers the imagination. Its 
diameter is 880,000 miles; its circumference, 
2,764,600, miles; its surface contains 2,432,800,- 
000,000 of square miles, which is twelve thousand 
three hundred and fifty times the area of the ter- 


l'raqueous globe, and nearly fifty thousand times 


the extent of all the habitable parts of the earth. 
Its solid contents comprehend 356,818,739,200,- 
'000,000,* or more than three hundred and fifty- 
six thousand billions of cubical miles. Were its 
center placed over the earth, it would fill the 
whole orbit of the moon, and reach 200,000 miles 
beyond it on every hand. Were a person ae 
travel along the surface of the sun, so as to’ pass 
along every square mile on its surface, at the rate 
of thirty miles every day, it would require more 
than two hundred and twenty millions of years 


before the survey of this vast globe could.be com- 


pleted. , It would contain within its cireumference 
more than thirteen hundred thousand globes as 
large as the earth, and a thousand globes of the 
size of Jupiter, which is the largest planet of the 
system. It is more than five hundred times 
larger than all the planets, satellites, and comets 
belonging to our system, vast and extensive as 
some of them are. Although its density is little 
more than that of water, it would weigh 3360 pla- 
nets such as Saturn, 1067 planets such as Jupiter, 
329,000 globes such as the earth, and more than 
two millions of globes such as Mercury, although 
its density is nearly ce that of lead. Were 
we to conceive of its surface being peopled with 
inhabitants at the rate formerly stated, it would 
contain 681,184,000,000,000, or more than six 
hundred and eighty billions, which would be 
equal to the inhabitants of eight hundred and fifty 
thousand worlds such as ours. 

Of a globe so vast in its dimensions, the hu- 
man mind, with all its efforts, can form no ade- 
quate conception. If it is impossible for the mind 
to take in the whole range of the. terraqueous 
globe, and to form a comprehensive idea of its 
amplitude and its innumerable objects, how can 
we ever form a conception, approaching to the 
reality, of a body one million three hundred thou- 
sand times greater? We may express its dimen- 
sions in figures or in words, but in the present 
state of our limited powers we can form no men- 
tal image or representation of an object so stu- 
pendous and sublime. Chained down to our ter- 
restrial mansion, we are deprived of a sufficient 
range of prospect, so as to form a substratum to 
our thoughts, when we attempt to, form concep- 
tions of such amazing magnitudes. The imagina- 
tion is overpowered and bewildered in its boldest 
efforts, and drops its wings before it has realized 
the ten thousandth part of the idea which. it 





* Tn some editions of the “ Christian Philosopher,” under 
the article Astronomy; this number is inaccurately stated; 
and the number which follows, two thousand millions, should 
be two hundred millions. ; 
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attempted to grasp. It is not improbable that the 
largest ideas we have yet acquired or can repre- 
sent to our minds of the immensity of the uni- 
verse are inferior to.a full and comprehensive idea 
of the vast globe of the sun in all its connections 
and dimensions; and, therefore, not only must the 


powers of the human mind be invigorated and | 


expanded, but also the limits of our intellectual 


and corporeal vision must be indefinitely extended, 


‘before we can grasp the objects of overpowering 
grandeur which exist within the range of creation, 
and take an enlightened and:comprehensive view 
of the great Creator’s empire. And as such 
endowments cannot be attained in the present 
state, this very circumstance forms a presumptive 
argument that man is destined to an immortal 
existence, where his faculties will be enlarged and 
the boundaries of his vision extended, so as to 
enable him to take a large and comprehensive 
view of the wonders of the universe, and the 
range of the Divine government. In the mean- 
time, however, it may be useful to allow our 
thoughts to expatiate on such objects, and to 
endeavor to form as comprehensive an idea as 
possible of such a stupendous luminary as the 
sun, in order to assist us in forming conceptions 
Forties still more grand and magnificent ; for 

e sun which enlightens our day is but one out 
of countless millions of similar globes dispersed 
throughout creation, some of which may fur excel 
it in magnitude and glory. 

Rotation of the Sun—This luminary, although 
it is placed in the center of the system, in the 
enjoyment of perpetual day, and stands in no 
need of light from any other orb, yet is found to 
have a rotation roundits axis. This circumstance 
seems to indicate that motion is essential to all 
the bodies of the universe, whether revolving in 
orbits around another body, or acting as the cen- 
ters of light and attractive influence. And from 
what we know of the more distant bodies. in the 
heavens, we have reason to believe that there is 
none of them in a-state of absolute quiescence, 
but that they are all in incessant motion, either 
round their axes, or a da distant center. The 
rotation of the sun was discovered by the motion 
of certain dark spots across its disc... These spots 
appear to enter the disc on the east side, to move 

_from thence with a velocity continually increasing 
until they arrive at the middle of the disc; they then 
move slower and slower until they go off at the 
sun’s western limb; after Which they disappear for 
about the same space of time they occupied in 
crossing the disc, and then enter again on the 
eastern limb and move onward in the same track 
as before, unless they suffer a change, as frequently 
happens, after they disappear from the western 
limb, ‘The apparent inequality in the motion of 
the spots is purely optical, and is owing to the 
oblique view wé have of the parts of a globe 
which are near the margin; but the motion is 
such as demonstrates that the spots are carried 
round with a uniform and equable motion.— 
From the motion of these spots we learn, 1: That 
the sun is a globe, and nota flat surface; 2. That 
it has a rotation round its own axis; and, 3. That 
this rotation is performed in the same direction as 
the rotation of the planets and their annual revo- 
lutions, namely, according to the order of the signs 
of the zodiac. The time which a spot takes in 
moving from the eastern to the western limb is 
thirteen days and nearly sixteen hours, and, con- 
sequently, the whole apparent revolution is twen- 
ty-seven days and nearly eight hours. But. this 
is not the true period of the sun’s rotation; for as 
the earth has, during this time, advanced in its 
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orbit from east to west, and in some measure fol- 
lowed the motion of the spot, the real time in - 
which the spots perform their revolutions is found, 
by calculation,* to be twenty-five days, ten hours. 
Every part of the sun’s equator, therefore, moves 
hat the rate of 4532 miles every hour. ‘The axis 
of the sun, round which this revolution is perform- 
ed, is inclined 7 degrees 20 minutes to the ecliptic. 

The Solar Spots, and the Physical Construction 
of the Sun.—Although the sun is the fountain of 
light, and is incessantly pouring a flood of  radi- 
ance over surrounding worlds, yet the nature of 
this vast luminary, and the operations which are 
going on upon its surface and adjacent regions, 
are ina great measure involved in darkness— 
Before stating any opinions on this subject, it may 
be proper, in the first place, to:give a brief de- 
scription of the phenomena which have been 
observed on the surface of the sun. The first and 
most striking phenomenon is the dark spots to 
which we have alluded. These spots are of all 
sizes, from one twenty-fifth part of the sun’s 
diameter to the one five-hundreth part and under. 
The larger spots are uniformly dark in the center, 
and surrounded witha kind of border or fainter 
shade, called a penumbra. This penumbra, which 
sometimes occupies a considerable space around 
the dark nucleus, is frequently of a shape nearly 
corresponding to that of the black spot. Some- 
times two or more dark spots, and a number of 
small ones are included within the same penum- 
bra, and at other times a number of small spots 
in a train, forming a kind of tail, accompany the 
larger ones. The number of the spots is very 
various; sometimes there are only two or three, 
sometimes above a hundred, and sometimes none 
at all. Scheiner, who was among the first that 
observed these spots, remarks, that “from the 
year 1611 to 1629 he never found the sun quite 
clear of spots, except a few days in December, 
1624; at other times he was able to count twenty, 
thirty, and even fifty spots upon the sun ata 
time.’ Afterward, during an interval of twenty 
years, from 1650 to 1670, it is said that scarcely 
any were to be seen. But, since “the begirining 
of last century, no year has passed, so. far as we 
know, in which spots have not been seen. I have 
had an opportunity of viewing the sun with good 
telescopes several hundreds of times, but have 
seldom seen his surface altogether free of spots.— 
In some years, however, they have been far more 
numerous than in others. In the beginning of 1835 
comparatively few were seen, but during the 
latter part of it, the whole of 1836, and up to 
the present tiine (September, 1837), they have 
been exceedingly numerous. On the 16th of 
November, 1835, with an achromatic telescope, 
magnifying about a hundred times, I perceived 
about ten different clusters; and, within the 
limits of two of the clusters, sixty different spots 
were counted, and in the whole of the other clus- 
ters above sixty more; making in all about 120 
spots, great and small. On the 19th of October, 
1836, and the 21st of February, 1837, I counted 
about 130; and on a late occasion I perceived 
spots of all descriptions to the amount of about 
150. Such'a number of Spots are generally ar- 
ranged into ten or twelve different clusters, each 
cluster having one or two large spots, surrounded 
with a number of smaller ones. Fig. 68, repre- 
sents the spots of the sun nearly as they appeared 
on the 19th of October, 1836, some of the smaller 
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*The following is the proportion by which the true rotati 
is found: 365d. 5h. 48m. +- 27d. Th. 7m. 3 Or, 392d. 13h. 25mm." 


865d. Sh, 48m. : : Q7d. Th. 3im.: 5d. Oh. 56m.=the true time 
of the sun’s rotation, 
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spots being omitted. The larger spots are repre- 
sented on a somewhat larger scale than they should 
be in proportion to the diameter of the circle; but 
they present nearly the same relative aspect they 
exhibited when viewed through the telescope at 
the time specified. Fig. 69 shows the large spot 
on a larger scale; and Fig. 70 a large spot which 
appeared in a subsequent observation, which had 
a bright streak or two in the center. 

The magnitude of some of the solar spots is 
astonishing. One of the spots seen November 
16, 1835, was found to measure about the fortieth 
part of the sun’s diameter; and as that diameter 
is equal to 880,000 miles, the diameter of the 
spot must have been 22,000 miles, which is nearly 
three times the diameter of the earth; and if we 
suppose it only a flat surface, and nearly circular, 
it contained 380,133,600 square miles, which is 
nearly double the area of our globe. The largest 
of the spots in the figure, including the penumbra, 
measured about the one twenty-first part of the 
‘sun’s diameter ; and its breadth about the 1-54th 
part of the same diameter; consequently the length 
of the spots and penumbra was 41,900 miles, its 
breadth 16,300, and its area 6,829,700,000 square 
miles, which would afford room for ten globes 
as large as the earth to be placed upon 
it. It consisted of a dark spot of a 
longish form, about 12,000 miles in 
length, and two or three smaller spots, 
some of them several thousand miles 
long, all included within one penumbra. 
The smallest spots we can discern on the 
solar disc cannot be much less than five 
or six hundred miles in diameter. 

These spots are subject to numerous 
changes. When watched from day- to 
day, they appear to enlarge or contract, 
to change their forms, and at length to 
disappear altogether, or to break out on 9 
parts of the solar surface where there 
wyere none before. Hevelius observed 
one, which arose and vanished in the 
exace of seventeen hours. Nospot has 
peen known to last longer than one that 
appeared in the year 1676, which con- 
tinued upon the sun above seventy days; 
but it is seldom that any spots last long- 
er than six weeks. Those spots that are 
formed gradually are generally gradual- 
ly dissolved; those which arise suddenly 
are, for the most part, suddenly dissolv- 
ed. Dr. Long, in his “ Astronomy,” 
vol. ii, states, that ““while he was view- 
ing the image of the sun cast through 
a telescope upon white paper, he saw 
oné roundish spot, by estimation not 
much less in diameter than our earth, 
break into two, which immediately re- 
ceded from one another with a prodi- 
gious velocity.”” The Rev. Dr. Wol- 
laston, when viewing the sun with a 
reflective telescope, perceived a similar 
phenomenon. A spot burst in pieces 
while he was observing it like a piece 
of ice, which, thrown upon a frozen 
pond, breaks in pieces‘and slides in va- 
rious directions. On the 11th of Octo- | 
ber, 1833, at 2h. 30’ vp. m., I observed a 
large spot, with several smaller ones be- 
hind it, as represented Fig. 71. Next 
day, at Oh. 30’ pv. m., the small spots 
marked e had entirely disappeared, and 
of them was afterward seen. Each 
spots was more than a thousand miles in diameter, 
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twohours. The spot marked d, near the large 
spot, though at least two or three thousand miles 
in length, disappeared about three days afterward. 
When any spot begins to increase or diminish, 
the nucleus, or dark part, and the penumbra con- 
tract and expand at the same time. During the 
process of diminution, the penumbra encroaches 
gradually upon the nucleus, so that the figure of 
the nucleus and the boundary between it and the 
penumbra are in a.state of perpetual change; and 
it sometimes happens during these variations, that 
the encroachment of the penumbra divides the 
nucleus into two or more parts. ‘These cireum- 
stances show that there is a certain connection be- 
tween the penumbra and the nucleus; yet it is 
observed, that when the spots disappear the pe- 
numbra continues fora short time visible after the 
nucleus has vanished. It is likewise observed 
that the exterior boundary of the penumbra never 
consists of sharp angles, but is: always curvili- 
near, how irregular. soever the outline of the 
nucleus may be. The portions of the sun on 
which spots of any description are perceived lie 
from thirty to fifty degrees on each side of its 


equator. No spots are ever seen about its polar 
Fig. 68. 
‘ North. ee 
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no trace | regions, though I have sometimes seen small spots 
of these |as distant from the equator as sixty degrees. 


Fig. 72 shows the progress of a spot across the 


yet they were all changed in the space of twenty- ' sun’s disc, from its eastern to its western limb, as 
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\ reason of cloudy weather. 
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observed and delineated by Hevelius, in May, 
1644. The figures refer to the number of days 
on which the spot was observed. On the first 
day of the observation, when the spot first ap- 
peared on the eastern limb, it was seen as repre- 
sented at 1; the second day it was not visible, by 
The third, fourth, and 
fifth days it gradually increased in bulk; the sixth 
day it was not seen. On the tenth and following 
days the spot was, vastly increased in bulk, with 
an irregular atmosphere about it and a dark cen- 
tral spot. Figs. 73, 74, 75, 76, are representations 
of spots by Sir W. Herschel. Fig. 75 shows the 
division of a,decaying nucleus or opening, where 
the luminous passage across the opening resem- 
bles a bridge thrown over a hollow. 

Beside the dark spots now described, there are 
other spots which have a bright. and mottled, ap- 
pearance, which were formerly termed facule, 
and which Sir W. Herschel distinguished by the 
terms Nodules, Corrugations, and Ridges. These 
spots are chiefly to be seen near the margin of 
the sun, in the same latitudes in which the other 
spots appear. They appear first on the eastern 
margin, and continue visible for three or four 
days, but are invisible when they arrive near the 
middle of the disc, and when they approach near 
the western limb they are again distinctly visible. 
This circumstance shows that they are ridges or 
elevations, which appear in profile when near the 
limb, but in front or foreshortened when near the 
middle of the disc, so as to become invisible.— 
They are generally seen in the immediate neigh- 
borhood of dark spots, and in the places where 
spots have appeared; and hence, for several years 
past, when any of these facule or ridges have ap- 
peared on the eastern margin, I have uniformly 
been enabled to predict the appearance, of a large 
spot or two within the course of twenty-four or 
thirty hours; and in more than twenty or thirty 
instances I have never been disappointed. These 
facule and ridges present a mottled and waving 
appearance, like that of a country with gentle 
elevations and depressions, and bear a strong re- 
semblance to certain portions of that surface of 
the moon, particularly the more level portions of 
the orb, which present a number of gentle wav- 
ings or elevations and depressions. And as those 
wavings or ridges which appear on the sun are; in 
a clear atmosphere, as distinctly perceptible as 
the rough surface of the moon, they must be ob- 
jects of immense extent and of very great eleva- 
tion, whether they consist of luminous clouds or 
of more dense materials. Some of those spaces 
or ridges have been found to occupy a portion of 
the solar disc equal to seventy-five thousand miles. 
They extend over a large portion of the sun’s sur- 
face, and their shape and position are frequently 
changing. : 

Opinions and Deductions respecting the Nature 
and Constitution of the Sun.— Having described 
the principal phenomena connected with this im- 
mense luminary, we may now consider what con- 
clusions those appearances lead us to deduce re- 


specting its construction and the processes which. 


are going on near its surface. Very vague and 
foolish opinions have been entertained respecting 
the nature of the sun ever since the invention of 
the telescope. It has very generally been con- 
sidered as a vast body of liquid fire; and ina large 
volume now before me, published only about a 
century ago, it is considered as the local place 
of hell. A large map of the sun, copied from the 
delineations of Kircher and Scheiner, is exhibited, 


in which the solar surface is represented as all | 


over covered with flames, smoke, volcanoes, and 
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“great fountains, or ebullitions of fire and light, 
spread thick over the whole body of it; and in 
many places dark spots, representing dens or ca- 
verns, which may be supposed the seats of the 
blackness of darkness.’’* In this. picture the 
smoke and flames are represented as\rising beyond 
the margin of the sun about a ninth part of its 
diameter, or nearly 90,000 miles; a picture as un- 
like the real surface of the sun as the gloom of 
midnight is unlike the splendors of day. But, 
leaving such extravagant and untenable notions, 
even some philosophers have held opinions alto- 
gether incompatible with reason and with the 
phenomena presented by the sun: Galileo, Heve- 
lius, and Maupertius considered the spots as scoria 
floating in the inflammable liquid matter of which 
they conceived the sun to be composed. Others 
have imagined that the fluid which sends forth 
light and heat contains a nucleus or solid globe, 
in which are several volcanoes, like Etna or’ Ve- 
suvius, which from time to time cast forth quanti- 
ties of bituminous matter up to the surface of the 
sun, and form those spots which are seen upon 
it; and that, as this matter is gradually changed 
and consumed by the luminous fluid, the spots 
disappear for a time, but are seen to rise again in 
the same places when those voleanoes cast up new 
matter. Others; again, haye supposed that the 
sun is a fiery luminous fluid, in which several 
opaque bodies of irregular shapes are immersed, 
and that these bodies are sometimes buoyed up or 
raised to the surface, where they appear like spots; 
while others imagine that thisluminary consists of 
a fluid in continual agitation, by the rapid motion 
of which some parts more gross than the rest are 
carried up to the surface in like manner as. scum 
rises on the top of melted metal or anything thatis 
boiling. The futility of all such opinions is obyi- 
ous when we consider attentively all the varieties of 
the solar phenomena, and when we reflect on the 
immense magnitude both of the sun itself and of 
the spots which traverse its surface. What re- 
semblance can there be between such volcanoes as 
Etna and Vesuvius, and spots on the sun 20.00) 
miles in diameter, and several times larger thay, 
the whole earth? between the vast and sublime 
operations going forward in this magnificent globe, 
and “the scum and scoria of melted metal??? We 
err most egregiously when we attempt to compare 
the substances and the puny operations which we 
see around us on the globe we inhabit, with what 
takes place on so stupendous a globe as the sun, 
whose constitution must be so immensely diffe- 
rent from that of the planetary bodies, and from 
everything within the range of our observation 
on this earth. We talk of volcanoes, of scoria, of 
boiling metals, of bituminous matter, of dens, 
and caverns, and. fiery flames in the sun, as if 
they were as common there as with us; whereas 
there is every reason to believe that nothing simi- 
lar to any of these is to be found in the constitu- 
tion of this vast luminary. We might, with as 
good reason, attempt to compare the process of 
vegetation on our globe, and the tides and cur- 
rents of our ocean, with what takes place on the 
surface of Jupiter or on the rings of Saturn. Inall 
such cases, it is most becoming rather to acknow- 
ledge our ignorance than to caricature and de- 
grade the.sublimest works of Omnipotence by 
our puerile explanations and whimsical theories. 
The following are some of the more rational con- 
clusions which have been deduced in reference to 
the constitution of the sun. 





* “An Inquiry into the Nature and Place of Hell.” By 
the Rev. T. Swinden, M. A., Rector of Cuxton, in Kent, 
2d edit., p. 470. London, 1727, 


PHENOMENA OF THE SOLAR SPOTS. 


In the first place, from a variety of observations, 
it is now pretty well determined that the solar 


spots are depressions, and not elevations, and that | 


the black nucleus of every spot is the opaque 
body of the sun seen through an opening in the 
luminous atmosphere with which it is environed. 
This was first ascertained by numerous observa- 
tions made by the late Dr. Wilson, professor of as- 
tronomy in the university of Glasgow. This con- 
clusion is founded on the following facts: When 
any spot is about to disappear behind the sun’s west- 
ern limb, the eastern portion of the umbra first con- 
tracts in its breadth, and then vanishes. The 
nucleus then contracts and vanishes, while the 
western portion of the umbra still remains visible. 
When a spot comes into view on the sun’s eastern 
limb, the eastern portion of the umbra first be- 
comes visible, then the dark nucleus, and then the 
western part of the umbra makes its appearance. 
When two spots are near each other, the umbra 
of the one spot is deficient on the side next the 
other; and when one of the spots is much larger 
than the other, the union of the largest will be 
completely wanting on the side next the small 
one. From various micrometrical estimates and 
calculations in relation to the breadth of the um- 
bra, and the manner of their appearance and dis- 
appearance, the doctor was led to the conclusion 
that the depth of the nucleus or dark part of the 
spots was, in several instances, from 2000 to nearly 
4000 miles. In order to confirm his theory, he 
constructed a globe representing the sun, with 
certain hollows cut out to represent the spots or 
excavations, which were painted black with In- 
dian ink, and the slope or shelving sides of the 
excavations were distinguished from the bright- 
ness of the external surface by a shade of the 
pencil, which increased toward the external bor- 
der, When this artificial sun was fixed in a pro- 
per frame, and examined at a great distance with 
a telescope, the umbra and the nucleus exhibited 
the same phenomena which are observed on the 
real sun.* 

Sir William Herschel, with his powerful tele- 
scopes, made numerous observations on the solar 
spots, and arrived at the same conclusion as Dr. 
Wilson had done, that the dark nucleus of the 
spots is the opaque body of the sun appearing 
through the openings in its atmosphere, and that 
the luminous surface of the sun is neither a liquid 
substance nor an elastic fluid, but luminous or 
phosphoric clouds floating in the solar atmosphere. 
He conceives, from the uniformity of color in the 
penumbra or shallows, that below these’ self-lu- 
minous clouds there is another stratum of clouds 
of inferior brightness, which is intended as a cur- 
tain to protect the solid and opaque body of the 
sun from the intense brilliancy and heat of the 
luminous clouds; and that “the luminous strata 
are sustained far above the level of the solid body 
by a transparent elastic medium, carrying on its 
upper surface, or at some considerably lower level 
within its depth, a cloudy stratum, which, being 
strongly illuminated from above, reflects a consid- 
erable portion of the light to our eyes, and forms 
a penumbra, while the solid body, shaded by the 
clouds, reflects little or none.” 

What, then, are the conclusions which may be 
deduced in regard to the constitution of the sun? 
In the first place, we must admit that, at present, 
we know very little of the nature of this immense 





* See an elaborate paper on this subject by Dr. Wilson, 
in vol. lxiv of the “ Philosophical Transactions ;” and an- 
other, in reply to some objections of La Lande, in the vol- 
ame for 1783. 
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luminary, and of the processes that are going for- 
ward on its surface or in its atmosphere. “For 
there is no similar body with which we are intirn- 
ately acquainted with which we can compare it, 
and which might enable us to form some. definite 
conceptions of” the causes which produce the phe- 
nomena it presents. But, secondly, it appears 
highly probable, if not absolutely certain, that the 
great body of the sun consists of an opaque solid 
globe, most probably diversified with elevations 
and depressions, but of the nature or qualities of 
this interior globe, and the materials of which it 
is composed, we are altogether unacquainted. 
Thirdly, that this opaque globe is surrounded with 
a body of light, which it diffuses throughout the 
planetary system and far beyond it; but whether 
this light consists of phosphoric clouds in perpet- 
ual motion, or how it is produced and kept con- 
tinually in action, is only matter of conjecture. 
But, in whatever it consists, it is pretty evident 
that, it forms a shell or covering around the dark 
body of the sun of several thousand miles in 
thickness. Fourthly, there are stupendous mo- 
tions and operations continually going forward in 
connection with the surface or the luminous at- 
mosphere of this immense body. i 
That extensive and amazing operations and pro- 
cesses are going forward on the surface of the 
sun, or in its immediate vicinity, appears from the 
immense size of both the dark and luminous spots, 
and’ the sudden and. extensive changes to which 
they are frequently subjected. Spots have been 
observed onthe solar disc so large as the one 
twentieth of the sun’s diameter, and, of course, 
44,000 miles in lineal extent, comprising an area 
of one thousand five hundred and twenty millions 
of square miles. Now it is known from observa- 
tion that such spots seldom or never last longer: 
than forty-four days, and, consequently, their 
borders must approach at the rate of at least.a 
thousand miles every day, but in most cases with 
a much more rapid motion. What, then, shall we 
think of the motions and operations by which a 
large spot has beén made to disappear in the 
course of twenty-two hours, as I have sometimes 
observed, yea, which have disappeared in the 
course of a single hour? And what shall we 
think of the process by which a spot as large as 
the earth was broken into two during the moment 
of observation, and made to recede from each 
other, as was observed both by Dr. Long and Dr. 
Wollaston? (See page 79.) How powerful the 
forces, how rapid the motions, and how extensive 
the changes which must have been produced in 
such cases! Whether we consider such changes 
to be produced in the solid globe of the sun, or 
in the luminous atmosphere with which it is en- 
vironed, the scale on which such movements and 
operations must be conducted is immense, and al- 
together overpowering to the imagination. What 
should we think were we to behold the whole of 
the clouds which float in the earth’s atmosphere . 
dissipated in a moment; the continent of America 
detached from its basis and transported across the 
Atlantic; or the vast Pacific ocean, in the course 
of a few days, overwhelming with its billows the 
whole of Asia, Africa, and Europe? . Amazing as 
such changes and revolutions would appear, there 
are, in all probability, operations and changes, 
though of a very different description, taking place 
on the solar surface or atmosphere upon a scale 





of much larger extent. It is found by calculation 
that the smallest space containing a visible area 
which can be distinctly perceived on the sun with 
good telescopes is about 460 miles; and’a circle of 
this diameter contains about 166,000 square miles. 
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Now those ridges or corrugations, formerly termed 
facule, which are seen near the sun’s margin, are 
more than twenty times larger than such a space; 
they evidently appear to be elevations and depres- 
sions on the solar surface, and are almost as dis- 
tinctly perceptible as the wavings and inequalities 
on the surface of themoon. Howimmensely large 
and elevated, then, must such objects in reality be, 
when we perceive their inequalities so distinctly 
at the distance of ninety-five millions of miles! 
The elevated parts of such objects cannot be less 
than several hundreds of miles above the level of 
the valleys or depressions, and extending in length 
several thousands of miles. Yet, sometimes ina 
few days, or, at most, a few weeks, these extensive 
objects are either dissipated or dark spots appear 
in their room. 

It is evident, then, that stupendous powers are 
in action, and vast operations are going on in con- 
nection with this august luminary, far surpassing 
everything within the range of our contemplation 
in this terrestrial sphere, and of which the human 
mind can form no distinct conception.. ‘These 
operations appear to be carried forward in a sys- 
tematic order, and by the regular influence of 
certain physical agents. But what these agents 
are; how they produce their effects; wherein they 
differ in their nature-and properties from the phy- 
sical agents connected with our globe; whether 
they be employed in keeping up a constant efflux 
of light and heat to the worlds which roll around; 
or whether their activities have any relation to in- 
itelligent beings connected with the sun, are ques- 
tions which, in our present state, it is impossible 
to resolve. Butwe can easily conceive that scenes 
of overpowering grandeur and sublimity would 
be presented to view. could we suppose ourselves 
placed in the immediate vicinity of this luminary. 
Were we placed within a hundred miles of the 
solar luminous atmosphere, where the operations 
which we now behold at a remote distance would 
be distinctly perceived, we'should doubtless behold 
a scene of overpowering magnificence and splen- 
dor, and a series of sublime phenomena far sur- 
passing what “eye hath yet seen,” or the mind of 
man can yet conceive. Were we placed within 
this luminous atmosphere, on the solid surface of 
the sun, we should doubtless contemplate a scene 
altogether novel, and still more brilliant and aston- 
ishing. ‘'T'o a spectator in this position an opening 
in the luminous atmosphere several thousands of 
miles in circumference, where none appeared be- 
fore, would be presented to his view, through 
which the stars of heaven might possibly be per- 
ceived; and in a short time this opening would 
gradually close, and he would find himself again 
surrounded with ineffable splendor; while, at the 
same time, he might have a view of the physical 
agents by which these astonishing effects are pro- 
duced. In @ short time another opening of a dif- 
ferent kind would be perceived, and other scenes 
and transformations would be exhibited to ‘the 
view in regular succession. That such scenes 
would actually be exhibited is a natural deduction 
from the theory (which may be considered as es- 
tablished) that the sun consists of a solid globe, 
surrounded with a luminous atmosphere, and that 
Hg spots are the openings in that luminous 

uid. 

It appears, then, that the sun which we daily 
behold is a body of ineffable magnitude and splen- 
dor, and that the most magnificent operations are 
incessantly going forward on its surface or in its 
immediate vicinity. It is, indeed, a kind of uni- 
verse in itself, the magnitude, and extent, and 
grandeur of which, and the vast and sublime 
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.operations connected with its physical constitu- 


wers of the human mind to 
conception. We are destitute 
é thought for enabling us to 
form a comprehe e conception on this subject. 
When we ascend to the top of Mount Etna or 
Mount Blane, and survey the vast group of sur- 
rounding objects which appear around and be- 
neath us when the morning sun illuminates the 
landscape, we behold one of the largest. and most 
expansive objects that can meet our eye in this 
sublunary scene; and we can compare it with 
objects that are smaller and with those that 
are somewhat larger. But the amplitude of 
such a scene extends only to a hundred or a 
hundred and fifty miles in every direction, which 
is less than the least visible point or spot 
which we can perceive on the sun with the 
most powerful telescopes. Were we transport- 
ed to a point five or six thousand miles above 
the surface of the earth, so as to take in nearly at 
one view the whole hemisphere of our giobe; and 
were our eyes to be strengthened so as to be able 
to perceive every part of its surface distinctly, our 
ideas of magnitude would be vastly enlarged, and 
we should be enabled to form more correct and 
comprehensive conceptions than we can now do 
of the still greater magnitudes of many of the 
celestial bodies. But even such an object as the 
whole of the earth’s hemisphere, seen at one com- 
prehensive view, would afford us comparatively 
little assistance in forming an adequate conception 
of such a stupendous globe as the sun; it would 
not equal the idea of magnitude which we ought 
to attach to one of the smaller spots on its surface. 
For the area of the solar surface is twenty-four 
thousand seven hundred times greater; so that 
24,700 scenes equal in magnitude to the hemi- 
sphere of our globe must pass between us in 
review before we could acquire a comprehensive 
and adequate idea of the expansive surface of the 
sun. And were ascene of this description to pass 
before our eyes every two hours, until an extent 
equal to the area of the sun passed under our 
view, and were twelve hours every day allotted 
for the observation, it would require more than 
eleven years before such a rapid survey of this 
vast luminary could be completed. But, as we 
can have no adequate idea of a scene comprehend- 
ing a whole hemisphere of our globe, let us com- 
pare the view from Mount Etna with the ampli- 
tude of the sun. “There is no. point on the 
surface of the globe,’’ says Mr. Brydone, “that 
unites so many awful and sublime objects as the 
top of Etna, and no imagination has dared to 
form an idea of so glorious and magnificent a 
scene. ‘The body of the sun is seen rising from 
the ocean, immense tracts both of sea and land 
intervening; the islands of Pinari, Alicudi, Li- 
pari, Stromboli, and Volcano, with their smoking 
summits, appear under your feet, and you look 
down on the whole of Sicily as on a map, and 
can trace every river through all its windings 
from its source to its mouth. The view is abso- 
lutely boundless on every side, so that the sight 
is everywhere lost in the immensity.” Yet this 
glorious and expansive prospect. is comprised 
within a circle about 240 miles in diameter and 
754 in circumference, containing 45,240 square 
miles, which is only 1-53,776,608th part of the 
surface of the sun; so that fifty-three millions, 
seven hundred and seventy-six thousand land- 
scapes, such as beheld from Mount Etna, be- 
hooved to pass before us before we could contem- 
plate a surface as expansive as that of the sun; 
and if every such landscape were to occupy twa 
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hours in the contemplation, as supposed above, it 
would require twenty-four thousand five hundred 
and fifty-four years before the whole suriace of 
this immense globe could be in this manner sur- 
veyed; and, after all, we should have but a very 
imperfect conception of the solid contents of the 
sun, which contains 356,818,739,200,000,000. of 
cubical miles, which number is 146,670 times 
greater than the number of square miles upon its 
surface. 

What a glorious idea, then, does such an object 
as the sun preseut to us of the Granprur of the 
Deity and the Enrreres of Omnirorence! There 
is no single object within the range of our know- 
ledge that affords a more striking and august 
emblem of its Great Creator. In its luster, in its 
magnitude, in its energy, in its boundless influ- 
ence, and its beneficial effects on this earth and 
on surrounding worlds, there is a more bright 
display of Divine perfection than in any other 
material being with which we are acquainted: 







* Great source of day! best image here below 
Of thy Creator! ever pouring wide 
From world to world, the vital ocean round, 
On Nature write, with every beam, his praise ” 


Could such a magnificent orb have been pro- 
duced by a fortuitous concourse of atoms, and 
placed in its proper position to distribute light 
and attractive influence to the worlds which roll 
around it? Could chance have directed the dis- 
tance at which it should be placed from the 
respective planets, or the size to which it should 
be expanded, in order to diffuse its energies to the 
remotest part of the system? Could chance have 
impressed upon it the laws requisite for sustaining 
in their courses all the bodies dependent upon it, 
or have endowed it with a source of illumination 
which has been preserved in action from age to 
age? ‘T'o affirm such positions would be to un- 
dermine and annihilate the principles of all our 
reasonings. The existence of the sun proves the 
existence of an Eternal and Supreme Divinity, 
and at the same time demonstrates his omnipotent 
power, his uncontrollable agency, the depths of 
his wisdom, and the riches of his beneficence. 
If such a luminary be so glorious and incompre- 
hensible, what must its Great Creator be? If its 
splendor be so dazzling to our eyes, and its mag- 
nitude so overpowering to our imagination, what 
must He be who lighted up that magnificent orb, 
and bade a retinue of worlds revolve around it; 
who “dwells in light inaccessible, to which no 
mortal eye can approach?’ If the sun is only 
one out of many myriads of similar globes dis- 
persed throughout the illimitable tracts of crea- 
tion, how great, how glorious, how far surpassing 
human comprehension must be the plans and the 
attributes of the infinite and eternai Creator! 
“His greatness is unsearchable, and his ways 
past finding out.’ Could we thoroughly com- 
prehend the depths of his perfections or the gran- 
deur of his empire, he would cease to be God, or 
we should cease to be limited and dependent 
beings. But, in presenting to our view such 
magnificent objects, it is evidently his intention 
that we should rise in our contemplations from 
the effect to the cause, from the creature to the 
Creator, from the visible splendors and magnifi- 
cence of creation to the invisible glories of Him 
who sits on the throne of the universe, “‘ whose 
kingdom ruleth over all, and before whom all 
nations are counted as less than nothing and 
vanity.” 

It might here form a subject of inquiry, whether 
there be any reason to believe that the sun is inhab- 
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ited? Most astronomers have been disposed to 
answer this question in the negative. Sir W. 
Herschel, however, and several others, consider it 
as not altogether improbable that the sun is peo- 
pled with rational beings. Viewing this luminary 
as consisting of a dark solid nucleus, surrounded 
by two strata of clouds, the outermost the region 
of that light and heat which is diffused to the 
remotest parts of the system, they conceived that 
the interior stratum was intended to protect the 
inhabitants of the sun from the fiery blaze of the” 


‘sphere of light and heat with which they are 


surrounded. On either side of this question it 
becomes us to speak with diffidence and modesty. 
We ought not to set limits to the wisdom and 
arrangements of the Creator by affirming that 
rational beings could not exist and find enjoyment 
on such a globe as the sun, on account of the 
intensity of light and heat which forever prevails 
in that region. For it is probable that the lumi- 
nous matter that encompasses the solid globe of 
the sun does not derive its splendor from any 
intensity of heat. If this were the case, the parts 
underneath, which are perpetually in contact with 
that glowing. matter, would be heated to such a 
degree as to become luminous and bright, whereas 
we find that they have uniformly a dark appear- 
ance: so that it is possible the interior region of 
the sun may-.be ina state of comparatively low 
temperature. For anything we know to the con- 
trary or can demonstrate, the sun may be one of 
the most splendid and delightful regions of the 
universe, and scenes of magnificence and gran- 
deur may be there displayed far surpassing any- 
thing that is to be found in the planets which 
revolve around it, and its population may as far 
exceed in number that of other worlds as the 
immense size of this globe exceeds that of all the 
other bodies in the system. But, on the other 
hand, we know too little of the nature and con- 
stitution of the sun, and the plans of Divine 
Wisdom, to warrant us to make any positive 
assertions on this point. Although no intelligent 
beings were connected with this great luminary, 
its boundless influence in the planetary system; 
its being the soul and center of surrounding 
worlds; its diffusing light, and heat, and genial 
influences of various kinds, to all the tribes of 
their inhabitants; and its cementing them all by 
its attractive energy in one harmonious system, 
are reasons sufficient for the creation of this vast 
globe, without the influence of which perpetual 
darkness would ensue, the planets would start 
from their spheres, and the whole system soon 
become one universal wreck. 

It is owing to the existence of the.sun that our 
globe is a habitable world and productive of en- 
joyment. Almost all the benign agencies which 
are going forward in the atmosphere, the waters, 
and the earth, derive their origin from its power- 
ful and perpetual iufluence. Its light diffuses 
itself over every region, and produces all that diver- 
sity of coloring which enlivens and adorns the 
landscape of the world, without which we should 
be unable to distinguish one object from another. 
By its vivifying action, vegetables are elaborated 
from inorganic matter, the sap ascends through 
their myriads of vessels, the flowers glow with 
the richest hues, the fruits of autumn are matured, 
and become, in their turn, the support of animals 
and of man. By its heat the waters of the rivers 
and the ocean are attenuated and carried to the 
higher regions of the atmosphere, where they cir- 
culate in the form of vapor until they again de- 
scend in showers,to supply the sources of the 
rivers and to. fertilize the soil. By the same 
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agency all winds are produced, which purify the 
atmosphere by keeping it in perpetual motion, 
which propel our ships across the ocean, dispel 
noxious vapors, prevent pestilential effluvia, and 
rid our habitations of a thousand nuisances. By 
its attractive energy the tides of the ocean are 
modified and regulated, the earth conducted 
in its annual course, and the moon sustained 
and directed in her motions. Its influence 
descends even to the mineral kingdom, and is felt 
‘in the chemical compositions and decompositions 
of the elements of nature. ‘The disturbances in 
the eleetric equilibrium of the atmosphere, which 
produce the phenomena of thunder, lightning, 
and rain, and the varieties of terrestrial magnetism ; 
the slow degradation of the solid constituents of 
the globe and their diffusion among the waters of 
the ocean, may all be traced, either directly or 
indirectly, to the agency of the sun. It illumi- 
nates and cheers all the inhabitants of the earth 
from the polar regions to the torrid zone. When 
its rays gild the eastern horizon after the darkness 
of the night, something like a new creation ap- 
pears. The landscape is adorned with a thousand 
shades and colors; millions of insects awake and 
bask in its rays; the birds start from their slum- 
bers, and fill the groves with their melody ; the 
flocks and herds express their joy in hoarser accla- 
mations ; ‘man goeth forth to his work and to 
hislabor;’’all naturesmiles, and “ the hills rejoice 
on every side.” Without the influence of this 
august luminary, a universal gloom would ensue, 
and surrounding worlds, with all their trains of 
satellites, would be shrouded in perpetual dark- 
ness. Thisearth would become a lifeless mass, a 
dreary waste, a rude lump of inactive matter, 
without beauty or order. No longer should we 
behold the meadows clothed with verdure, the 
flowers shedding their perfumes, or “ the valleys 
covered with corn.’”? The feathered songsters 
would no longer chant their melodious notes ; all 
human activity would cease; universal silence 
would reign undisturbed, and this huge globe of 
land and water would return to its original chaos. 

Hence it appears that there is a sufficient reason 
for the creation of this powerful luminary, 
although no,sensitive or intelligent beings of any 
dewariptgbers placed on its surface. But, at 
the same time, when we consider the infinite wis- 
dom and intelligence of the Divine mind, and that 
the thoughts and the ways of God as far surpass 
the thoughts of man as the heavens in hight sur- 
pass the earth ; when we consider that animated 
beings on our own globe are found in situations 
where we should never have expected them ; that 
every puddle and marsh, and almost every drop 
of water, is crowded with living beings; and that 
even the very viscera in the larger animals can 
afford accommodation for sentient existence, it 
would be presumptuous in man to affirm that the 
Creator has not placed innumerable orders of sen- 
tient and intelligent beings, with senses and 
constitutions accommodated to their situations, 
throughout the expansive regions of the sun. 

It has been a question which has exercised the 
attention of some astronomers, whether the solar 
phenomena have any effect upon the weather, or the 
productiveness of our seasons, Sir W. Herschel 
was of opinion, that when the corrugations and 
openings of the solar atmosphere are numerous, 
the heat emitted by the sun must be proportiona- 
bly inereased, and that this augmentation must 
he perceptible by its effects on vegetation ; and, 
by comparing the solar appearances as given by 
La Lande with the table of the price of wheat in 
Smith’s ‘Wealth of Nations,” he obtained results 
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which he considered as favorable to his hypothe- 
sis. But it is t that we are not yet in pos- 
session of suc es of facts in relation to this 
subject as w t us to draw any general 


conclusions. — 2, we know too little of the 
construction o un, and the nature of those 
processes which are going on in its atmosphere, to 
be able to determine the proportion of light and 
heat which particular phenomena indicate. So 
far as my own observation goes, I should be dis- 
posed to adopt an opposite conclusion, namely, 
that in those years when the spots of the sun are 
numerous, the seasons are colder and more unpro- 
ductive of vegetation. This was remarkably the 
case in the year 1816, when the solar spots were 
extremely numerous, and when the harvest was 
so late and scanty, that the price of all kinds of 
grain was more than double what it had been be- 
fore or what it has been since. The year 1836, 
and the present year, 1837, afford similar exam- 
ples ; for, during eighteen months past, the solar 
spots have been more numerous than in any other 
period in my recollection; and the cold of the 
summer and harvest of 1836, and of the winter 
and spring of 1837, and its unfavorable effects on 
vegetation, were greater than what had been 
experienced for more than twenty years before. 
But on this point we are not yet warranted te 
draw any positive conclusions. Before we can 
trace any general connection between the solar 
spots and the temperature and vegetation of our 
globe in any particular season, we must endeavor 
to ascertain the effects produced on vegetation not 
only in two or three particular countries which 
lie adjacent to each other, but over all the regions 
of the earth. It may be proper to direct our 
future observations to this point, as they might. 
probably lead to some important results ; but a 
considerable period behooved to elapse before 
we could be warranted to deduce any definite 
conclusions. 

Whether the sun has a progressive motion in abso- 
lute space is another question which has engaged 
the attention of astronomers. If the sun have 
such a motion directed to any quarter of the hea- 
vens, the stars in that quarter must apparently 
recede from each other, while those in the oppo- 
site region will seem gradually to approach. Sir 
W. Herschel found that the apparent proper mo- 
tion of forty-four stars out of fifty-six are very 
nearly in the direction which should result from 
a motion of the sun toward the constellation 
Hercules, or to a point of the heavens whose right 
ascension is 250° 521¢', and north declination 
49° 38’. “No one,’ says Sir John Herschel, 
“who reflects with due attention on the subject, 
will be inclined to deny the high probability, nay, 
certainty, that the sun has a proper motion in 
some direction.”” But it appears to be yet unde- 
termined by modern astronomers to what point in 
the heavens this motion is directed, and whether 
it’be in a straight line or in a portion of the cir- 
cumference of an immense cirele. If the sun, 
then, has a proper motion in space, all the plane- 
tary bodies and their satellites, along with the 
comets, must partake of it; so that, beside their 
own proper motions around this luminary, they 
are likewise carried along with the sun through 
the depths of infinite space with a velocity per- 
haps as great as that with which they are carried - 
round in their orbits. Our earth will therefore 
partake of three motions: one round its axis, 
another round the sun, anda third in the direction 
in which the sun is moving, and, consequently, it 
is probable that we shall never again occupy that 
portion of absolute space through which we ara 
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now passing throughout all the succeeding periods | 
of eternity. ; 

Fhe Zodiacal Light—The Zodi 
phenomenon which has bee 
as connected with the sun. 2 light appears’ to 
have been noticed .by Mr. drey about the 
year 1660; but it was afterward more particularly 
noticed and described by Cassini in the spring of 
1683, which was the first time he had seen it, and 
he observed it for about eight days. It appears 
generally in a conical form, having its base direct- 
ed toward the body of the sun and its point to- 
ward some star in the zodiac. Its light is like the 
milky way, or that of the faint twilight, or the 
tail of a comet, thin enough to let the stars be 
seen through it, and seems to surround the sun in 
the form of a lens, the plane of which is nearly 
coincident with the plane of the sun’s equator.— 
The apparent angular distance of its vertex from 
the sun, varies from 40 to 90 degrees, and the 
breadth of its base, perpendicular to its axis, from 
8 to 30 degrees. It is supposed to extend beyond 
the orbit of Mercury, and even as far as that of 
Venus, but never'so far as the orbit of the earth. 
This light is weaker in the morning when day is 
coming on than at night when darkness is increa- 
sing, and it disappears in full moonlight or in 
strong twilight. In north latitudes it is most con- 
spicuous after the evening twilight about the end 
of February and the beginning of March; and 
before the appearing of the morning twilight, 
about the beginning of October; for at those 
times it stands most erect above the horizon, and 
is therefore farthest removed from the thick va- 
pors and the twilight. About the time of the 
winter solstice it may likewise be seen in the 
mornings; but it is seldom perceptible in summer 
on account of the long twilights. It is more 
easily and more frequently perceived in tropical 
climates, and particularly near the equator, than 
in our country, because in those parts the obliqui- 
ty of the equator and zodiac to the horizon is less, 
and because the duration of twilight is much 
shorter. Humboldt observed this light at Caraccas, 
on the 18th of January, after seven o’clock in the 
evening. The point of the pyramid was at the 
hight of 53 degrees; and the light totally disap- 
peared about half past nine, about 334 hours after 





PLANETS OR MOONS, 


85 
50 degrees. The following figure exhibits a view 
of this phenomenon as it is seen about the begin- 
ning of March, at seven o’clock in the evening, 


| Fig. 77. 
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when the twilight is ending, and, the equinoctial 
point in the horizon. A B represents the hori- 
zon ; CD the base of the luminous triangle ; and 
E its apex, pointing toward the Pleiades or the 
star Aldebaran, its axis forming an angle of be- 
tween 60 and 70 degrees with the horizon. . 
Various opinions have been entertained as to 
‘the cause of this phenomenon; but as it uniformly 
accompanies the sun, it has heen generally ascribed 
to an atmosphere of immense extent surrounding 
that luminary, and extending beyond the orbit of 
Mercury. According to this opinion, the zodiacal 
light is considered as a section of this atmosphere; 
but this opinion now appears extremely dubious. 
Professor Olmsted, of Yale College, the celebrated 
Arago, Biot, and others, are now disposed to iden- 
tify this phenomenon with the cause that pro- 
duces the “ November Meteors,”’ or shooting stars. 
which have, of late, excited so great a degree of 
public attention. It appears highly probable that 
these meteors derive their.origin from a nebulous 
body which revolves round the sun, and which, 
in certain parts of its course, comes very near the 
orbit of the earth, so as to be within its attractive 
power; and if such a body be the source whence 
these meteors proceed, it may also account for the 
phenomena of the zodiacal light. The subject is 
worthy of particular attention, and future obser- 





sunset, without any diminution in the serenity of 
the sky. On the 15th of February it disappeared 
2 hours and 50 minutes after sunset, and the alti- 
tude of the pyramid on both these occasions was 


CHAPT 


ON THE SECONDARY 


Havine, in the preceding chapter, given a de- 
tailed account of the phenomena connected with 
the sun and the primary planets of our system, I 
shall now proceed to a brief description of what 
is known in reference to the satellites or moons 
which accompany several of the primary planets. 

A secondary planet or satellite is a body which 
revolves around a primary planet as the center of 
its motion, and which is at the same time carried 
along with its primary round the sun. The satel- 
lites form.a system, in connection with their pri- 
maries, similar to that which the planets form in 





vations may not only throw light on this particu- 
lar phenomenon, but open to our view a species 
of celestial bodies with which we were formerly 
unacquainted. 


ER IY. 


PLANETS OR MOONS. 


connection with the sun. They revolve at dif- 
ferent distances from their primaries; they are 
regulated according to the laws of Kepler for- 
merly alluded to; their orbits are circles or ellipses 
of very moderate eccentricity; in their motions 
around their primaries they describe areas very 
nearly proportional to the times; and the squares 
of the periodical times of all the satellites belong- 
ing to each planet are in proportion to each other 
as. the cubes of their distances (see page 23). 
The planets around which satellites have been 
discovered, are, the earth, Jupiter, Saturn, and 
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Uranus. Of the satellites belonging to these 
bodies I shall present a brief sketch in the order 
in which they are here mentioned. 


I. OF THE EARTH’S SATELLITE, OR THE MOON. 


Before proceeding to a particular description of 
this nocturnal luminary, I shall present a brief 
sketch of its apparent motions. : 

The moon, like all the other celestial bodies, 
appears daily to rise in an easterly direction, and 
to set in the western parts of the horizon. Its 
apparent motion in this respect is similar to that 
of the sun, formerly described, and is owing to 
the diurnal motion of the earth. Its real motion 
round the earth is in a. contrary direction, namely, 
from west to east, or in the same direction in 
which all the planets move round the sun. ‘This 
motion may be traced every lunation, but more 
distinctly daring the spring months, when the 
moon, in the first quarter, appears in a high 
degree of north, declination, and when its crescent 
is sometimes visible within thirty-six hours of the 
change. About this period, on the second or 
third day of the moon’s age, it will be seen in the 
west after sunset at a small elevation above the 
norizon, and exhibiting the form of a slender 
crescent. On the next evening it will appear at 
a still higher elevation at the same hour, having 
moved about thirty degrees farther to the east, 
and its crescent will appear somewhat larger. 
Every sueceeding day it will appear at a greater 
alevation, and farther to the east than before, and 
its crescent will appear larger, until about the 
seventh or eighth day, when it will be seen in the 
south when the sun is setting in the west, at which 
time it assumes the appearance of a semicircle, or 
half moon. During this period the horns of the 
crescent point toward the east, the enlightened 
part of the lunar disc being turned toward the 
sun. After the first quarter, or the period of 
half moon, the lunar orb still keeps on its course 
to the eastward, and the portion of its enlightened 
dise is gradually enlarged, until about the fifteenth 
day of the moon’s age, when it appears as a full 
enlightened hemisphere, and rises in the east 
about the time when the sun is setting in the 
west. In this position it is said to be in opposition 
to the sun, and passes the meridian about mid- 
night. After this period the enlightened part of 
its disc gradually diminishes, and it rises at a late 
hour, until, in the course of seven days, it is again 
reduced to a semicircle, and is seen only during 
one half of the night. Some nights after it 
appears reduced to a crescent, having its points 
or horns turned toward the west, the sun being 
then to the east of it. After thisit rises but-a little 
time before the sun, and is seen only early in the 
morning; and its crescent daily diminishes until it 
at length disappears, when it rises at the same time 
with the sun; and after having been invisible for 
two or three days, it reappears in the evening in the 
west a little after sunset. During this period the 
moon has made a complete circuit round the 
heavens from west to east, which is accomplished 
in twenty-nine days and a half, in which period 
it passes through all the phases now described. 
The progressive motion from west to east, every 
day, may be traced by observing the stars which 
lie nearly in the line of the moon’s course. If a 
star be observed considerably to the eastward of 
the moon on any particular evening, on the fol- 
lowing evening it will appear about thirteen de- 
grees nearer the star, and will afterward pass to 
the eastward of it, and every succeeding day will 





approach nearer to all the other stars which lie 
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near the line of its course to the eastward. The 
reason why the moon appears under the different 
de ‘ib “ie appear from the fol- 







S represents the sun; EZ the 


earth; and M C, D, F, G, H, the moon in 


different positions in its orbit round the earth. 
When the moon is at M, as seen from’ the earth, 
her dark side is completely turned to the earth; 
and she is consequently invisible, as at J, being 


Fig. 78. 





nearly in the same part of the heavens with the 
sun. She isin this position at the period termed 
new moon, when she is also said to be in conjunc- 
tion with the sun. When she has moved from M 
to Aasmall part of her enlightened hemisphere 
is turned toward the earth, when she appears in 
the form of a crescent, as at K. In moving from 
A to B a larger portion of her enlightened hemi- 
sphere is gradually turned toward the earth; and 
when she arrives at B the one-half of her en- 
lightened hemisphere is turned to the earth, and 
she assumes the figure of a half moon, as at L. 
When arrived at C she appears under what is 
called a gibbous phase, as at V, more than one- 
half of her enlightened disc being turned to the 
earth. At D her whole enlightened hemisphere 
is turned to our view, and she appears a full 
moon, asat O. After this period she again de- 
creases, turning every day less and less of her 
enlightened hemisphere to the earth, so that at F 
she appears as at P; at Ga half-moon on the 
decline, as at Q; at H a crescent, as at R; and at 
M she is again in conjunction with the sun, when 
her dark side is turned to the earth as before. 
The moon passes through all these changes in 
twenty-nine days, twelve hours, and forty-four 
minutes, at an average, which is termed hor 
synodical revolution. But the time which she 
takes in making one révolution round the earth, 
from a fixed star to the same again, is only twenty- 
seven days, seven hours, and forty-three minutes, 
which is called her periodical revolution. For, 
after one revolution is finished, she has a small 
are to describe in order to get between the sun 
and the earth; because, in consequence of the 
carth’s motion in the same direction, the sun 
appears to be advancing forward in tho eclip- 
tic, and, of course, the moon requires some 
time to overtake him, after having finished a 
revolution. This surplus of motion occupies 
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two days, five hours, and one minute, which, 
added to the periodical, make the synodical revo- 
lution, or the period between one new or full 
moon and another. This might be illustrated by 
the revolution of the hour and minute-hands of 
a watch or clock. Suppose the hour-hand to 
represent the sun, and a complete revolution of 
it to represent a year; suppose the minute-hand 
to represent the moon, and its circuit round the 
dial-plate a month, it is evident that the moon or 
minute-hand must go more than round the circle 
where it was last conjoined with the sun or hour- 
hand before it can again overtake it. If, for ex- 
ample, they were in conjunction at 12, the mi- 
nute-hand or moon must make a complete revo- 
lution and above one-twelfth before they can 
meet, a little past I; for the hour-hand, being in 
motion, can never be overtaken by the minute- 
hand at that point from which they started at 
their last conjunction. , 
To a spectator placed on the lunar surface, the 
rth would every month exhibit all the phases of 
e moon, but in a reverse order from what the 
moon exhibits to the earth at the same time. Thus 
(Fig. 78), when the moon is at D only the dark 
hemisphere of the earth is turned toward the 
moon, and, consequently, the earth would be then 
invisible; so that when it is full moon to us, it 
is new moon toa lunar inhabitant; as the earth 
will then be in conjunction with the sun, and 
nothing but its dark hemisphere presented to view. 
When the moon is at Pa small portion of the 
enlightened half of the earth is turned toward the 
moon, and it appears as a crescent. When she is 
at Q the earth appears as a half-moon; when at 
R,a gibbous phase; and when she is at I, the time 
of new moon to us, the earth then shines on the 
dark side of the moon with a full enlightened 
hemisphere. It is owing to this circumstance, 
that when the new moon first appears like a slen- 
der crescent, her dark hemisphere is seen illu- 
minated with a faint light, perceptible even to the 
naked eye; and with the help of a telescope we 
are enabled, by this faint illumination, to distin- 
guish the prominent spots on this portion of the 
lunar disc. This faint light, therefore, is nothing 
else than the moonlight of the moon, produced by 
the earth shining with nearly a full face upon the 
dark surface of the moon. And as the surface of 
the earth is thirteen times larger than the surface 
of the moon, the light reflected from the earth 
will be nearly equal to. that of thirteen full moons. 
As the age of the moon increases, this secondary 
light is: gradually enfeebled, and after the seventh 
or eighth day from the change it is seldom visible. 
This arises from the diminution of the enlightened 
part of the earth, which then appears only like a 
half-moon, approaching to a crescent, and conse- 
quently, throws a more feeble light upon the 
moon, which is the more difficult to be perceived 
as the enlightened part of the moon increases. 
Rotation of the Moon.—While the moon is per- 
forming her revolution round the earth every 
month, she is also gradually revolving round her 
axis; and it is somewhat remarkable that her 
revolution round her own axis is performed in the 
same time as her revolution round the earth. This 
is inferred from the circumstance that the moon 
always turns the same face to the earth, so that we 
never see the other hemisphere of this globe. For 
if the moon had no rotation upon an axis, she 
would present every part of her surface to the 
earth. This does not, at first sight, appear obvious 
to those who have never directed their attention 
to the subject. Any one, however, may convince 





himself of the fact by standing in the center of a! 
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circle, and causing another person to carry round 
a terrestrial globe, without turning it on its axis, 
when he will see every part of the surface of the 
globe in succession; and in order that one hemi- 
sphere only should be presented to his view, he 
will find that the globe will require to be gradually 
turned round its axis, 80 as to make a complete 
rotation during the time it is carried round the 
circle. The axis of the moon is inclined 88° 29’ 
to the ecliptic, so that it is nearly perpendicular 
to it. Although the moon presents nearly the 
same side to the earth in all its revolutions around 
it, yet there is perceived a certain slight variation 
in this respect. When we look attentively at the 
disc of the moon with a telescope, we sometimes 
observe the spots on her eastern limb, which were 
formerly visible concealed behind her disc, while 
others appear on her western limb which were 
not seen before, The spots which appear on the 
western limb withdraw themselves behind the limb, 
while the spots which were concealed behind the 
eastern limb again appear. Thesame phenomena 
are observed in the north and south limb of the 
moon, so that the spots sometimes change their 
positions about three minutes on the moon’s disc, 
or about the eleventh part of her diameter. This 
is termed the libration of the moon; the one her 
libration in longitude, and the other her libration 
in latitude. é } 

From what we have stated above in relation to 
the phases and motions of the moon, it is evident 
that the moon is @ dark body, like the earth, and 
derives all its light from the sun, for its enlighten- 
ed side is always turned toward that luminary. It 
likewise derives a faint light by the reflection of 
the sun’s rays from the earth, im the same way as 
we derive a mild light from the:moon. And as 
the earth has an uneven surface, composed of 
mountains and vales, so the moon is found to be 
diversified with similar inequalities. It is owing 
to these inequalities, or the roughness of the 
moon’s surface, that the light of the sun is reflect- 
ed from it in every direction; for, if the surface of 
the moon were perfectly smooth, like a polished 
globe or speculum, her orb would be invisible to 
us; except, perhaps, at certain times, when the 
image of the sun, reflected from it, would appear 
like a bright lucid point.’ This may be illustrated 
by the following experiment. Place a silver globe, 
perfectly polished, about two inches diameter, in 
the sun; the rays which fall upon it being reflect- 
ed variously, according to their several incidences, 
upon the convex surface, will come to our eye 
only from one. point of the globe, which will 
therefore appear a small bright spot, but the rest 
of the surface will appear dark, Let this globe 
then be boiled in the liquor used for whitening 
silver, and placed in the sun; it will appear in its 
full dimensions all over luminous; for the effect 
of that liquor is to take off the smoothness of the 
polish, and make the surface, rough, and then 
every point of it will reflect the rays of light in 
every direction. 

The moon is nearest to the earth of all the ce- 
lestial bodies, and is a constant attendant upon it 
at all seasons. Her distance from thé center of 
the earth is, in round numbers, 240,000 miles, or 
somewhat less than'a quarter of a million; which 
is little more than the fourth part of the diameter 
of the sun, Small as this distance is compared 
with that of the other planets, it would require 
five hundred days, or sixteen months and a half, 
for a steam-carriuge to move over the interval 
which separates us from the lunar orb, although it 
were moving day and night at the rate of twenty 
miles every hour. In her motion round the earth 
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every month, she pursues her course at,the rate 
of 2300 miles an hour. But she*is carried at the 
same time, along with the earth, round the sun 
every year, so that her real motion in space is 
much more rapid than what has now been stated; 
or while she accompanies the earth in its motion 
round the sun, which is at the rate of 68,000.miles | 
an hour, she also moves thirteen times round the 
earth during the same period, which is equal to a 
course of nearly twenty millions of miles. 

The moon’s orbit is inclined to the ecliptic in; 
an angle of 5° 9’; so that, in’ one part of her; 
course, she is above, and in another below the 
level of the earth’s orbit. It is owing to this cir- 
cumstance that this orb is not eclipsed at every 
full moon and the sun at every new moon, which 
would regularly happen did the moon move in an 
orbit exactly coincident with the plane of the, 
ecliptic. 'The moon’s orbit, of course, crosses the | 
orbit of the earth in two opposite points, called 
her nodes; and itis only when the new or full 
moon happens at or near these nodes that an 
eclipse of the sun or moon can take place; for it 
is.only when she is in such a position that the 
sun, the moon, and the earth are nearly in a 
straight line, and that the shadow of the one can 
fall upon the other. The shadow of the moon 
falling upon auy part of the earth produces an 
eclipse of the sun, and the shadow of the earth 
falling upon the moon causes an eclipse of the 
moon. An eclipse of the moon can only take 
place at full moon, when the earth is between the 


Fig. 79. 





sun and the moon; and an eclipse of the sun can 
only happen at new moon, when the moon comes 
between the sun and the earth. Lunar eclipses 
are visible in all parts of the earth which have the 





moon above their hor'zon, and are evervwhere of 
the same magnitude and duration; but a solar 
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eclipse is never. seen throughout the whole hemi- 
sphere of the earth where the sun is visible; as 
the moon’s disc is'too small te hide the whole, or 
any part of thdbon from the whole dise or hemi- 
sphere of the earth. Nor does an eclipse of the 
sun appear the same in all parts of the earth where 
it is visible, but when in one place it is total, in 
another it is only partial. 

The moon’s orbit, like those of the other planets, 
is in the form of an ellipse, the eccentricity of 
which is 12,960 miles, or about 1-37th part of its 
longest diameter. The moon is, therefore, at dif- 
ferent distances from the earth in different parts 
of her orbit. When at the greatest distance from 
the earth, she is said to be in her apogee; when at 
the least distance, in her perigee. The nearer the 
moon is to the periods of full or change, the greater 
is her velocity; and the nearer to the quadratures, 
or the periods of half-moon, the slower she moves. 
When the earth is in its perihelion, or nearest the 
sun, the periodical time of the moon is the great- 
est. The earth is at its perihelion in winter, andy 
consequently, at that time the moon will deseri' 
the largest circle about the earth, and her periodi- 
cal time will be the longest; but when the earth 
is in its aphelion, or farthest from the sun, which 
happens in summer, she will describe a smaller 
circle, and her periodical time will be the least; all 
which circumstances are found to agree with 
observation. ‘These and many other irregularities 
in the motion of this orb, which it would be too 
tedious to particularize, arise from the attractive 
influence of the sun upon the lunar orb in differ- 
ent circumstances and in different parts of %ts 
course, so as to produce different degrees of 
accelerated and retarded motion. The irregulari- 
ties of the moon’s motion have frequently puzzled 
astronomers and mathematicians, and they render 
the calculations of her true place in the heavens 
a work of considerable labor. No less than thirty 
equations require to be applied to the mean longi- 
tude in order to obtain the true, and about twenty- 
four equations for her latitude and parallax; but 
to enter minutely into such particulars would 
afford little satisfaction to general readers, 

Description of the surface of the Moon, as seen 
through telescopes.—Of all the celestial bodies, the 
telescopic view of the moon presents the most in- 
teresting and variegated appearance. We per- 
ceive, as it were, a map or model of another 
world, resembling in some of its prominent fea- 
tures the world in which we dwell, but differing 
from it in many of its minute arrangements. It 
bears a certain analogy to the earth in some of the 
mountains and vales which diversify its surface; 
but the general form and arrangement of these 
elevations and depressions, and the scenery they 
present to the spectator on the lunar surface, are 
very different from what we behold in our terres- 
trial landscapes. When we view the moon with 
a good telescope when about three days old, we 
perceive a number of elliptical spots with slight 
shadows, evidently indicating elevations and de- 
pressions; we also perceive a number of bright 
specks or studs in the dark hemisphere, imme- 
diately adjacent to the enlightened creseent, and 
the boundary between the dark and the enlight- 
ened portion of the dise appears jagged and un- 
even. At this time, too, we perceive the dark 
part of the moon covered with a fuint light; so 
that the whole circular outline of the lunar hemi- 
sphere may be plainly discerned. When we take 
a view of the lunar surface, at the period of half 
moon, we behold a greater variety of objects, and 
the shadows of the mountains and caverns appear 
larger and more prominent. This is, on the 
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whole, the best time for taking a telescopic view 
of the surface of the moon. When we view her 
when advanced to a gibbous phasé we see a still 
greater extent of the surface, but the shadows of 
the different objects are shorter and less distinct. 
At the time of full moon, no shadows either of 
the mountains or caverns are perceptible, but a 
variety of dark and bright streaks and patches 
appear distributed in different shapes over all its 
surface. If we had no other view of the moon 
but at this period, we should scarcely be able to 
determine whether mountains and vales existed 
on this orb. The view of the full moon, there- 
fore, however beautiful and variegated, can give 
us no accurate idea of the mountains, vales, cav- 


. erns, and other geographical arrangements which 


diversify its surface. 

Lunar Mountains—That the surface of the 
moon is diversified with mountains or high ele- 
vations, is evident from an inspection of its 
disc, even with a common telescope. They are 
penis from various circumstances. 1. From 

appearance of the boundary which separates 
the dark from the enlightened hemisphere of the 
moon. This boundary is not a straight line ora 
regular curve, as it would be if the moon were a 
perfectly smooth globe, but uniformly presents an 
uneven or jagged appearance, cut, as it were, into 
‘numerous notches and breaks somewhat resem- 
bling the teeth of a saw, which appearance can 
only be produced by elevations and depressions on 
the lunar surface (Fig. 79). 2. Adjacent to the 
boundary between light and darkness, and within 


the dark part of the moon, there are seen, in al- | 


most every stage of the moon’s increase and de- 
crease, a number of shining points like stars, com- 
pletely separated from the enlightened parts, and 
sometimes other small spaces or streaks which 
join to the enlightened surface, but run out into 
the dark side, which gradually change their figure 
until at length they come wholly within the en- 
lightened boundary. These shining points or 
streaks are ascertained to be the tops or highest 
ridges of mountains which the sun first enlightens 
before his rays can reach the valleys; just as the 
beams of the rising sun irradiate our mountain 
tops before the lower parts of the landscape are 
enlightened. 3. The shadows of the mountains, 
when they are fully enlightened, are distinctly 
seen near the border of the illuminated part of the 
moon, as the shadows of elevated objects are seen 
on the terrestrial landscape. These shadows are 
longest and most distinctly marked about the 
time of half-moon; and they grow shorter as the 
lunar orb advances to the period of full moon, in 
the same way as the shadows of terrestrial objects 
in summer graduaily shorten as the sun approaches 
the meridian. ‘These considerations demonstrate, 
beyond the possibility of doubt, that mountains 
of very considerable altitude and in vast variety 
of forms abound in almost every region of the 
moon. 

The lunar mountains in general exhibit an ar- 
rangement and an aspect very different from the 
mountain scenery of our globe. They may be ar- 
ranged into the four following varieties: 1. Insu- 
lated mountains, which rise from plains nearly 
level, like a sugar-loaf placed on a table, and 
which may be supposed to present an appearance 
somewhat similar to Mount Etna or the peak of 
Teneriffe. The shadows of these mountains, in 
certain phases of the moon, are as distinctly per- 


ceived as the shadow of an upright staff when 


placed opposite to the sun; and their hights can 


be calculated from the length of their shadows. 


phe hights and the length of the base of more 
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than seventy of these mountains have been cal- 
culated by M Schroeter, who had long surveyed 
the lunar face with powerful telescopes, and who 
some time ago published the result of his observa- 
tions in a work entitled ‘‘ Fragments of Selenogra- 
phy.” Thirty of these insulated mountains are 
from 2 to.5 miles in perpendicular hight; thirteen 
are above 4 miles; and about forty are from a quar- 
ter of a mile to two miles in altitude. The length 
of their bases varies from 314 to 96 miles in extent. 
Some of these mountains will present a very grand 
and picturesque prospect around the plains on 
which they stand. 2. Ranges of mountains, ex- 
tending in length two or three hundred miles. 
These ranges bear a distant resemblance to our 
Alps, Apennines, and Andes, but they are much 
less in extent, and do not 
form avery prominent fea- 
ture of the lunar surface. 
Some of them appear very 
rugged and precipitous, 
and the highest ranges are, 
in some places, above four 
miles in perpendicular al- 
titude. In some instan- 
ces they run nearly in a 
straight line from north- 
east to south-west, as in 
that range called the Ap- 
ennines; in other cases 
they assume the form of a boty pene 
semicircle or a crescent. 3. Another class of the 
lunar mountains is the circular ranges which ap- 
pear on almost every part of the moon’s surface, 
particularly in its southern regions. This is one 


Fig. 80. 








Fig. 81. 




































































































































































































































































































































































































































































of the grand peculiarities of the lunar ranges, to 
which we have nothing similar in our terrestrial ar- 
rangements. A plain, and sometimes a large cavity, 
is surrounded with a circular ridge of mountains, 
which encompasses, it like a a 

mighty rampart. These an- Fig. 82. 
nular ridges and plains are of 
all atmensions, from a mile to 
forty or fifty miles in diam- 
eter, and are to be seen in 
great numbers over every re- 
gion of the moon’s surface. 
The mountains which form 
these ridges are of different 
elevations, from one-fifth of a 
mile to 3!4 miles in altitude, 
and their shadows sometimes 
cover the one-half of the plain. 
These plains are sometimes on a level with the 
general surface of the moon, and in other cases 
they are sunk a mile or more below the level of the 
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ground which surrounds the exterior circle of the 
mountains. Insome of these circular ridges I have 
éd a narrow pass or opening, as if intended 
to form an easy passage or communication between 
the interior plain and the regions beyond the ex- 
terior of the mountains. 4. The next variety is the 
central mountains, or those which are placed in the 
middle of circular plains, In many of the plains 
and cavities surrounded by annular mountains 
there is an insulated mountain, which rises from 
the center of the plain, and whose shadow some- 
times extends, in a pyramidal form, across the semi- 
diameter of the plain to the opposite ridges. 
These central mountains are generally from half 
a mile to a mile and a half in perpendicular alti- 
tude. In some instances they have two and 
sometimes three separate tops, whose distinct 
shadows can be easily distinguished. Sometimes 
they are situated toward one side of the plain or 
cavity, but, in the great majority of instances, 
their position is nearly or exactly central. The 
lengths of their bases vary from five to about 
fifteen or sixteen miles. 
The preceding figures may perhaps convey a 
rude idea of somé of the objects now described; but 


Fig. 83. 
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in the same direction. Fig. 82 exhibits another 


of these circular ridges and plaints iiggersl hun- 
| pl 


dreds of these circular cavities an are dis- 

tributed over the lunar surface, but they are most 
abundant in the southern regions. 

\ Fig. 83 exhibits a pretty correct view of the: full 

moon, as seen through a telescope magnifying 
above a hundred times, in which the darker shades 
represent, for the most part, the level portions of 

the moon’s surface, and the lighter shades those 

which are more elevated or mountainous. The. 
bright spot near the bottom, from which streaks 

or streams of light seem to proceed, is called Tycho 

by some, and Mount Etna by others. It consists 

of a large irregular cavity, surrounded by moun- 

tains; and the streaks of light are the elevated 

ridges of ranges of mountains, which seem to 

converge toward it as to a center. This is the 


‘most variegated and mountainous region of the 


lunar surface. Fig. 84 is a view of the moon, 
hastily taken, when in a gibbous phase. 'The sha- 
dows were then comparatively short, and it would 
require to be engraved on a much more extens 

scale than our page admits to show distinctly the 
elevations and depressions at the boundary between 
_ light and darkness. Fig. 85 (Nos. 1 and 
_ 2) represent some detached spots near the 

_ line which separated the dark and enlight-_ 

_ ened parts of the moon. ns 
From what has now been stated respect- 
ing the lunar mountains, it will evidently 
appear that there must be a great variety of 
3| sublime and picturesque scenery connected 
with the various landscapes of the moon, 
If the surface of that orb be adorned with a 





diversity of color and with something anal- 




















h| ogous to the vegetation of our globe, there 















































must be presented to the view of a spectator 
4} in the moon a variety of scenes altogether 























dissimilar to those which we can contem- 

































































plate on this earth. The circular plains and 





3) NOUntzins will present three or four varie- 




















ties of prospect, of which we have no exam- 









































fl ples on our globe. In the first place, a 











spectator near the middle of the plane will 























behold his view bounded on every hand by 


























i) a chain of lofty mountains, at the distancu 


















































it is impossible, ‘by any delineations, to convey an 
idea of the peculiarities and the vast variety of 
scenery which the lunar surface presents, such as 
is exhibited by a powerful telescope during the 
different stages of the increase and decrease of 
the moon. : 

Fig. 79 represents the moon in a crescent phase, 


for the purpose of showing how the enlightened 
tops of t nountains appear on the dark part of 
the moon, detached as it were from the enlightened 
part, and likewise to show how the boundary be- 
tween the light and darkness appears Jagged and 
uneven, indicating the existence of elevations and 
depressions upon its surface. Fig. 80 represents 
4 circular or elliptical range of mountains, sur- 
rounding a plain of the same shape, where the 
shadow of that side of the range which is opposite 
to the sun appears covering the half of the plain. 
Fig. 81 represents a circular plain, with the sha- 
dow of one side of the mountains which encom- 
pass it, and a central mountain with its shadow 








hg] of 5, 10,15, or 20 miles, according to the 
diameter of the plain; and as the tops of 
i] these mountains are at different elevations, 
they will exhibit a variety of mountain- 
|scenery. ' In the next place, when standing 
on the top of the central mountain, the 
whole plain, with its diversified objects, will 
be open to his view, which will likewise 
take in all the variety of objects connected with 
the circular mountain-range which bounds his 
prospect. A third variety of view will be pre- 
sented in traveling round the plain, where the 
various aspects of the central mountain will pre- 
sent, at every stage, a new landscape and a diver- 
sity of prospect. Another view, still more exten- 
sive, will be obtained by ascending to the summit 
of the circular range, where the whole plain and + 
its central mountain will be full in view, and a 
prospect will, at the same time, be opened of a 
portion of those regions which lie beyond the 
exterior boundary of the mountains (see Fig. 81). 2 
A diversity of scenery will likewise be presented . 
by the shadows of the circular range and the cen- - 
tral mountain. When the sun is in the horizon, 
the whole plain will be enveloped in the shadows~ 
of the mountains, even after daylight begins to 
appear. These shadows will grow shorter and) 
shorter as the sun rises in the heavens; but a 
space of time equal to one or two of our days 
DP Bie te 
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will intervene before the body of the sun is seen | that such places are diversified and adorned with 


from the opposite side of the plain, rising above 
the mountain tops; and a still longer 

space of time before his direct rays are 

seen at the opposite extremity. These 

‘shadows are continually varying; during 

the increase of the moon they are thrown 

"in one direction, and during the decrease 

in a direction exactly opposite; and it is- 
only about the time of full moon that 

every part of the plain, and the mountains 

which surround it, are fully enlightened, 

and the shadows disappear. There must, 

therefore, be a far greater variety of sub- 

lime mountain-scenery, and of pictu- 

resque objects connected with it, on the 

lunar surface, than what is presented to 

our view in terrestrial landscapes. 


all the vegetable scenery which we reckon beauti- 


Fig. 84. 









































































































































The Lunar Caverns —These form a 








very peculiar and prominent feature of 





the moon’s surface, and are to be seen 
throughout almost every region; but are 











most numerous in the south-west part of 





























the moon. Nearly a hundred of them, ~ 








great and small, may be distinguished in 
that. quarter. They are all nearly of a 
circular shape, and appear like a very 
shallow egg-cup. The smaller cavities 
appear within almost like a hollow cone, 
with the sides tapering toward the center; 
but the larger ones have, for the most 
part, flat bottoms, from the center of 
which there frequently rises a small steep 
conical hill, which gives them a resem- 
blance to the annular ridges and central — 
_ Mountains above described. In some in- — 
stances their margins are level with the [£ 
general surface of the moon, but in most — 
cases they are encircled with a high an- 
nular ridge of mountains marked by lofty 
peaks. Some of the larger of these cav- 
ities contain smaller cavities of the same 




















Fig. 85. (No. 1.) 





































































































‘Fig. 85. (No. 2.) 


kind and form, ;particularly in their sides. The ! ful and picturesque in a terrestrial landscape, and 


mountainous ridges which surround these cavities 
reflect the greatest quantity of light; and hence 
that region of the moon in which they abound 
appears brighter than any other. From their lying 
in every possible direction, they appear, at and 
near the time of full moon, like a number of bril- 
- liant streaks or radiations. These radiations ap- 
pear to converge toward a large brilliant spot sur- 
rounded by a faint shade, near the lower part of 
the moon, which is known by the name of T'ycho, 
and which every one who views the full moon, 
even with a common telescope, may easily distin- 
guish. In regard to their dimensions, they are of 
all sizes, from three miles to fifty miles in diam- 
eer at the top; and their depth below the general 
ievel of the lunar surface varies from one-third of 
a mile to three miles and a half. Twelve of these 
cavities, as measured by Schroeter, were found to 
be above two miles in perpendicular depth. These 
cavities constitute a peculiar feature in the scenery 
of the moon, and her physical constitution, which 
bears scarcely any analogy to what we observe in 
the physical arrangements of our globe. But, how- 
ever different such arrangements may appear from 
what we see around us in the landscapes of the 
earth, and however unlikely it may at first sight 
appear that such places should be the abode of in- 
telligent beings, I have no doubt that, in point of 
beauty, variety, and sublimity, these spacious hol- 
lows, with all their assemblage of circular and cen- 
tral mountain-scenery, will exceed in interest and 
grandeur any individual scene we can contem- 
our globe. We have only to conceive 








with objects which are calculated to retlect with 
brilliancy the solar rays, in order to give such an 
idea of the grandeur of the scene. And that the 
objects connected with these hollows are formed 
of substances fitted to reflect the rays of the sun 
with peculiar luster, appears from the brillianey 
which most of them exhib when either partially 
or wholly enlightened; pfesenting to view, especi- 
ally at full moon, the most luminous portions of 
the lunar surface, so that former astronomers were 
led to compare them: to rocks of diamond. 
Whether there be any evidence of Volcanoes in 
the Moon.—From a consideration of the brokea 
and irregular ground, and the deep caverns which 
appear in different parts of the moon’s surface, 
several astronomers, were led to conjecture that 
such irregularities were of voleanic origin. These 
conjectures were supposed to be confirmed by the 
appearance of certain luminous points, which 
were occasionally seen on the dark part of the 
moon. During the annular eclipse of the sun on 
the 24th of June, 1778, Don Ulloa perceived, near 
the north-west limb of the moon, a bright white 
spot, which he imagined to be the light of. the 
sun shining through an opening in the moon. 
This phenomenon continued about a minute and 
a quarter, and was noticed by three different ob- 
servers. Beccaria observed a similar spot in 1772. 
M. Bode, of Berlin, M. de Villeneuve, M. Nouet, 
Captain Kater, and several others, at different 
times observed similar phenomena, some of which 
had the appearance of asmall nebula, or a star of 
the sixth magnitude, upon the dark part of the 
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lunar dise. Sir W. Herschel, in 1787, observed 
similar phenomena, which he ascribes to the erup- 
tion of volcanoes. The following is an extract 
from his account of those phenomena: “April 19, 
1787, 10h. 36m. I perceive three volcanoes in 
different places of the dark part of the new moon. 
Two of them are already nearly extinct, or other- 
wise in astate of going to break out; the third 


shows an eruption of fire or luminous matter, 


The distance of the crater from the northern limb 
of the moon is 3’ 57”; its light is much brighter 
than the nucleus of the comet which M. Mechain 
discovered at Paris on the 10th of this month.” 
“April 20, 10h. The voleano burns with greater 
violence than last night; its diameter cannot be 
less than three seconds; and hence the shining or 
burning matter must be above three miles in di- 
ameter. The appearance resembles a small piece 
of burning charcoal when it is covered by a very 
thin coat of white ashes, and it has a degree of 
brightness about as strong as that with which such 
a coal would be seen to glow in faint daylight.” 

Such’ are some of the phenomena from which 
it has been concluded that volcanoes exist in the 
moon. That such appearances indicate the exist- 
ence of fire or some species of luminosity on the 
lunar surface, is readily admitted; but they by no 
means prove that anything similar to terrestrial 
volcanoes exist in that orb. We err egregiously 
when we suppose that the arrangements of other 
worlds must be similar to those on our globe, es- 
pecially when we perceive the stirface of the moon 
arranged in a manner so very different from that 
of the earth. We have no right to conclude that 
burning mountains abound in the moon because 
these are the only large streams of fire that occa- 
sionally burst forth from certain points on. our 
globe. 
we are ignorant, and which may be peculiar to 
the moon, which may produce the occasional 
gleams or illuminations to which we allude. The 
conflagration of a large forest, such as happened 
a few years ago at Miramichi, the blazing of large 
tracts of burning heath, the illumination of a 
large town, or the conflagration of such a city as 
Moscow, would, in all probability, present to a spec- 
tator in the moon luminous specks such as those 
which astronomers have observed on the dark 
portion of the lunar orb. Suchluminosities in the 
moon may possibly be of a phosphoric nature, or a 
mere display of some brilliant artificial scenery by 
the inhabitants of that planet. Schroeter is of 
opinion that most of these appearances are to be 
ascribed to the light reflected from the earth to 
the dark part of the moon’s disc, which returns it 
from the tops of the mountains under various 
angles, and with different degrees of brightness; 
and from various observations I have made on 
the dark portion of the moon, when about two or 
three days old, and from the degree of brightness 
with which some of the small spots have frequently 
appeared, I am disposed to consider this opinion 
as highly probable. 

The existence of volcanoes on our globe is 
scarcely to be considered asa part of its original con- 
stitution. Such appalling and destructive agents 
appear altogether inconsistent with the state of 
an innocent being formed after the Divine image; 
and, therefore, we have no reason to believe that 
they existed in the primitive age of the world, 
while man remained in his paradisiacal state, but 
began to operate only after the period of the uni- 
versal deluge, when the primitive constitution of 
our globe was altered and deranged, and when 
earthquakes, storms, and tempests began, at the 
same time, to exert their destructive energies. 


‘and the names 


For there are many other causes of which. 
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They are thus to be considered as an evidence or 
indication that man is no longer in a state of 
moral perfection and that his habitation now cor- 
responds with his character as a sinner. ‘To sup- 
pose, therefore, that such destructive agents exist 
in the moon, would be virtually to admit that tho 
inhabitants of that planet are in the same depraved 
condition as the inhabitants of this world. The 
same thing may be said with regard to a pretended 
discovery which was announced some years ago, 
that “there are fortifications in the moon;”’ for, if 
such objects really existed, it would be a plain 
proof that the inhabitants were engaged in wars 
and contentions, and animated with the same 
diabolical principles of pride, ambition, and re- 
venge, which have ravaged our globe and demoral- 
ized its inhabitants. 

Whether there be Seas in the Moon is a question 
which has engaged the attention of astronomers, 
and which demands a few remarks. When we 
view the moon through a good telescope, we per- 
ceive a number of large dark spots, of different 
dimensions, some of which are visible to the naked 
eye. These spots, in the early observations of 
the moon with telescopes, were generally supposed 
to be large collections of water similar to our seas, 

iven them by Hevelius, such as 
Mare Crisium, Mure Imbrium, &c., are founded 
on this opinion. The general smoothness of 
these obscure regions, and the consideration that 
water reflects less light than the land, induced 
some astronomers to draw this conclusion. But 
there appears no solid ground for entertaining 
such an opinion; for, in the first place, when 
these dark spots are viewed with good telescopes, 
they are found to contain numbers of cavities, 
whose shadows are distinctly perceived falling 
within them, which can never happen in a sea or 
smooth liquid body; and beside, several insulated 
mountains, whose shadows are quite perceptible, 
are found here and there in these supposed seas. 
In the next place, when the boundary of light 
and darkness passes through these spots, it is not 
exactly a straight line or a regular curve, as it 
ought to be were those parts perfectly level like a 
sheet of water, but appears slightly jagged or 
uneven. I have inspected these spots hundreds 
of times, with powers of 150, 180, and 230 times, 
and in every instance, and in every stage of the 
moon’s increase and decrease, gentle elevations 
and depressions were seen, similar to the wavings 
or inequalities which are perceived upon a plain 
or country generally level. There are scarcely 
any parts of these spots in which slight elevations 
may not beseen. In many of them the light and 
shade, indicating the inequality of surface, are 
quite perceptible; and in certain parts ridges 
nearly parallel, of slight elevation, with interja- 
cent plains, are distinctly visible. These dark 
spots, therefore, must be considered as extensive 
plains diversified with gentle elevations and de- 
pressions, and consisting of substances calculated 
to reflect the light of the sun with a less degree of 
intensity than the other parts of the lunar surface. 
These plains are of different dimensions, from 40 
or 50 to 700 miles in extent, and they occupy 
more than one-third of that hemisphere of the 
moon which is seen from the earth, and, conse- 
quently, will contain nearly three millions of 
square miles. As the moon, therefore, is diversi- 
fied with mountains and cavities of forms alto- 
gether different from those of our globe, so the 
plains upon the surface of that orb are far more 
varied and extensive than the generality of plains 
which are found on the surface of the ear It 
is a globe diversified with an immense vari 
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mountain-scenery, and, at the samo time, abound- | their direction. In our reasonings on this subject 


ing with plains and valleys of vast extent. But 
there appear to be no seas, oceans, or any large 
collections of water, though it is possible that 
small lakes or rivers may exist on certain parts of 
its surface. As we see only one side of the moon 


from the earth, we cannot tell what objects or, 


arrangements may exist on its opposite hemi- 
sphere, though it is probable that that hemisphere 
does not differ materially in its scenery and 
arrangements from those which are seen on the 
side which is turned toward the earth. 

Atmosphere of the Moon.—Whether the moon 
has an atmosphere, or bedy of air similar to that 
which surrounds the earth, has been a subject of 
dispute among astronomers. On the one side, 
the existence of such an atmosphere is denied, 
because the stars which disappear behind the body 
of the moon retain their full luster until they 
seem to touch its very edge, and then they vanish 
in a mement; which phenomenon, it is supposed, 
would not happen if the moon were encompassed 
with an atmosphere. On the other hand, it has 
been maintained that the phenomena. frequently 
attending eclipses of the sun furnish arguments 
for the existence of a lunar atmosphere. It has 
been observed on different occasions that the moon 
in a solar eclipse was surrounded with a luminous 
ring, which was most brilliant on the side nearest 
the moon; that the sharp horns of the solar 
crescent have been seen blunted at their extremi- 
ties during total darkness; that, preceding the 
emersion, a leng narrow streak of dusky red 
light has been seen te color the western limb of 
the moon; and that the circular figure of Jupiter, 
Saturn, and the fixed stars has been seen changed 
into an elliptical one when they approached either 
the dark or the enlightened limb of the moon; 
all which circumstances are considered as indica- 
tions of a lunar atmosphere. The celebrated M. 
Schroeter, of Lilienthal, made numerous observa- 
tions in order to determine this question, and 
many respectable astronomers are of opinion that 
his observations clearly prove the existence of an 
atmosphere around the moon. He discovered 
near the moon’s cusps a faint gray light of a 
pyramidal form, extending from both cusps into 
the dark hemisphere, which, being the moon’s 
twilight, must necessarily arise from its atmo- 
sphere. It would be too tedious to detail all the 
observations of Schroeter on this point; but the 
following are the general conclusions: ‘‘ That the 
inferior or more dense part of the moon’s atmo- 
sphere is not more than 1500 English feet high; 
and that the hight of the atmosphere where it 
could affect the brightness of a fixed star, or 
inflect the solar rays, does not exceed 5742 feet,” 
or little more than an English mile. A fixed 
star will pass over this space in less than two 
seconds of time; and if it emerge ata part of the 
moon’s limb where there is a ridge of mountains, 
scarcely any obscuration can be perceptible. 

On the whole, it appears most probable that the 
moon is surrounded with a fluid which serves the 
purpose of an atmosphere, although this atmo- 
sphere, as to its nature, composition, and refractive 
power, nay be very different from the atmosphere 
which surrounds the earth. It forms no proof 
that the moon or any of the planets is destitute 
of an atmosphere because its constitution, its 
density, and its power of refracting the rays of 
light are different from ours. An atmosphere 
may surround a planetary body, and yet its parts 
be so fine and transparent that the rays of light 
from a star or any other body may pass through 
t. without being in the least obscured or changing 
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we too frequently proceed on the false principle 
that everything connected with other worlds must 
bear a resemblance to those on the earth. But as 
we have seen that the surface of the moon, in 
respect to its mountains, caverns, and plains, is 
very differently arranged from what appears on 
the landscape of our globe, so we have every 
reason to conclude thatthe atmosphere with which 
that orb may be surrounded is materially different 
in its constitution and properties from that body 
of air in which we move and breathe; and it is 
highly probable, from the diversity of arrange- 
ments which exists throughout the planetary 
system, that the atmospheres of all the planets 
are variously constructed, and have properties 
different from each other. Whatever may be the 
nature of the moon’s atmosphere, it is evident 
that nothing similar to clouds exist in it, otherwise 
they would be quite perceptible by the telescope; 
and hence we may conclude that neither hail, 
snow, rain, nor tempests disturb its serenity; for 
all the parts uniformly present a clear, calm, and 
serene aspect, as if its inhabitants enjoyed a per- 
petual spring. 

Magnitude of the Moon.—The distance of the 
moon from the earth is determined from its hori- 
zontal parallax; and this distance, compared with 
its apparent angular diameter, gives its real or 
linear diameter. The mean horizontal parallax 
is fifty-seven minutes, thirty-four seconds, and 
the mean apparent diameter thirty-one minutes, 
twenty-six seconds. From these data it is found 
that the real diameter of the moon is 2180 miles, 


which is little more than the one-fourth of the 


diameter of the earth. The real magnitude of the 
moon, therefore, is only about one-forty-ninth 
part of that of the earth. This is found by 
dividing the cube of the earth’s diameter by the 
cube of the moon’s, and the quotient will express 
the number of times that the bulk of the earth 
exceeds that of the moon; for the real bulk of 
globes is in proportion to the cubes of their 
diameters. Although the apparent size of the 
moon appears equal to that of the sun, yet the 
difference of their real bulk is very great, for it 
would require more than sixty-three millions of 
globes of the size of the moon to form a globe 
equal in magnitude to that of the sun. Its sur- 
face, notwithstanding, contains a very considera- 
ble area, comprising nearly 15,009,000 of square 
miles, or about one-third of the habitable parts 
of our globe; and were it as densely peopled as 
England, it would contain a population amount- 
ing to four thousand two hundred millions, which 
is more than five times the population of the 
earth; so that the moon, although it ranks among 
the smallest of the celestial bodies, may contain 
a population of intelligent beings far more nu- 
merous, and perhaps far more elevated in the 
scale of intellect, than the inhabitants of our 
globe. é 
Whether it may be possible to discover the inhab- 
itants of the moon is a question which has been 
sometimes agitated: To such a question I have 
no hesitation in replying, that it is highly impro- 
bable that we shall ever obtain a direct view of any 
living beings connected with the moon by means 
of any telescopes which it is in the power of man 
to construct. The greatest magnifying power 
which has ever been applied, with distinctness, to 
the moon, does not much exceed a thousand times; 
that is, makes the objects in the moon appear a 
thousand times larger and nearer to the naked 
eye. But even a power of a thousand times 
represents the objects on the lunar surface at a 
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{ 240 miles, at which distance no living 
a Kkralcen, could be perceived. Even although we 
could apply a power of ten thousand times, lunar 
objects would still appear 24 miles distant; and at 
such a distance no animal, even of the size of an 
elephant or a whale, could be discerned. Beside, 
we onght to consider that.we have only a bird’s- 


eye view of the objects on the moon; and, conse- 


quently, supposing any beings resembling man to 
exist on that orb, we could only perceive the 
diameter of their heads, as an aeronaut does when 
he surveys the crowds beneath him from an 
elevated balloon. Nay, though it were possible 
to construct a telescope with a power of one hun- 
dred thousand times, which would cause the moon 
to appear as if only two and a half miles distant, 
it is doubtful if, even with such an instrument, 
living beings could be perceived. We ought also 
to consider that nature has set-certain limits to 
the magnifying power of telescopes; for, although 
we could apply such powers as now stated to any 
telescope, the vapors and undulations of the atmo- 
sphere, and the diurnal motion of the earth, 
would interpose a barrier to distinct vision; and 
as the quantity of light is diminished in propor- 
tion to the magnifying power, the loss of light in 
such high powers would prevent the distinct per- 
ception of any object. 

But although we can never hope to see any of 
the inhabitants of the moon by any instrument 
constructed by human ingenuity, yet we may be 
able to trace the operations of sentient or intelligent 
beings, or those effects which indicate the agency 
of living beings. A navigator who approaches 
within a certain distance of a small island, al- 
though he perceives no human beings upon it, 
can judge with certainty that it isimhabited if he 
perceive human habitations, villages,.corn-fields, 
or traces of cultivation. In like manner, if we 
could perceive changes or operations in the moon 
which could be traced to the agency of intelligent 
beings, we should then obtain demonstrative evi- 
dence that such beings exist on that planet; and 
I have no doubt that it is possible to trace such 
operations. A telescope which magnifies 1200 
times will enable us to perceive, as a visible point 
on the surface of the moon, an object whose 
diameter is only about 100 yards or 300 feet. 
Such an object is not larger.than many of our 
public edifices; and, therefore, were any sueh 
edifices rearing in the moon, or were a town or 
city extending its boundaries, or were operations 
of this description carrying on in a district where 
no such edifices had previously been-erected, such 
objects and operations might probably be detected 
by a minute inspection. Were a multitude of 
living creatures moving from place to place in a 
body, or were they encamping in an extensive 
plain like a large army, or like a tribe of Arabs in 
the desert, and afterward removing, it is possible 
that such movements might be traced by the 
difference of shade or color which such move- 
ments would produce. In order to detect such 
minute objects and operations, it would be requi- 
site that the surface of the moon should be dis- 
tributed among at least a hundred astronomers, 
each having a spot or two allotted him as the 
object of his more particular investigation, and 
that the observations be continued for a period of 
at least thirty or forty years, during which time 
certain changes would probably be perceived, 
arising either from physical causes or from the 
operations of living agents. But although «no 
such changes should ever be detected, it would 
form no proof that the moon is destitute of in- 
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habitants; for, in other worlds, intelligent beings 
may probably enjoy all the happiness congenii 
to their natures without those edifices or artificial 
accommodations which are requisite for man in 
this terrestrial abode. In reference to the subject 
under consideration, Dr. Olbers is fully of opinion 
“that the moon is inhabited by rational creatures, 
and that its surface is more or less covered with a 
vegetation not very dissimilar to that of our own 
earth.” Gruithuisen maintains that he has dis- 
covered, by means of his large achromatic tele- 
scope, “ great artificial works in the moon, erected 
by the lunarians.’”? And lately, another foreign 
observer maiutains, from actual observation, ‘that 
great edifices do exist in the moon.”’? I am of 
opinion that all such announcements are prema- 
ture and uncertain. Without calling in question 
the accuracy of the descriptions published by 
these astronomers, there is some reason to suspect 
that what they have taken for “ edifices’? and 
“artificial works’? are only small portions of 
natural scenery, of which an immense variety, 
in every shape, is to be found on the surface of 
the moon. Future and more minute observa- 
tions may, however, enable us to form a definite 
opinion on this subject.* 





* A short time ago a hoax was attempted to be played off 
on the public in relation to this subject. An article entitled 
‘©Wonderful Discoveries in the Moon, by Sir John Herschel,” 
was copied into most of the American, French, and British 
newspapers and other periodicals, and was likewise pub- 
lished in a separate pamphlet. It is not a little astonishing 
how easily the public is gulled by such extravagant descrip- 
tions as were contained in this pamphlet, and it shows the 
ignorance which still prevails among the great mass of the 
community in every country in relation to astronomy and 
optics, that such pretended discoveries should have been 
listened to even fora moment. For even some editors of 
newspapers treated the affair in a grave manner, and only 
expressed their dowbts on the subject, plainly indicating that 
they had far less knowledge of the science of astronomy 
than many schoolboys now acquire. The title of the pam- 
phlet was sufficient to convince any man of common under- 
standing, who directed his attention for a moment to the 
subject, that the whole was a piece of deception; for it 
stated that ‘ the object-glass weighed seven tons,” and had 
“a magnifying power of 42,000 times.” Now, supposin 
such a power had been used, the objects on the surface o 
the moon would still have appeared more than five miles 
and two-thirds distant; and how could an animal, even of 
the largest size, be seen at such a distance? Yet the 
writer of the pamphlet declares that animals such as sheep, 
and cranes, and small birds were not only distinguished, but 
the shape and color of their horns, eyes, beard, and the dif- 
ference of sexes, were perceived, To perceive such objects 
it was requisite that they should have been brought within 
six yards instead of six miles, The author might have 
rendered his description more consistent by putting a power 
of 300,000 times upon his imaginary telescope, since he had 
every power at his command, so as to have brought the 
objects, at least, within the distance of a mile. The author 
of this deception, I understand, is a young man in the 
city of New York, who makes some pretensions to scientific 
acquirements, and he may perhaps be disposed to congratu- 
late himself on the success of his experiment on the public. 
But it ought to be remembered that all such attempts to 
deceive are violations of the laws of the Creator, who is 
the * God of truth,” and who requires ‘ truth in the inward 
parts;” and, therefore, they who willfully and deliberately 
contrive such impositions ought to be ranked in the class of 
liars and deceivers, The “ Law of Truth” ought never for 
a moment to be sported with. On the universal observance 
of this law depends the happiness of the whole intelligent 
system and the foundations of the throne of the Eternal. 
The greatest part of the evils which have afflicted our world 
have risen from a violation of this law, and were it to be 
universally violated, the inhabitants of all worlds would be 
thrown into a state of confusion and misery, and creation 
transformed into a chaos. Beside, the propagation of such 
deceptions is evidently injurious to the interests of science. 
For when untutored minds and the mass of the community 
detect such impositions, they are apt to call in question the 
reql discoveries of science, as if they were only attempts to 
impose on their credulity. It is to be hoped that the author 
of the deception to which | have adverted, as he advances 
mm years and in wisdom, will perceive the folly and immo- 


| rality of such conduct. 





CORRESPONDENCE WITH THE MOON 


It has sometimes been a subject of speculation 
whether it might be possible, by any symbols, to 
correspond with the inhabitants of the moon. 
“Gruithuisen, in a conversation with the great 
continental astronomer Gauss, after describing the 
regular figures he had discovered in the moon, 
spoke of the possibility of a correspondence with 
the lunar inhabitants. He brought to Gauss’ 
recollection the idea he had communicated many 
years ago to Zimmerman. Gauss answered, that 
the plan of erecting a geometrical figure on the 
ae of Siberia corresponded with his opinion, 

ecause, according to his view, a correspondence 
with the inhabitants of the moon could only be 
begun by means of such mathematical contem- 
plations and ideas which we and they must have 
in common.”* Were the inhabitants of the 
moon to recognize such a figure, erected on an 
immense scale, as a signal of correspondence, 
they might perhaps erect. a similar one in reply. 
But it is questionable whether the intention of 
such a signal would be recognized; and our ter- 
restrial sovereigns are too much engaged in plun- 
der and warfare to think of spending their revenues 
in so costly an experiment; and, therefore, it is 
likely that, for ages to come, we shall remain in 
ignorance of the genius of the lunar inhabitants. 

chemes, however, far more foolish and prepos- 
terous than the above have been contrived and 
acted upon in every age of the world. The mil- 
lions which are now wasting in the pursuits of 
mad ambition and destructive warfare might, with 
far greater propriety, be expended in constructing 
a large triangle or ellipsis, of many miles in 
extent, in Siberia or any other country, which 
might at the same time accommodate thousands 
of inhabitants who are now roaming the deserts 
like the beasts of the forest. 

Whatever may be the arrangements of the 
moon or the genius of its inhabitants, we know 
that it forms a most beautiful and beneficial 
appendage to our globe. When the sun has de- 
scended below the western horizon, the moon 


lights up her lamp in the azure firmament, and’ 


diffuses a mild radiance over the landscape of the 
world. She pours her luster on spacious cities 
and lofty mountains, glittering on the ocean, the 
lakes, and rivers, and opening a prospect wide as 
the eye can reach, which would otherwise be 
involved in the deepest gloom. As the son of 
Sirach has observed, “She is the beauty of heaven, 
the glory of the stars, an ornament giving light 
in the high places of the Lord.’”? She cheers the 
traveler in his journeys, the shepherd while tending 
his fleecy charge, and the mariner while conducting 
his vessel at midnight through the boisterous 
ocean. She returns to us, during night, a portion 
of the solar light which we had lost, and diffuses 
a brilliancy far superior to that which we derive 
from all the stars of heaven.. If we intend to 
prosecute our journeys after the sun has left our 
hemisphere, the moon, in her increase, serves as 
a magnificent lamp to guide our footsteps. If we 
wish to commence our progress at an early hour 
in the morning, the moon, in her decrease, diffuses 
a mild radiance in the east, and enables us to 
anticipate the dawn; and if-we choose to defer 
our journey until the period of full moon, this 
celestial lamp enables us to enjoy, as it were, an 


uninterrupted day of twenty-four hours long. By 
this means we.can either avoid the burning heats. 


of summer, or dispatch such business as may be 
inexpedient during the light of day. While the 





* Edinburgh New Philosophical Journal for October, 
1826, p. 390. 
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; year and the course of the seasons, the revo 






apparent revolution of the sun’ marks o at 


of the moon round the heavens marks out our 
months; and, by regularly changing its figure at 
the four quarters of its course, subdivides the 
month into periods of weeks; and thus exhibits 
to all the nations of the earth a“ watchlight”’ or 
signal, which every seven days presents a form 
entirely new, for marking outthe shorter periods 
of duration, By its nearness to the earth, and 
the consequent increase of its gravitating power, 
it produces currents in the atmosphere, which 
direct the course of the winds and purify the 
aerial fluid from noxious exhalations; it raises the 
waters of the ocean, and-produces the regular 
returns of ebb and flow, by which the liquid ele- 
ment is preserved from filth and putrefaction. It 
extends its sway even over the human frame, and 
our health and disorders are sometimes partially 
dependent on its influence. Hven its eclipses, 
and those it produces of the sun, are not without 
their use. They tend to arouse mankind to the 
study of astronomy and the wonders of the 
firmament; they serve to confirm the deductions 
of chronology, to direct the navigator, and to 
settle the geographical positions of towns and 
countries; they assist the astronomer in his celes- 
tial investigations, and exhibit an agreeable variety 
of phenomena in the scenery of the heavens. In 
short, there are' terrestrial scenes presented in 
moonlight, which, in point of solemnity, grandeur, 
and picturesque beauty, far surpass in interest, to 
a poetic imagination, all the brilliancy and splen- 
dors of noonday.*,Hence, in all ages, a moonlight 
scene has been regarded, by all ranks of men, 
with feelings of joy and sentiments of admiration. 
The following description of Homer, translated 
into English verse by Mr. Pope, has been esteemed 
ono of the finest night-pieces in poetry: 


« Behold the moon, refulgent lamp of night, 
O’er heaven’s clear azure spread her sacred light, 
When not a breath disturbs the deep serene, 
And not a cloud o’ercasts the solemn scene}; 
Around her throne ‘the vivid planets roll, 

And stars unnumbered gild the glowing pole; 
O’er the dark trees a yellower verdure shed, 
And tip with silver every mountain’s head; 
Then shine the vales; the rocks in prospect rise; 
A flood of glory bursts from all the skies. 

The conscious swains, rejoicing in the sight, 
Eye the blue vault, and bless the useful light.” 


Without the light of the moon, the inhabitants 
of the polar regions: would be for weeks and 
months immersed in darkness. But the moon, 
like a kindly visitant, returns at short intervals in 
the absence of the sun, and cheers them with her 
beams for days and weeks together. So that, in 
this nocturnal’ luminary, as in all the other 
arrangements of nature, we behold a display of 
the paternal care and beneficence of that Almighty 
Being who ordained “the moon and stars to rule 
the night,” as an evidence of his superabundant 
goodness, and of * his mercy, which endureth for 
ever.” ey 


Reh 
Ul. ON THE SATELLITES OF JUPITER. 


There are four moons or satellites attending 
the planet Jupiter, which revolve around it from 
west to east, according to the order of the signs, 
or in the same direction as the moon revolves 
round the earth and the planets round the sun. 
They are placed at different distances from the 
center of Jupiter; they revolve round it in dif- 
ferent periods of time, and they accompany the 
planet in its twelve years’ revolution round the 
sun, without deviating in the ieast in their dis- 





 ., 
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ter of their motions. Thése bodies were 
ie vered by Galileo, who first applied the tele- 
scope to celestial observations. ‘Three of them 
were first seen on the night of the 7th of January, 
1610, and were at first supposed to be telescopic 
stars; but by the observations of three or four 
subsequent evenings, he discovered them to be 
attendants on the planet Jupiter. On the 13th 
of the same month he saw the fourth satellite, 
and continued his observations until March 2, 
when he sent his drawings of them, and an 
account of his observations, to his patron, Cosmo 
‘Medici, Great Duke of Tuscany, in honor of 
whom he called them the Medicean stars. This 
discovery soon excited the attention of astrono- 
mers, and every one hastened with eagerness to 
view the new celestial wonders. The senators of 
Venice who were eminent for their learning, 
invited Galileo tocome to the tower of St. Mark, 
and in their presence make a trial of his new 
instruments. He complied with their request, 
and ina fine night, neither cold nor cloudy, showed 
them with his instrument the new phenomena 
which had excited attention; the satellites of 
Jupiter, the.crescent of Venus, the triple appear- 
ance of Saturn, and the inequalities on the sur- 
face of the moon, which many of the learned 
refused to admit, because they overthrew the 
system of the schools and the philosophical notions 
which had previously prevailed. At this conference 
with the Venetian senators Galileo demonstrated 
the truth of the Copernican system, and showed 
how all his discoveries had a #endency to prove 
that the earth is a moving body, and that the sun 
is the center of the planetary motions. 

The following are the respective distances of 
the satellites of Jupiter, in round, numbers, and 
the periodic times in which they revolve around 
that planet. 
lite from the center of Jupiter is 260,000 miles, or 
somewhat more than the distance of the moon 
from the earth ; and it revolves around the planet 
in 1 day, 18 hours, 271g minutes. The second 
satellite is distant 420,000 miles, and finishes its 
revolution in 3 days, 13 hours, 132¢ minutes.— 
The third is distant 670,000 miles, and performs its 
revolution in 7 days, 3 hours, 4214 minutes. The 
fourth satellite is distant 1,180,000 miles, or more 
than four times the distance of the first, and re- 
quires 16 days, 16 hours, and 32 minutes to com- 
plete its revolution. These satellites suffer nu- 
merous eclipses in passing through the shadow of 
Jupiter, as our moon is eclipsed in passing through 
the shadow of the earth. But as their orbits are 
very little inclined to the orbit of Jupiter, their 
eclipses are much more frequent than those of our 
moon. ‘The first three satellites are eclipsed every 
time they are in opposition to the sun. The first 
satellite is in opposition once in 421g hours, and, 
consequently, suffers an eclipse about eighteen 
times every month. The second suffers eight or 
nine eclipses, and the third about four eclipses 
every month. But the fourth sateltte frequently 
passes through its opposition without being in- 
volved in the shadow of Jupiter, and, consequent- 
ly, its eclipses aro less frequent than those of the 
other three, only a few of them happening in the 
course of a year. As those satellites are opaque 
globes like our moon—when they are in their in- 
ferior conjunction, or in a line between Jupiter 
and the sun—their bodies are interposed between 
the sun and certain parts of the disc of the planet, 
80 as to cause an eclipse of the sun to those places 
over which their shadow passes. These eclipses, 


ener a the planet, as the more immediate 


or the shadows of tho satellites passing across the. 





The mean distance of the first satel- 
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body of Jupiter, are perceived by powerful tele- 
scopes. Sometimes the satellites themselves may 
be seen crossing the disc like luminous spots; and 
sometimes the body of the planet interposes be- 
tween our eye and the satellites, when they are 
said to suffer an occultation, It has been ascer- 
tained, by the calculations and investigations of 
La Place, that the whole number of these moons can 
never be eclipsed at the same time, and that scarcely 
ever more than two of them can be eclipsed at 
once. 

The following diagram (Fig. 86), exhibits the 
system of Jupiter’s satellites nearly in the propor- 
tion of their distances from the planet. The 
small circles on the orbit of the third satellite re- 
present the enlightened side of the satellites turn- 
ed toward the sun, and the dark side in an opposite 
direction. The enlightened side of every satellite 
is always very nearly turned ‘toward the earth ; 
but in their revolutions round Jupiter they pre- 
sent to that planet all the phases of the moon, as 
represented in the figures marked on the orbit of 
the fourth satellite. In the direction A, when in 
opposition to the sun, they appear like full moons; 
in the direction B they assume a gibbous phase ; 
at C they appear like a half moon; at D like a 
crescent ; at H, the dark side being turned toward 
‘the planet, the satellite becomes invisible; at F’, 
G, and H, it again successively appears under a 
erescent, a half moon, and a gibbous phase. In 
the direction A the satellites are in opposition to 
the sun, as seen from Jupiter, at which time they 
pass through his shadow, and are eclipsed for the 
space of more than two hours, with the exception 
of the fourth, which sometimes passes the point 
of its opposition without falling into the shadow. 
At E the shadow of the satellite passes across the 
dise of Jupiter, producing a solar eclipse to all 
those regions on his surface over which the 
shadow moves. 


Fig. 86. 
¢ 





These satellites, when viewed from the earth, 
do not appear to revolve round Jupiter in the 
manner here represented, but seem to oscillate 
backward and forward nearly in a straight line. 
This is owing to our being nearly on a level with 
the plane of their orbits. When the earth is in 
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one of the geocentric nodes of a satellite, the 
plane of its orbit passes through our eye, and 
therefore it appears to be a straight line, as a b, 
(Fig. 87), so that, in passing the half of its orbit 
which is most distant from the earth, it first seems 
to move from 6 toc, when it is hidden for some 
time by the planet, and then from d to a, the point 
of its greatest elongation; after which it seems to 
return again in the same line, passing between us 
and the dise of the planet, until it arrives at. its 
greatest elongation at 6. In every other situation 
of the earth, the orbit of a satellite appears as an 
ellipsis more or less oblong, as represented in Fig. 
88. When it passes through its superior semicir- 
ele, or that which is more distant from the earth 
than Jupiter is, as e, f, g, its motion is direct, or 
according to the order of the signs; when it is 
in its inferior semicircle, nearer to us than Jupiter, 
as h, i,k, its apparent motion is in the opposite 
direction, or retrograde. Hence these satellites, as 
seen through a telescope, appear nearly in a 
straight line from the body of Jupiter, as repre- 
sented in Fig. 89. 

Magnitude of the Sateltites.— These bodies, 
though invisible to the naked eye, are neverthe- 
less of a considerable size. The following are 
their diameters in miles, as stated by Striive. The 
first satellite is 2508 miles in diameter, which is 
considerably larger than our moon. The second 
is 2068 miles in diameter, or about the size of the 
moon. The thirdis 3377 miles in diameter, which 
is more than seven times the bulk of the moon— 
The fourth is 2890 miles in diameter, or about 
three times the bulk of the moon; so that) the 
whole of Jupiter’s satellites are equal to nearly 
thirteenof our moons.* The superficial contents 
of the first satellite is 19,760,865 square miles; of 
the second, 13,435,442; of the third, 35,827,211 ; 
and of the fourth, 26,238,957 square miles» The 
number of square miles on all the satellites, is 
therefore, 95,262,475, or more than ninety-five 
millions of square miles, which is about double 
the quantity of surface on all the habitable parts 
of our globe. At the rate of 280 inhabitants to 
every square mile, these satellites would, there- 
fore be capable of containing a population of 
26,673 millions, which is thirty-three times greater 
than the population of the earth. 

The satellites of Jupiter may be seen with a 
telescope magnifying about thirty times; but in 
order to perceive their eclipses with advantage, a 
power of one hundred or one hundred and fifty 
times is ‘requisite. When the brilliancy of the 
satellites is examined at different times, it appears 
to undergo a considerable change. By comparing 
the mutual positions of the satellites with the 
times when they acquire their maximum of light, 
Sir W. Herschel concluded that, like the moon, 
they all turned round their axis in the same time 
that they performed their revolution round Jupi- 
ter. The same conclusion had been deduced by 
former astronomers in reference’ to the fourth 
satellite. 'Thissatellite was sometimes observed to 
take but half the usual time in its entrance on the 
dise of Jupiter or its exit from it, which was sup- 
posed to be owing to its having a dark spot upon 
it that covered half its diameter; and, by observ- 





*Former astronomers reckoned the bulk of the satellites 
larger than the dimensions here stated. Cassini and Maraldi 
reckoned the diameter of the third satellite to be one-eight- 
eenth of the diameter of Jupiter, and, consequently, nearly 
5000 miles in diameter; and the first and second to be one- 
twentieth of Jupiter’s diameter, or about 4450 miles ; which 
estimation would make the magnitudes of these bodies 
much larger than stated by Struve. 
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ing the period of its variations, it was wl 
that it had a rotation round its axis. cir- 
cumstances form a presumptive proof that the 
surface of these satellites, like our moon, are di- 
versified with objects of different descriptions, and 
with varieties of light! and shade. Cassini sus- 
pected the first satellite to have an atmosphere, 
because the shadow of it could not be seen, when 
he was sure it should have been, upon the dise of 
Jupiter, if it had not been shortened by its at- 
mosphere, asin thecase in respect to the shadow of 
the earth in lunar eclipses. 

From what has been stated respecting the mo- 
tions, magnitudes and eclipses of these satellites, it 
is evident they will present a most diversified and 
sublime scenery in the firmament of Jupiter.— 
The first satellite moves along a circumference of 
1,633,632 miles in the space of 4244 hours, at the 
rate of 38,440 miles an hour, which is a motion 
sixteen times, more rapid than that of the moon in 
its circuit round the earth. During this short pe- 
riod it presents to Jupiter all the appearances of a 
new moon, crescent, half moon, gibbous phase, 
and full moon, both in the increase and decrease; 
so that, in the course of twenty-one hours, it 
passes through all the phases which our moon ex- 
hibits to us: beside suffering an eclipse in passing 
through the shadow of the planet, and prcducing 
either a partial or total eclipse of the sun to cer- 
tain regions of Jupiter on which its shadow falls. 
The rapidity of its motion through the heavens 
will also be very striking; as it will move through 
the whole hemisphere of the heavens in the course 
of twenty-one hours, beside its daily apparent 
motion, in consequence of the diurnal rotation of 
Jupiter. ‘The other three satellites: will exhibit 
similar phenomena, but in different periods of 
time. Sometimes two or three of these moons, 
and sometimes all the four, will be seen shining in 
the firmament at the same time ; one like a cre- 
scent, one like a half-moon, and another in all its 
splendor as a full enlightened hemisphere; one 
entering into aneclipse, another emerging from it; 
one interposing between the planet and the sun, 
and for a short time intercepting his rays; one 
advancing from the eastern horizon, and another 
setting in the west; one satellite causing the 
shadows of objects on Jupiter to be thrown in one 
direction, and another satellite causing them to be 
projected in another, or in an opposite direction ; 
while the rapid motions of these bodies among the 
fixed stars will be strikingly perceptible. Eclipses 
of the satellites and of the sun will be almost an 
every-day phenomenon, and occultations of the 
fixed stars will be so frequent and regular as to 
serve as an accurate measure of time. 

The eclipses of Jupiter’s satellites afford signals 
of considerable use for determining the longitude 
of places on the earth. For this purpose tables 
of these eclipses, and of the times at which the 
satellites pass across the disc of Jupiter or behind 
his body, are caleulated and inserted in the nau- 
tical and other almanacs. These tables are adapted 
to the meridian of the Royal Observatory at 
Greenwich; and by a proper use of them, in con- 
nection with observations of the eclipses, the true 
meridian, or the distance of a place east or west 
from Greenwich, may be ascertained. For ex- 
ample: suppose, on the 27th of December, 1837, 
the immersion of Jupiter’s first satellite be ob- 
served to happen, in an unknown ‘meridian, at 15 
hours, 23 minutes, 10° seconds, I find by the 
tables that this immersion will happen at Green- 
wich at 13 hours, 34 minutes, 50 seconds of the 
same day. The difference of the timo is 1 hour, 
48 minutes, 20 seconds, which, being converted 
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into degrees of the equator (allowing 15 degrees 
for an hour), will make 27 degrees, 5 minutes, 
which is the longitude of the place of observation. 
This longitude is east of Greenwich, because the 
time of observation was in advance of the time 
at the British observatory. Had the time of 
observation been behind that of Greenwich, for 
example, at 13 hours, 4 minutes, 50 seconds, the 
place must then have been 714 degrees,west of 
the Royal Observatory. Before Jupiter’s opposition 
to the sun, or when he passes’ the meridian in the 
morning, the shadow is situated to the west of the 
planet, and the immersions happen on that side; 
but after the opposition the emersions happen to 
the east. "These eclipses cannot be observed with 
advantage unless Jupiter be cight degrees above, 
and the sun at least eight degrees below the 
horizon. 
» The eclipses of Jupiter’s moons first suggested 
the idea of the motion of light. As the orbit of 
the earth is concentric with that of Jupiter, the 
“mutual distance of these two bodies is continually 


varying. In the following figure let S represent 
Fis. 90 the sun; B, C, D, E, the 
Beh orbit of the earth; and 


G, H,a portion of the 
‘orbit of Jupiter. It is 
evident that when the 
“Cearth is at EZ. and Jupi- 
ter at A, the earth will 
be the semidiameter of 
its orbit nearer Jupiter 
than when it is at B or 
D; -and when at C it will 
be the whole diameter 
of its orbit, or 190,000,- 
000 of miles farther from 
Jupiter than when it is 
at E. Now if light 
were instantaneous,’ the 
satellite 7, to a spectator 
at B, would appear to 
enter into Jupiter’sshad- 
ow, ki, at the same mo- 
ment. of time as to 
another spectator at FE. 
But, from numerous ob- 
servations, it was found, 
that when the earth was 
7 at E, the immersion of 

the satellite into the shadow happened sooner by 





eight minutes and’a quarter than when the earth. 


was at B, and sixteen minutes and a half. sooner 
than when: the earth was at C. It was therefore 
concluded that light is not instantaneous, but 
requires a certain space of time to pass from one 
region of the universe to another, and that the 
time it takes in passing from the sun to the earth, 
-or across the semidiameter of the earth’s orbit, is 
oe minutes and a quarter, or at the rate of 
192,000 miles every second, which is more than 


ten hundred thousand times swifter thana cannon | 
ball the moment it is projected from the mouth | 


of the cannon; and therefore it is the swiftest 
movement with which we are acquainted in 
nature. It follows that, if the sun was annihi- 
lated, we should see him for eight. minutes after- 
ward; and if he were again created, it would be 
eight minutes before his 

The motion of light deduced from the eclipses of 
-Jupiter’s satellites has been confirmed by Dr. 
Bradley’s discovery of the aberration of light pro- 
duced by the annual motion of the earth, from 
~which it appears that the light from the fixed stars 
‘moves with about the same velocity as the light 
‘of the sun. 
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ight would be perceived. | 


II. ON THE SATELLITES OF SATURN. 


Saturn is surrounded with no less than seven 
satellites, which revolve around. him, at different 
distances, in a°manner similar to those of Jupiter. 
As they are more difficult to be perceived than 
the satellites of Jupiter, owing to the great dis- 
tance of*Saturn from the earth, none of them 
were discovered until the telescope was consider- 
ably improved; and more than a century inter- 
vened after the first five satellites until the sixth 
and seventh were detected. As was to be supposed, 
the larger satellites were first discovered. In the 
year 1665, about forty-five years after the inven- 
tion of the telescope, M. Huygens, a celebrated 
Dutch mathematician and astronomer, discovered 
the fourth satellite, which is the largest, with a 
telescope twelve feet long, Four of the others 
were discovered by Cassini; the fifth in 1671, 
which is next in brightness to the fourth; the 
third ‘in December, 1672; and the first and 
second in the month of March, 1684. These four 
satellites were first observed by common refracting 
telescopes of 100 and 136 feet in length; but, 
after being acquainted with them, he could see 
them all, in a clear sky, with a tube of thirty-four 
feet. The sixth and seventh satellites, were dis- 
covered by Sir W. Herschel in August, 1789, soon 
after his large forty feet reflecting telescope was 
completed. These are nearer to Saturn than the 
other five; but, to avoid confusion they are named 
in the order of their discovery. The following 
is the order of the satellites in respect of their 
distance from Saturn: 


Seventh. Sixth. First. Second, Third, Fourth, Fifth. 
1 2 6 7 


The motions and distances of these bodies have 
not been so accurately ascertained as those of 
Jupiter. The following statement contains a near 
approximation of their periods and distances. The 
seventh satellite, or that nearest to Saturn, is 
distant, 120,000 miles from the center of the 
planet, about 80,000 from its surface, and only 
about 18,000 miles beyond the edge of the outer 
ring. It moves round the planet in twenty-two 
hours, thirty-seven minutes, a cireuit of 377,000 
miles, at the rate of 16,755 miles an hour. The 
sixth satellite, or the second from Saturn, is dis- 
tant 150,000 miles, and finishes its revolution in 
one day, eight hours, fifty-three minutes. The 
first of the old satellites, or the third from Saturn, 
finishes its periodical revolution in one day, 
twenty-one hours, eighteen minutes, at the dis- 
tance of 190,000 miles. The second (or fourth 
from Saturn), in two days, seventeen hours, forty 
four and three-quarter minutes, at the distance of 
243,000 miles. The third (fifth from Saturn), 
in four days, twelve hours, fifty-five minutes, at 
the distance of 340,000 miles. ‘The fourth (sixth 
from Saturn), in fifteen days, twenty-two hours 
fifty-one minutes, at the distance of 788,000 miles. 
The fifth (seventh from Saturn), in seventy-nine 
days, seven hours, and fifty-four and a half min- 
utes, at the distance of 2,297,000 miles. 

The orbits of the six inner satellites are inclined 
about thirty degrees to the plane of Saturn’s 
orbit, and lie almost exactly in the plane of the 
rings, and therefore they appear to move in ellipses 
similar to the ellipses of the rings. But the orbit 
of the fifth or outer satellite, makes an angle with 
the plane of Saturn’s orbit ‘of 24 degrees, 45 min- 
utes. These satellites, having their orbits inclined 
at so great angles to Saturn, cannot cross the 
body of that planet, or go behind it, or pass 
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through its shadow, as Jupiter’s satellites do, ex- 
cept on rare occasions, and hence: they “very 
seldom suffer eclipses or occultations. The only 


time when eclipses happen is near the periods 


when the ring is seen edgewise. The fifth or most 
distant satellite is sometimes invisible in the east- 
ern part of its orbit, which is supposed to arise 
from one part of the satellite being less luminous 
than the rest. Sir W. Herschel observed this 
satellite through all the variations of its light, and 
concluded, as Cassini had done before, that it 
turned round its axis like our moon, in the same 
time that it performed its revolution round Saturn. 
In consequence of this rotation, the obscure part 
of its disc is turned toward the earth when in the 
part of its orbit east of Saturn; and the luminous 
portion of its surface is turned to the earth and 
becomes visible while it passes through the west- 
ern part of its course. 

Of these satellites the two innermost are the 
smallest and the most difficult to be perceived.— 
They have never been discerned but with most 
powerful telescopes, and then under peculiar cir- 
cumstances. At the time of the disappearance of 
the ring, “they have been seen threading, like 
beads, the most infinitely thin fiber of light to 
which it is then reduced, and, for a short time, 
advancing off it at either end.” Few astronomers 
beside Sir W. Herschel and his son have been able 
to detect these small bodies. ‘The celebrated 
Schroeter and Dr. Harding, on the 17th, 20th, 21st, 
and 27th of February, 1798, obtained several 
views of the sixth satellite (the second from Sa- 
turn) by means of a reflecting telescope 13 feet 
long, carrying a power of 288. Their observa- 
tions fully confirmed the accuracy of Sir W. 
Herschel’s statement of the period of its revolu- 
tions The first and second satellites (third and 
fourth from Saturn) are the next smallest; the 
third (fifth from Saturn) is greater than the first 
and second ; the fourth (sixth from Saturn) the 
most conspicuous and the most distant satellite, 
according to Sir John Herschel, is by far the 
largest, although it is not so conspicuous in one 
part of its orbit. In order to see any of the satel- 
lites of this planet, a good telescope, with a power 
of at least 70 or 80 times, is requisite, and with 
such a power only the two outermost satellites 
will be perceived. To perceive all the five old 
satellites requires a power of at least 200 times, 
and a considerable quantity of light. 

Magnitude of Saturn’s Satellites ——The precise 
bulk of thesesatellites has not yet been accurately 
determined. Sir John Herschel estimates the most 
distant satellite, which he thinks the largest, as 
not much inferior in size to the planet Mars, 
which is 4200 miles in diameter. The fourth 
satellite, which is the most conspicuous, cannot 


be supposed to be much inferior to it in bulk.—.- 


But as the precise dimensions of most of the in- 
ner satellites cannot be estimated with accuracy, 
we shall not, perhaps, exceed the dimensions of 
these bodies if we suppose for thé whole a general 
average of 3000 miles diameter for each. On this 
assumption, the surface of each satellite will con- 
tain 28,274,400 of square miles, which is nearly 
double the area of our moon. The area of all the 
seven satellites will therefore amount to 197,920,- 
800 square miles, which is four times the quantity 
of surface on all the habitable parts of the earth. 
At the rate of 280 inhabitants to the square mile, 
these satellites would therefore contain 55,417,- 
824,000, or more than fifty-five thousand millions 
of inhabitants, which is sixty-nine times the popu- 
lation of our globe. 

These satellites will present a beautiful and 
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variegated appearance in the firmament of Saturn; 
the nearest satellite, being only 80,000 miles from 
the. swrface of the planet, which is only the one- 
third of the distance of the moon from the earth, 
will exhibit avery large and splendid appearance. 
Supposing it to be only about the diameter of our 
moon, it will present a surface nearly nine times 
larger than the moon does-to us; and in the course 
of twenty-two and a half hours will exhibi 
the phases of a crescent, half moon, full moon, 
&c., which the moon presents to us in the course 
of a month; so that almost every hour its phase 
will be sensibly changed, and its motion round the 
heavens will appear exceedingly rapid. While, in 
consequence of the diurnal rotation of Saturn, it 
will appear to move from east to west, it will alse 
be seen moving with a rapid velocity among the 
stars in a contrary direction, and will pass over a 
whole hemisphere of the heavens in the course of 
eleven hours. The next satellite in order from 
Saturn, being only 110,000 miles from its surface, 
will also present a splendid appearance, much 





larger than our moon, and will exhibit all the - 


phases of the moon in the course of sixteen hours. 
All the other satellites will exhibit somewhat simi- 
lar phenomena, but in different periods of time. 
They will appear, when viewed from the surface 
of Saturn, of different sizes; some of them nine 
times larger than the moon appears to us, some 
three times, some double the size, and it is proba- 
ble that even the most distant satellites will appear 
nearly as large as our moon, so that a most beau- 
tiful and sublime variety of ‘celestial phenomena 
will be presented to a spectator in the heavens of 
Saturn, beside the’ diversified aspects of the rings 
to which we formerly adverted,’all displaying the 
infinite grandeur and beneficence of the Creator. 


Tv. ON THE SATELLITES OF URANUS. 


This planet is attended by six satellites, all of 
which were discovered by Sir W. Herschel, to 
whom we owe the discovery of the planet itself. 
The second and fourth satellites were detected in 
January, 1787, about six years after the planet 
was discovered ; the other four were discovered 
several years afterward, but their distances and 
periodical revolutions have not been so accurately 


-ascertained as those of the two first discovered. 


The first of these satellites, or the nearest to 
Uranus, completes its sidereal revolution in 5 days, 
21 hours, and 25 minutes, at the distance of 224,- 
000 miles from the center of the planet. ‘The se- 
cond in 8 days, 17 hours, at the distance of 291,- 
000 miles. The third in 10 days, 23 hours, at the 
distance of 340,000 miles. The fourth in 13 days, 
11 hours, at the distance of 390,000 miles. The 
Sifth in 38 days; 1 hour, 48 minutes, at the distance 
of 777,000 miles. The siath in 107 days, 16 
hours, 40 minutes, at the distance of 1,556,000 
miles. 

These bodies present to our view some remark 
able and unexpected peculiarities. Contrary to 
the analogy-of the whole planetary system, the 
ylanes of their orbits are nearly perpendicular to 
the ecliptic, being inclined no less than 79 degrees 
to that plane. Their motions in these orbits are 
likewise found to be retrograde, so that, instead of 
advancing from west to east round Uranus, as all 
the other planets and satellites do, they move in 
the opposite direction. Their orbits are quite 
circular, or very nearly so, and they do not appear 
to have undergone any material change of. incli- 
nation since the period of their discovery. “These 
anomalous peculiarities,’ says Sir John Herschel, 
“seem to occur at the extreme limits of the system, 
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as if to prepare us for further departure from sth "bit rode is from its center. But as the inner 


its analogies in other systems which may yet be 
disclosed to us’’ in the remotér regions of space. 
The satellites of Uranus are the most difficult 
objects to perceive of any within the boundary 
of the planetary system, excepting the two inte- 
satellites of Saturn; and efore few ob- 
excepting Sir William and Sir John Her- | 
ve obtained a view of them. Their. 
s, of course, have never been precisely 
; ed; but there is every reason to believe 
that they are, on an average, as large as the 
satellites of Saturn, if not larger, otherwise they: 
could not be perceived at the immense distance at 
which they are placed from our globe. Suppo- | 
sing them, on an average, to be 3000 miles in dia- 
meter—and they can scarcely be conceived to be 
less—the surfaces of all the six satellites will con- 
tain 169,646,400 square miles, or about 314 times 
the area ofall the habitable portions of the earth; 
and which, at the rate formerly stated, would af- 
ford scope for a population of 47,500,992,000, or 
-above forty-seven thousand millions, which is 
about sixty times the present number of the in- 
habitants of the earth. 

The satellites of Uranus seldom suffer eclipses; 
but ag the plane in which they move must pass 
twice in the year-through the sun, there may be 
eclipses of them at those times ; but they can be 
seen only when the planet is near its. opposition. 
Some eclipses were visible in 1799 and 1818, when 
they appeared to ascend through the shadow of 
the planet im a direction almost perpendicular to 
the plane of its orbit. It is probable that this 
planet is attended with more satellites than those 
which have yet been discovered. It is not unlike- 
ly that two satellites, at least, revolve between the 
body of the planet and the first satellite ; for the 
third satellite of Saturn is not nearly so far distant 
from the surface of that planet as the first satellite 










satellites may be supposed to be the smallest, and 
yet present as large a surface to the planet as the 
exterior ones, it is probable that, on account of 
their diminutive size, they may never be detected. 
It is likewise not improbable that two satellites 
may exist in the large spaces which intervene be- 
tween the orbits of the fourth and fifth, and the 
fifth and sixth satellites. All these satellites will 
not only pour a flood of light on this distant planet, 
but will exhibit a splendid and variegated ap- 
pearance in its nocturnal firmament. 

The satellites of Jupiter, Saturn, and Uranus, 
of which we have given a brief description in the 
preceding pages, form, as it were, so many dis- 
tinct planetary systems in connection with the 
great system of the sun. The same laws of mo- 


‘tion and gravitation which apply to the primary 


planets are also applicable to the secondary planets 
or moons. The squares of their periodical times 
are in proportion to the cubes of their distances. 
They are subject to the attraction of their prima- 
ries, as all the primary planets are attracted by the 
sun; and as the sun, in all probability, is carried 
round a distant center along with all his attend- 
ants, so the satellites are carried round the sun 
along with their respective planets; partly by the 
influence of these planets, and partly by the at- 
tractive power of the great central luminary.— 
Each of these secondary systems forms a systera 
by itself, far more grand and extensive than the 
whole planetary system was conceived to be in 
former times. Even the system of Saturn itself, 
including its rings and satellites, contains a mass 
of matter more than a thousand times larger than 
the earth and moon. The system of Jupiter 
comprises a mass of matter nearly fifteen hun- 
dred times the size of these two bodies; and even 
that of Uranus is more than eighty times the 
dimensions of our terrestrial system. 


CAPT ERY, 


ON THE PERFECTIONS OF THE DEITY, AS DISPLAYED IN THE-PLANETARY 
\ SYSTEM. 


Aux the works of nature speak of their Author 
in language which can scarcely be misunderstood. 
They proclaim the existence of an original, un- 
created Cause, of an eternal Power and Intelli- 


» ligence, and of a supreme agency which no crea- 


being can control. ‘The heavens,” in a par- 
cular manner, “declare the glory of God, and 
the firmament showeth forth his handiwork.”’-— 
When we consider the heavenly orbs in their 
size, their distance, the rapidity of their motions, 
and the regularity and harmony with which they 
perform their respective revolutions, it is obvious 
to the least attentive observer that such bodies 
could not have formed themselves, or have ar- 
ranged their motions, their periods, and their laws 
in the beautiful order in which we now behold 
them. Motion of every kind supposes a moving 
power. As matter could not make itself, so 
neither can it set itself in motion. Its motion 
must commence from a power exterior to itself, 
and that power must correspond in energy to the 





effect produced. In the planetary system we find 
bodies a thousand times larger than the earth mo- 
ving with a velocity sixty times greater than a 
cannon ball, and carrying along with them in 
their train other expansive globes in the same 
swift career. Such motions could only proceed 
from a power which is beyond calculation or hu- 
man comprehension; and such a power can only 
reside in an uncreated, self-existent, and inde- 
pendent Intelligence. The continuance of such 
motions must likewise depend upon the incessant 
agency of the same Almighty Being, either di- 
rectly, or through the medium of such subordi- 
nate agents as he is pleased to appoint for the ac- 
complishment of his designs. In this respect the 
laws of motion, of attraction, gravitation, electri- 
city, and other powers, are so many agents, under 
the direction and control of the Almighty, for 
carrying forward the plans of his physical and 
moral government of the universe. 

The study of astronomy ought always to have 
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in view as its ultimate object, to trace the Divine 
perfections as displayed in the phenomena of the 
heavens. For, as our poet Milton expresses it, 
“Heaven is as the book of God before us set, 
wherein to read his wondrous works,’”? There is 
no scene we can contemplate in which the attri- 
butes of the Divinity are so magnificently dis- 
played. It is in the heavensalone that we perceive 
a sensible evidence of the infinity of his perfec- 
tions, of the grandeur of his operations, and of 
the immeasurable extent of his universal domin- 
ions. Even the planetary system, small ‘as it is 


in comparison of the whole extent of creation, | 


contains within it wonders of creating Omnipo- 
tence and skill which almost overpower the 
human faculties, and demonstrate the “ eternal 


power and godhead ” of Him who at first brought, 


it into existence. "To consider astronomy merely 
as a secular branch of knowledge, which improves 
navigation, and gives scope to the mathematician’s 
skill, and to overlook the demonstrations it affords 
of the invisible Divinity, would be ‘to, sink this 
noble study far below its native dignity, and to 
throw into the.shade the most illustrious manifes- 
tations of the glories of the Eternal mind. 

When we contemplate the stupendous globes 
of which the planetary system is composed, and 
the astonishing velocity with which they run 
their destined rounds, we cannot but be struck 
with an impressive idea of the power of the Deity; 
of the incomprehensible EnErcrEs of the Eternal 
Mind that first-launched them into existence. 
What are all the efforts of puny man as displayed 
in the machinery he‘has set in motion, and in the 
most magnificent structures he has reared, in com- 
parison with worlds a thousand times larger than 
this earthly ball, and with forces which impel 
them in their courses at the rate of thirty thous- 
and, and even a hundred thousand miles an hour! 
The mind is overpowered and bewildered when it 
contemplates such august and magnificent ope- 
rations. Man, with all his imaginary pomp and 
greatness, appears, on comparison, as a mere mi- 
croscopic animalcula, yea, as “less than nothing 
and vanity;’’? and such displays of the omnipo- 
tence of Jehovah are intended to bring down the 
“lofty looks of men,” and to stain the pride of 
all human grandeur, “that no flesh should glory 
in his presence.”? Without materials, and with- 
out the aid of instruments or machinery, the 
foundations of the planetary system were laid, 
and all its arrangements completed. “ He only 
spake and it was done;’”’ he only gave the com- 
mand, and mighty worlds started into existence 
and ran their spacious rounds. “By the word 
of the Lord were the heavens made, and all. the 
host of them by the breath of His mouth.” That 
Almighty Being who, by a single volition, could 
produce such stupendous effects, must be capable 
of effecting what far transcends our limited con- 
ceptions. His agency must be universal and 
uncontrollable, and*no created being can ever 
hope to frustrate the purposes of his will or 
counteract the designs of his moral government. 
Whatever he has promised will be performed; 
whatever he has predicted by his inspired messen- 
gers must assuredly be accomplished. “or the 
kingdom is the Lord’s, He is the Governor among 
the nations,”’ and all events, and the movements 
of all intelligent beings, are subject to his sove- 
reign control. “Though the mountains should 
be carried into the midst of the seas, and the 
earth reel to and fro like a drunkard;”’ yea, though 
this spacious globe should be wrapped in flames, 
and “all that it inherits be dissolved,” yet that 
power which brought into existence the planetary 
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worlds, sind pesiePeprted them in their rapid 
career for thou: ads of years, can cause ‘new 


heavens and a new earth, wherein dwelleth right- 
eousness,”’ to arise out of its ruins, and to remain 
in undiminished beauty and splendor. 

“The heavens,” says an inspired writer 
clare the gory of the Lord, and there is 
nor language where their voice is not 
Even the pagan nations were impre 
power of a supreme intelligence fro 
plation of the nocturnal firmament. ‘Whe 
behold the heavens,”’ says Cicero, “ when we con- 
template the celestial bodies, can we fail of con- 
viction? Must we not acknowledge that there is 
a Divinity, a perfect being, a ruling intelligence 
that governs, a God who is everywhere, and directs 
all by his power? Any one who doubts this may 
as well deny that there is a sun that enlightens 
us.”’ » Plato, when alluding to the motions of the 
sun and planets, exclaims, ‘* How is it possible for 
such prodigious masses to be carried round for so 
long a period by any natural cause? for which 
reason I assert God to be the great and first cause, 
and that it is impossible that it should be other- 
wise.” 

A very slight view of the planetary system is 
sufficient to impress our minds with an overpower- 
ing sense of the grandeur and omnipotence of the 
Deity. In one part of it we behold a globe four- 
teen hundred times larger than our world flying 
through the depths of space, and carrying along 
with it a retinue of revolving worlds in its swift 
career. In amore distant region of this system 
we behold another globe, of nearly the same size, 
surrounded by two magnificent rings, which 
would inclose 500 worlds as’ large as ours, wing- 
ing its flight through the regions of immensity, 
and conveying along with it seven planetary 
bodies larger than our moon, and the stupendous 
arches with which it is encircled, over a circum- 
ference of five thousand seven hundred millions 
of miles. Were we to suppose ourselves placed 
on the nearest satellite of this planet, and were 
the satellite supposed to be at rest, we should 
behold a scene of grandeur altogether overwhelm- 
ing; a globe filling a great portion of the visible 
heavens, encircled by its immense rings, and sur- 
rounded by its moons, each moving in its distinct 
sphere and around its axis, and all at the same 
time flying before us in perfect harmony with the 
velocity of 22,000 miles an hour. Such a scene 
would far transcend everything we now behold 
from our terrestrial sphere, and all the conceptions 
we can possibly form of motion, of sublimity, 
and grandeur. Contemplating such an assem- 
blage of magnificent objects moving through the 
ethereal regions with. such astonishing velocity, 
we would feel the full force of the sentiments of 
inspiration: “Tue Lorp Gop OmnrrorenT 
REIGNETH. His power is irresistible; His greatness 
is unsearchable; wonderful things doth he which — 
we cannot comprehend.”” The motions of t 
bodies which compose this system convey an im- 
pressive idea of the agency and the energies of 
Omnipotence. One of these bodies, eighty times 
larger than the earth, and the slowest moving orb 
in the system, is found to move through its ex- 
pansive orbit at the rate of fifteen thousand miles 
an hour; another at twenty-nine thousand miles 
in the same. period, although it is more than a 
thousand times the size of our globe; another at 
the rate of eighty thousand miles; and a fourth 
with a velocity of more than a hundred thousand 
miles every hour, or thirty miles during every 
beat of our pulse. The mechanical forces requi- 
site to produce such motions surpass the mathe- 
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hensible and overwhelming to our limited facul- 

ties, exhibit a most convincing demonstration of 

the canes of an agency and r which no 
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w an object} 
ogether overpowering to human intel- 
of which, in our present state, we shall 
never be able to form an adequate conception. A 
luminous globe, thirteen hundred thousand times 
larger than our world, and five hundred times 
more capacious than all the planets, satellites, and 
comets taken together, and this body revolving 
round its axis and through the regions of space, 
extending its influences to the remotest spaces of 
the system, and retaining by its attractive power 
all the planets in their orbits, is an object which 
the limited faculties of the human mind, however 
improved, can never grasp, in all its magnitude 
and relations, so as to form a full and comprehen- 
sive idea of its magnificence, But it displays in 
a most astonishing manner the GranpEur of Him 
who launched it into existence, and lighted it up 
“by the breath of his mouth;” and it exhibits to 
all intelligences a demonstration of his “eternal 
power and godhead.’’ So that, although there 
were no bodies existing in the universe but those 
of the planetary system, they would afford an 
evidence of a power to which no limits can be 
assigned; a powER which is infinite, universal, and 
uncontrollable. 
The planetary system likewise exhibits a display 
of the wisdom and intelligence of the Deity. If it 
- is an evidence of wisdom in an artist that he has 
arranged all the parts of a machine, and propor- 
tioned the movements of its different wheels and 
pinions so as exactly to accomplish the end in- 
tended, then the arrangement of the planetary 
system affords a bright display of “the manifold 
wisdom of God.’’ Inthe center of this system is 
placed the great source of light and heat; and from 
no other point could those solar emanations be 
propagated, in an equable and uniform manner, to 
the worlds which roll around it. Had the sun 
been placed at a remote distance from the center, 
or near one of the planetary orbits, the planets in 
one part of their course would have been scorched 
with the most intense heat, and in another part 
would have been subjected to all the rigors of 
excessive cold; their motions would have been 
deranged, and their present constitution destroyed. 
The enormous bulk of this central body was like- 
wise requisite to diffuse light and attractive influ- 
ence throughout every part of the system. The 
diurnal rotations of the planets evince the same 
wisdom and intelligence. Were these bodies des- 
titute of diurnal motions, one-half of their sur- 
& would be parched with perpetual day, and 
other half involved in the gloom of a perpet- 
ual night. To the inhabitants of one hemisphere 
the sun would never appear, and to the inhabitants 
of the other the stars would be invisible; and those 
expansive regions of the universe, where the 
Magnificence of God is so strikingly displayed, | 
would be forever vailed from their view. The 
permanency of the axes on which the planets 
revolve was likewise necessary, in order to the 
sta “of the system and the comfort of i 
inhabitants; and so we find that their poles poin 
_ invariably in the same direction or to the samo | 
points of the heavens, with only a slight variation 
scarcely perceptible until after the lapse of cen- 
turies. As the planets are of a spheroidal figure, 
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frequent and sudden 


nad the direction of their axes been liable to 


anges, the most alarm: 
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In such a globe as ours, the shifting of its axis 
might change the equatorial parts of the earth 
into the polar, or the polar into the equatorial, to 
the utter destruction of those plants and animals 


| which are not capable of interchanging their situ- 


ations. Such a change would likewise cause the 
seas to abandon their former positions, and to 
rush to the new equator; the consequence of 
which would be, that the greater part of the men 
and animals, with which it is now peopled would 
be again overwhelmed ina general deluge, and the 
habitable earth reduced to a cheerless desert. But 
all such disasters are prevented by the permanent 
position of the axis of our globe and of the other 
planets during every part of their annual revolu- 
tions, as fixed and determined by Him who is 
‘wonderful in counsel and excellent in working.”’ 
The same wisdom is ‘conspicuous in so nicely 
balancing and proportioning the magnitudes, mo- 
tions, and distances of the planetary orbs. We 
find that the larger planets move in orbits most 
remote from the smaller planets and from the 
center of the system. If the great planets Jupiter 
and Saturn had moved in lower spheres and at no 
reat distance from the smaller, their attractive 
orce would have had a much more powerful 
influence than it now has in disturbing the plane- 
tary motions, and might have introduced con- 
siderable confusion into the system. But, while 
they revolve at so great distances from all the 
inferior planets, their influence is inconsiderable, 
and the slight perturbations they produce are not 
permanent, but periodical; they come to a limit, 
and then go back again to the same point as before. 
Again, the law of gravitation, by which the planets 
are directed in their motions, is also an evidence 
of Divine intelligence. The law is found to act 
reciprocally as the square of the distance; that 
is, at double the distance it has one-fourth, and at 
triple the distance one-ninth of the foree; at one- 
half the distance it has four times, and at one- 
third the distanee it has nine times the strength 
or influence. Now it could easily be shown, that 
a law directly opposite to this, or even differing 
materially from it, would not only derange the 
harmony of the system, but’ might be attended 
with the most disastrous consequences. If, for 
instance, a planet as large and as remote as Saturn 
had attracted the earth in proportion to the quan- 
tity of matter it contains, and, at the same time, 
in any proportion to its distance; in other words, 
had its attractive power been greater the farther 
it was removed from us, it would have dragged 
our globe out of its course, deranged its motions, 
and, in all probability, deprived us of the security 
we now possess, and of all the prospects and 
enjoyments which depend upon its equable and 
harmonious movements. There is no contrivance 
in the system more wonderful than the rings of 
Saturn. That these rings should be separated 
thirty thousand miles from the body of the planet; 
that they should, notwithstanding, accompany the 
planet in its revolution round the sun, preserving 
invariably the same distance from it; that they 
should revolve round the planet every ten hours, 
at the immense velocity of more than a thousand 
miles in a minute; and that they should never 
fly off to the distant regions of space, nor fall 
down upon the planet, are circumstances which 
require adjustments far more intricate and exqui- 
site than we can conceive, and demonstrate that 
the almighty contriver of that stupendous appen- 
dage to the globe of Saturn is “ great in counsel 
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ana mighty in operation.” Yet these adjustments, 
in whatever they may consist, have been com- 
pletely effected. For this planet has been flying 
through the regions of space in a regular curve 
for thousands of years, and the system of its 
satellites and rings still remains permanent and 
unimpaired as at its first creation. 

An evidence of wisdom may likewise be per- 
ceived in the distance at which each planet is 
placed from the great central body of the system. 
In the case of our own globe, its distance from 
the ‘sun is so adjusted as to correspond to the 
density of the earth and waters, to the temper 
and constitution of the bodies of men and’ other 
animals, and to the general state of all things 
here below. The quantity of light which the 
central luminary diffuses around us is exactly 
adapted to the structure of our eyes, to the width 
of their pupils, and the nervous sensibility of the 
retina. The heat it produces, by its action on the 
caloric connected with our globe, is of such a 
temperature as is exactly suited to the nature of 
the soil and to the constitution of the animal and 
vegetable tribes. It is placed at such a distance 
as to enlighten and warm us, and not so near as 
to dazzle us with its splendor or scorch us with 
its excessive heat; but to cheer all the tribes of 
living beings, and to nourish the soil with its 
kindly warmth. Were the earth removed fifty 
millions of miles farther from the sun, everything 
around us would be frozen up, and we should be 
perpetually shivering amid all the rigors of exces- 
sive cold. Were it placed as much nearer, the 
waters of the rivers and the ocean would be 
transformed into vapor; the earth would be har- 
dened into an impenetrable crust; the process of 
vegetation would cease; and all the orders of ani- 
mated beings would faint under the excessive 
splendor of the solar beams. There can be no 
doubt that the distances of the other planets are 
likewise adapted to the nature of the substances 
of which they are composed and the constitution 
of their inhabitants. We find that the densities 
of these bodies decrease in proportion to their dis- 


tance from the sun; and it is highly probable that 


this is one reason, among others, why they are 
placed at different distances, and are thus adapted 
to the greater or less degree of influence which 
the central luminary may produce on their sur- 
faces. 

The figures of the planetary bodies likewise 
indicate contrivance and intelligence. They are 
all either of a spherical or spheroidal form, and 
this figure is evidently the best adapted to a habi- 
table world. It is the most capacious of all forms, 
and contains the greatest quantity of area in the 
least possible space. It is the best adapted to 
motion, both annual and diurnal, every part of 
the surface being nearly at the same distance from 
the center of gravity and motion. Without this 
figure there could have been no comfortable and 
regular alternations of day and night in our world 
as we now enjoy, and the light of the sun and 
the mass of waters could not have been equably 
distributed. Had the earth been of a cubical, 
prismatic, or pentagonal form, or of any other 
angular figure, some parts would have been com- 
paratively near the center of gravity, aud others 
hundreds. or thousands of miles farther from. it; 


certain countries would have been exposed to| 


furious tempests, which would ‘have overturned 
and destroyed every object, while others would 
have been stifled for want of currents and agita- 
tion in the air; one part would have been oyver- 
whelmed with water, and another entirely desti- 
tute of the liquid element; one part might have 
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another might have been within the shadow of 
elevations a hundred miles high, and in regions 
of insufferable cold. In short, while one-country 


might have resembled a paradise, others would 
have been jtransformed into a c where 
nothing was ‘be seen but barre s and 


hideous desolation; but the globular figure sa 

all 
such inconveniences and evils, and secures to us 
all‘ the advantages we enjoy from the equable 
distribution of light and ‘gravity, of the waters of 
our seas and rivers, and of the winds and motions 
of the atmosphere; and arrangements similar or 
analogous are enjoyed by all the other. planetary 
worlds, in consequence of the globular figure 
which bas been impressed upon them: 

The same Divine Wisdom is displayed through- 
out the solar system in the nice adjustment of the 
projectile velocity to the attractive power. ‘The 
natural tendency of all motion, impressed by a 
single force, is to make the body move in a 
straight line. The projectile force originally given 
to the planets, if not counteracted, would carry 
them away from the sun, in right lines, through 
the regions of infinite space. On the other hand, 
had the planets been acted upon solely by an 
attractive power proceeding from the center, they 
would have moved with an inereased velocity 
toward that center, and, in a short time, have 
fallen upon the body of the sun. Now the Divine 
Intelligence strikingly appears in nicely propor- 
tioning and balancing these two powers, so as to 
make the planets describe orbits nearly circular. 
If these powers had not been accurately adjusted, 
the whole system would have run into confusion. 
For, were the velocity of any planet double to 
what would make it move in.a circle or ellipse, it 
would rush from its sphere through the regions 
of immensity, and never again return to its 
former orbit. Or, should half its velocity be 
taken away, the planet would descend obliquely 
toward the sun until it became four times nearer 
him than before, and then ascend to its former 
place; and by ascending and descending alter- 
nately, would describe a very eccentric orbit, and 
would feel the influence of the solar light and 
power sixteen times greater in one part of its 
course than in another; which would prevent 
such a globe as ours, and probably.all the plane- 
tary bodies, from being habitable worlds. But, 
in this respect, every part of celestial mechanism 
is adjusted with the nicest skill, and the whcle 
system appears a scene of beauty, order, and 
stability worthy of the intelligence of Him “who 
hath established the world by his wisdom, and 
stretched out the heavens by his understanding.” 
And as the power of gravitation was first im- 
pressed upon matter by the hand of the Creator, 
so its continued action is every moment depen- 
dent on his sovereign will. Were its influence 
be suspended, the whole system would imm 
diately dissolve and run into confusion. The 
centrifugal force of the planets, in whirling round 
their axes; would shatter them into pieces and 
dissipate their parts throughout the circumam- 
bient spaces; every portion of matter would fly 
in straight lines, according as the projectile force 
chanced to direct at the moment this power was 
suspended; and the regions of infinite space, 
instead of presenting a prospect of beauty and 
order, would become a scene of derangement, 
overspread with the wrecks of all the globes in 
the universe; so that the order and stability of 
universal nature entirely depends upon the will 
and the omnipotence of the Deity in sustaining 


“influence of the sun, while. 


104 CELESTIAL 


in constant action the power. of universal previ 

tion. Were it his pleasure that the material world, 
should be dissolved and its inhabitants destroyed, 
he has only to interpose his Almighty fiat, and 
proclaim, “Let the power of attraction be sus- 
ended apa the vast universe would soon, be 
unhinged and return to its original chaos. 

In short, the depth of the Divine Wisdom 
might have been illustrated from the constant 
proportion between the times of the periodical 
revolutions of all the planets, primary and secon- 
dary, and the cubes of their mean distances; from 
the constancy and regularity of their motions, 
that, amid so immense a variety of moving masses, 
all should observe their due bounds and keep their 
appointed paths, to answer the great,ends of their 
creation; from the exactness with which they run 
their destined rounds, finishing their circuits withso | 
much accuracy as not to deviate from the periods 
of their revolutions a single minute in a hundred 
years ; from the distances of the several planets 
from the sun, compared with their respective 
densities; from their velocities in their orbits com- 
pared with their distances from the central lumi- 
nary; from the wonderful simplicity of the laws 
on which so much beauty, harmony, and enjoy- 
ment depend ; and from various other considera- 
tions, all which would tend to demonstrate that 
He who framed the planetary system is “ the only 
wise God,” whose. “understanding is infinite,” 
and the depth of whose intelligence is ‘past find- 
ing out.” 

From what we have now stated, we may seé 
what a beautiful and divine fabric the solar system 
exhibits. Like all the arrangements of Infinite | 
Wisdom its foundations are plain and simple, but | 
its superstructure is wonderful and diversified.— | 
The causes which produce the effects are few, but 
the phenomena are innumerable. While the ends 
to be accomplished are numerous and various, the 
means are the fewest that could possibly bring the 
design into effect. Wyhat a striking contrast is 
preseuted between the works of Omnipotence as 
they really exist, and the bungling schemes of the 
ancient astronomers? who, with all their cycles, 
epicycles, concentric and eccentric circles, their 
deferents, and solid crystalline spheres, could 
never account for the motions of the planetary 
orbs, nor explain their phenomena. The plans 
of the Almighty, both in the material ‘world and 
in his moral government, are quite unlike the cir- 
cumscribed and complex schemes of man, Like 
himself, they are magnificent and stupendous, and 
yet accomplished by means apparently weak and 
simple.. All his works are demonstrations, not 
only of his existence, but, of his inserutable wis- 
dom a ae providence. As the ac- 
complishments of every workman are known from 
the work which he executes, so the operations of 
the Deity evince his supreme agency and his 

undless perfection’. What being less than infi- 
nite could have arranged the solar system, and 
Jaunched from his hand the huge masses of the 
planetary worlds?) What mathematician could so 
nicely calculate their distances and arrange their 
motions? Or what mechanic so accurately con- 
trive their figures, adjust their movements, or 
balance their projectile force with the power of 
gravitation? None‘but He whose power is su- 
preme and irresistible, whose agency is universal, 
and whose wisdom is unsearchable. o 

In the last place, the planetary system exhibits 
a display of the coopyess of the Greator and of 
his superintending care.’ The goodness of God is 
that perfection of his nature by which he delights 
to communicate happiness to every ordor of his 
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& 
creatures. Now all the movements and arrange- 
ments of the planetary bodies are so ordered and 
directed as to act in subserviency to the happiness 
of sentient and intelligent beings. . This is evi- 
dently the grand design of all the wise contrivances 
to which we have adverted. The spherical figure 
given to all the planets for the regular distribution 
of the waters»of the seas and rivers, and of the 


‘currents of the atmosphere; their rotation on their 


axes, to produce the alternate succession of day 
and night ;\ the situation of the sun in the center 
of the system, for the equable distribution’ of 
light and heat to surrounding planets; and an ap- 
paratus of rings and moons, to reflect a mild 
radiance in the absence. of the sun, are contri- 
vances which ean only have a respect to the com- 
fort and convenience of animated beings; for 
they can serve no purpose to mere inert matter 
devoid of life and intelligence, and the Creator, 
so far as we know, never employs means without 
a corresponding end in view. In our world, the 
utility of these arrangements, in order to our 
happiness, is obvious to the least reflecting mind. 
Without light our globe would be little else than. 
a gloomy prison; for it is this that cheers the 
heart of man, and unvyails to our view the beauties 
and sublimities of creation; and had the earth no 
rotation, and were the sun continually shining on 
the same hemisphere, the temperate zones as well 
as the equatorial regions would be parched with a 
perpetual day, the moisture of the soil evaporated, 
the earth hardened, vegetables deprived of nour- 
ishment, the functions of the atmosphere deranged, 
and numerous other inconveniences would ensue, 
from which we are now protected by the existing 
arrangements of nature; and-as such contrivances 
are essential to the comfort of the inhabitants of 
the earth, so we have every reason to conclude 
that these and all the additional arrangements 
connected with other planets are intended to pro- 
mote the enjoyment of the different orders of 


/Sensitive and intelligent existence with which they 


are peopled. 

As the object of the wise contrivances of the 
Deity is thecommunication of happiness, it would 
be inconsistent with every rational view we can 
take of his wisdom and intelligence not to admit 
that the same end is kept in view in every part of 
his dominions, however far removed from the 
sphere of our ‘immediate contemplation, and 
though we are not permitted, in the meantime, to 
inspect the minute details connected with the 
economy of other worlds; for the Creator must 
always be considered as consistent with himself, 
ds acting on the same eternaland immutable prin- 
ciples at all times, and throughout every depart- 
ment of his empire. He cannot be supposed to 
deyise means in order to accomplish important 
ends in relation to our world, while in other re- 
gions of creation he devises means for no end at 
all. To suppose, for a moment, such a thing 
possible, would be highly derogatory to the Divine 
charaeter, and would confound all our ideas of the 
harmony and consistency: of the attributes of him 
who is “the only wise God.” We have, there- 
fore, the highest reason to conclude, that not only 
this earth, but the whole of the planetary system, 
isa scene of divine benevolence; for it displays to 
our view a number of magnificent globes, with 
special contrivances and arrangements, all fitted 
to be the abodes of intelligent beings, and to con- 
tribute to their enjoyment. Every provision has 
been made to supply them with that light which 
unfolds the beauties of nature and the glories of 
the firmament. All the arrangements for its 
ejuable distribution have been effected, and several 
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wonderful modes unknown in our world have 
been contrived for alleviating their darkness in 
the absence of the sun, all which contrivances 
are, doubtless, accompanied with many others 
which lie beyond the range of our conception, and 
which our remote distance prevents us from con- 
templating. In proportion, then, as the other 
planets exceed the earth in size, in a similar pro- 
portion, we may conceive, is the extent of that 
theater on which the Divine goodness is displayed. 
If this “earth is full of the goodness of the 
Lord,”’ if the benevolence of the Creator has dis- 
tributed unnumbered comforts among every order 
of creatures here below, what must be the exu- 
berance of his bounty, and the overflowing 
streams of felicity enjoyed in worlds which con- 
tain thousands of times the population of our 
globe! If a world which has been partly de- 
ranged by the sin of its inhabitants abounds with 
so many pleasures, what numerous sources of 
happiness must abound, and what ecstatic joys 
must be felt in those worlds where mortal evil has 
never entered, where diseases and death are un- 
known, and where the inhabitants bask pérpetu- 
ally in the regions of immortality! Were we 
permitted to take a nearer view of the enjoyments 
of some of those worlds, were we to behold the 
magnificent scenery with which they are encir- 
eled, the riches of Divine munificence which appear 
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on every hand, the inhabitants adorned with 
the beauties of moral perfection, and every socie- 
ty cemented hy the bond of universal love, and 
displaying the virtues of angelic natures, it is 
highly probable that all the enjoyments of this ter- 
restrial sphere would appear only ‘as the drop of 
a bucket and the small dust of the balance,’’ and 
as unworthy of our regard in comparison of the 
overflowing fountains of bliss which enrich the 
regions and gladden the society of the celestial 
worlds. In. this point of view what a glorious 
and amiable being does the eternal Jehovah ap- 
pear! “Gods love.”? This is his name and his 
memorial in all generations and throughout ‘all 
worlds. Supremely happy in ‘himself and inde- 
}pendent of all his creatures, his grand design in 
forming and arranging so many worlds. could 
only be to display the riches of his beneficence, 
and to impart felicity, in ull its diversified forms, 
to countless orders of intelligent beings, and to 
every rank of perceptive existence. And how 
extensive his goodness is, not only throughout the 
planetary system, but over all the regions of uni- 
versal nature, it is impossible for the tongues of 
men or angels to declare, or the highest powers 
of intelligence to conceive. But of this we are 
certain, that “Jehovah is good to all;’? that “his 
bounty is great above the heavens;”’ and that “his 
tender mercies are over all his works.”’ 
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Havine, in the preceding pages, given a brief 
description of the principal facts and phenomena 
connected with the solar system, and offered a few 
reflections suggested by the subject, it may not be 
inexpedient to place before the reader a summary 
view of the magnitude of the bodies belonging to 
this system, as compared with the population and 


magnitude of the globe on which we live. In} 


this summary statement I shall chiefly attend to 


planets, which is the only accurate view we can 
take pf their magnitudes, when we compare them 
with each other as habitable worlds.. The popula- 
tion of the different glob& is estimated, as in the 
preceding descriptions, at the rate’ of 280 inhab- 
itants to a square mile, which is the rate of 
population in England, and ‘yet this country 
is by no means overstocked “with inhabitants, 


but could contain, perapa:7Henble its present 

































the area or superficial contents of the different! population. 
Square Miles. _, Population. Solid Contents. 

Mereury is. .deeves alse ies 32,000,000)...°... 8,960,000,000)...... 17,157,324,800 
MieTUS sical. oftvdebls os 4.» 191,1384j944) 20... 53,500,000,000!..... 248,475,427 ,200 
VEcurss aiichs aiatelp os oxaaranteeldl=..0 55,417,824). 0... 15,500,000,000!..... . 32,792,000,900 
Westairanaan salto tas ‘balidioore: teat Q29OOGHE. «30... 64,000,000)........ 3. 10,035,000 
atinteashasts atundia. id bat sey 6,380,000]...... 1,786,000,000|....... 1,515,250,000 
Methetwucrits <eciaicanteangss | all. hs 8,285,580]:..... 2,319,962,400|....... 9,249,630,320 
Ballamaitanncents aelerien Dopiewie 14,000,000)...... 4,060,000,000)....... 4,900,000,000 
Pupiter vam acinass}= 3 . 24,884,000,000).,. .6,967,520,000,000) . . 368,283,200,000,000 
Saturn ...........-.|,..19,600,000,000). ..5,488,000,000,000} . .261,226,800,000,000 . 
Saturn’s outer ring ..|...9,058,803,600)) ° . 
Inner ringies faciece - pO 19 SCTE 8,141,963 ,826,080) .. ..1,442,518,261,800 

s of the rings...|.... 226,077,000) ; 
een oe" 1°" "3 6437460,000}-,. .1,077,568,800,000] . . .22,437,804,620,000 
hey Minot agers eevee. ella tie « 15,000,000}. ..... 4,200,000,000)....... 5,455 ,000,000 
Jupiter’s satellites ...|..... 95,000,000)..... 26,673,000,000)...... 45,693,970 ,126 
Saturn’s satellites.,..|.... 197,920,800). .... 55,417,824,000)...... 98,960,490,000 
Uranus’s satellites ...|.... 169,646,400|..... 47,500,992,000;...... 84,823,200,000 

Amounts agen '- . '78,195,916,784 . .21,894,974,404,480 . -654,038,348,119,246 








From the above statement, the real magnitude 
of all the moving bodies connected with the solar 
system may at once be perceived. If we wish to 
ascertain what proportion these magnitudes bear 


to the amplitude of our own globe, we have only 
to divide the different amounts stated at the bottom 
of the table by the area, solidity, or population of 
the earth. The amount of area, or the superficial 
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contents of all the planets, primary and secondary, 
is 78,195,916,784; or above seventy-eight thousand 
millions of square miles. If this sum be divided 
by 197,000,000, the number of square miles on the 
surface of our globe, the quotient will be 397; show- 
ing that the surfaces of these globes are 397 times 
more expansive than the whole surface of the ter- 
raqueous globe; or, in other words, that they con- 
tain an amplitude of space for animated beings 
equal to nearly four hundred worlds such as ours. 
If we divide the same amount by 49,000,000, the 
number of square miles in the habitable parts of 
the earth, the quotient will be 1595; showing that 
the surface of all the planets contains a space 
equal to one thousand five hundred and ninety- 
five times the area of all the continents and islands 
of our globe. If the amount of population which 
the planets might contain, namely, 21,894,974,- 
404,480, or nearly twenty-two billions, be divided 
by 800,000,000, the population of the earth, the 
quotient will be 27,368; which shows that the 
planetary globes could contain a population more 
than twenty-seven thousand times the population 
of our globe; in other words, if peopled in the 
proportion of England, they are equivalent to 
twenty-seven thousand worlds such as ours in its 
present state of population. The amount of the 
third column expresses the number of solid miles 
comprised in all the planets, which is 654,038,- 
348,119,246, or more than siz hundred and fifty- 
four billions. If this number be divided by 263,000,- 
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000,000, the number of cubical miles in the earth, 
‘the quotient will be 2483, which shows that the 
solid bulk of the other planets is two thousand four 
hundred and eighty-three times the bulk of our 
globe. Such is the immense magnitude of our 
planetary system, without taking into account 
either the sun or the hundreds of comets which 
have been observed to traverse the planetary 
, regions. eee 

Great, however, as these magnitudes are, they 
are far surpassed by that stupendous globe which 
occupies the center of the system. ‘The surface 
of the sun contains 2, 432,800,000,000 . square 
‘miles (nearly two and a half billions). If this 
sum be rightly divided by 197 millions, the num- 
ber of square miles on the earth’s surface, the 
quotient will be 12,350, which shows that the 
surface of the sun contains twelve thousand three 
‘hundred and fifty times the quantity of surface 








on our globe. If the same sum be divided by 
78,195,916,784, the number of square miles in all 
the planets, the quotient will be 31, showing that 
the area of the surface of the sun is thirty-one 
times greater than the area of all the primary 
planets, with their rings and satellites. The solid 
contents of the sun amount to 356,818,739,200,- 
000,000, or nearly three hundred and fifty-seven 
thousand billions of cubical miles, which number, 
if divided by 654,038,348,119,246, the number of 
solid miles in all the planets, will produce a quo- 
tient of 545, which shows that the sun is five 
hundred and forty-five times larger than 
all the planetary bodies taken together. 
Such is the vast and incomprehensible 
magnitude of this stupendous luminary, 
whose effulgence sheds day over a retinue 
of revolving worlds,.and whose. attractive 
energy controls their motions and pre- 
serves them allin one harmonious system. 
If this immense globe be flying through 
the regions of space at the rate of sixty 
thousand miles an hour, as is supposed, 
4 and carrying along with it all the planets 
my of the system, it presents to the mind one 

| of the most sublime and overwhelming ideas 
of motion, magnitude, and grandeur which 
the scenes of the universe can convey. 

The comparative magnitudes of the dif- 
ferent bodies in the system are represented 
to the eye in Fig. 91, where the circle at 
the top, No. 1, represents Jupiter; No. 2, 
Saturn; "No, 3, Uranus; No. 4, the Earth; 
adjacent to which, on the left, is the 
Moon; No. 5, Mars; No. 6, Venus; and 
No. 7, Mercury. The four small circles 
at the bottom are the planets Vesta, Juno, 
Ceres, and Pallas, whose proportional sizes 
cannot be accurately represented. The 
other small circles connected with Jupiter, 
Saturn, and Uranus, are intended to ro- 
present the satellites of these planets, 
which in general may be estimated as 
considerably larger than our moon. These 
comparative magnitudes are only approx- 
imations to the truth; for it would require 
a large sheet were we to attempt delineat- 
ing them with accuracy; but. the figure 
will convey to the eye a general idea of 
the comparative bulks of these bodies, in 
so far as it can be conveyed by a compar- 
ison of their diameters;* but no represen- 





*The reader will find a comparative view of 
the distances and magnitudes of the planets, en- 
graved on avery large sheet, in “ Burritt’s Geogra- 

| phy of the Heavens,” published at Hartford, North 
America, 


ON THE MAGNITUDES OF THE HEAVENLY BODIES. 107 


tation on a plane surface can convey an idea of the | scarcely perceptible. It is chiefl ® ai 
— bor i _ id as compen with | such vile di Tepteieakatinns that hele tei Wl 
each other. e reader will perceive the great|form any idea approximati i 
disparity of globes, whose utes saps do not Fiffer ; - pen eres gua 
very widely from each other, if he place a globe 
of twelve inches diameter beside one of eighteen 
inches diameter. Though these globes differ only 
six inches in their diameters, yet he will at once 
perceive that the eighteen-inch globe contains 
more than double the surface of the twelve-inch ; 
and the solid space which it occupies contains 
33¢ times the space oceupied by the smaller globe. 
Were the sun to be represented in its proportional |; 
size to Jupiter and the other planets, it would fill 
a space twenty inches in diameter. On the same 
scale in which the planets are delineated, Satirn’s 
ting would occupy a space four and a half inches |. 
in diameter. From these representations we may 
sce how small a space our earth occupies in the 


















Fig. 93. 


planetary system, and what an inconsiderable ap- 
‘pearance it 
Saturn, and Uranus. Fig. 92 represents the pro- 


portional distances of the primary planets from the 
sun, from which it will be seen that Saturn, which 
planet, 


was formerly considered the most distant 
occupies nearly the middle of the-system. 


In Fig. 93 is represented a comparative view |- 


of the earth and the-rings of Saturn. The small 
circle at the right hand side represents the lineal 
proportion of our globe to those stupendous arches, 
so that the eye may. easily perceive that. hundreds 
of worlds such as ours could be inclosed<within 
such expansive rings. Fig. 94 represents the pro- 
portion which the sun bears tothe planet Jupiter, 
the largest planetary orb in the-system. The 
large circle represents the sun, and the small 
circle Jupiter. If the earth were to be represent- 
ed on the same scale, it would appear like-a point 










presents in comparison with Jupiter, 





such magnitudes and: proportions; and, after all 
its efforts, its views of such stupendous objects 
are exceedingly imperfect and obscure. 





CHAPTER VII. 


ON ‘THE METHOD BY WHICH THE DISTANCES AND MAGNITUDES OF THE 


HEAVENLY BODIES 


TueERE is a degree of skepticism among a cer- 
tain class of readers in regard to the conclusions 
which astronomers have deduced respecting the 
distances and magnitudes of the celestial bodies. 
They are apt to suspect that the results they have 
deduced are merely conjectural, and that it is im- 
possible for human beings to arrive at anything 
like certainty, or even probability, in regard to 
distances so immensely great, and to magnitudes 
so far surpassing everything we see around us on, 
this globe. Hence it is that the assertions of 
astronomers as to these points are apt to be called 
in question, orto be received with a certain de- 
gree of doubt and hesitation, as’if they were be- 
yond the limits of ‘truth or probability. And 
hence such persons are anxious to inguire, “How 
can astronomers find out such things?” “Tellus 
by what methods they can measure the distances 
of the planets and determine their bulks?’”’» Such 
questions, however, are more easily proposed than 
answered; not from any difficulty in stating the 
principles on which astronomers proceed in their 
investigations, but fromthe impossibility, in many 
instances, of conveying an idea of these princi- 
ples to those who are ignorant of the elements of 
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geometry and trigonometry. A very slight ac- 
quaintance with these branches of the mathemst- 
ics, however, is sufficient, to enable a person to 
understand the mode by which the distances of 
the heavenly bodies are determined; but a certain 
degree of information on such subjects is indis- 
pensably requisite, without which no satisfactory 
explanation can be communicated. ] 

In offering a few remarks on this subject, 1 
shall, in the first place, state certain considerations, 
level to the comprehension of the general reader, 
which prove that the celestial bodies are much 
more distant from the earth, and, consequently, 
much larger than they are generally supposed to 
be by the vulgar, and those who are ignorant of 
astronomical science; and, in the next place, shall 
give a brief view of the mathematical principles 
on which astronomers proceed in their calculations. 

When a common observer views the heavens 
for the first time, previous to having received any 
information on the subject, he is apt-to imagine 
that the sun, moon, and stars are placed in the 
canopy of the sky at nearly the same distance 
from the earth, and that this distance is on.y a 
little beyond the region of the clouds; for it is 
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impossible, merely by the eye, to judge of the re-» 
lative distances of such objects. Previous to expe- 
rience, it is probable that we could form no correct 
idea of the relative distances of any objects whatever 
The young man who was born blind, and who was, 
restored to sight at the age of thirteen, by an ope- 
ration performed. by Mr. Cheselden, could form 
no idea of the distances of.the new objects pre- 
sented to his visual organs. He supposed every-* 
thing’ he saw touched his eyes, in the same man- 
ner as everything he felt touched his skin, An 
object of an inch diameter placed before his eyes, 
which concealed a house from his sight, appeared 
to him as large as the house. What he had 
judged to be round by the help of his hands he 
could not distinguish from what he had judged to 
be ‘square; nor could jhe discern by his eyes 
whether what his hands had perceived’ to be above 
or below was really above or below ; and it was 
not until after two months that he could distinguish 
pictures from solid bodies. In like manner we are 
apt.to be deceived in our estimate of the distances 
of objects by the eye, particularly of those which 
appear in the concave of the heavens; and reason 
and reflection must supply the deficiency of our vi- 
sual organs before we can arrive at any definite con- 
clusions respecting objects so far beyond our reach. 

That the heavenly bodies, particularly the sun, 
are much greater than they appear to the vulgar 
eye, may be proved by the following: considera- 
tion: When the sun rises due east in the morn- 
ing, his orb appears just as large as’ it does when 
he comes to the meridian at midday... Yet it can 
be shown that the.sun, when he is on our meri- 
dian, is about 4000 miles nearer ‘us than when he 
rose in the morning. This may be illustrated by 
the following figure. 
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Let A B C D represent the earth, and 
S the sun at the point of his rising. Sup- 
pose the line A E C to represent the 
meridian of a certain place, and A or E 
the place of a spectator. When the sun, 
in -his apparent diurnal’ motion, comes 
opposite the meridian A C, he isa whole 
semidiameter of the earth nearer the spec- 
tator at H than when he appeared in the 
eastern horizon. | This semidiameter is re- 
presented by the lines A H, E B,C G@, 
and is equal to 3965: miles. Now. were 
the sun only four thousand miles distant 
from the earth, and consequently, eight 
thousand miles from us at his rising, he 
would be nearly four thousand miles 
nearer us when on the meridian than .at 
his rising; and, consequently, he would 
appear twice the diameter, and four times 
as large in surface as he does.at'the time 
of his rising. But observation proves that 
there is no perceptible difference in his 
apparent magnitude in these different po- 
sitions; therefore the sun must be much 
more distant from the earth than four 
thousand miles. 
000 miles, his apparent diameter would ‘appear 
1-30th part broader when on the meridian than at 





If his distance were only 120,-| law of shadows. 


SCENERY. 


the time of his: rising, and the , difference could 
easily be determined; but no such difference is 
perceptible; therefore the sun is still more distant 
than one hundred and twenty thousand miles.— 
And, as the real size of any body is in proportion 
to its distancé; compared with its apparent size, 
the sun must, from this consideration alone, be 
more than: 1200 miles in diameter, and must con- 
tain more than nine hundred millions of cubical 
miles.. But how much greater his distance and 
magnitude are than what is now stated cannot be 
determined from such observations. . : 
The same idea may be illustrated as follows: 
Suppose a spectator at Edinburgh, which may be 
represented by the point A (Fig. 95), and another 
at Capetown, in the southern extremity of Africa, 
about the time of our winter solstice, which po- 
sition may be represented by the point E; both 
spectators might see the sun at the same moment, 
and he would appear exactly of the same size 
from, both positions. Yet such spectators would 
be more than 4000 miles distant from each other 
in a straight line, and the observer at Capetown 
would be several thousands of miles nearer the 


‘sun than the one at lidinburgh. Now if the sun 


were only a few thousands. of miles from the 
earth, he would appear of a very different magni- 
tude 10 observers removed so far from each other, 
which. is contrary to fact. Consequently, the sun 
must be at a very great distance from the earth, 
and his real size proportionable to that. distance. 
For experience proves that objects which are of 
great magnitude may appear comparatively small 
when removed.from us toa great distance. The 
lofty vessel, as it recedes from the coast toward 
the ocean, gradually diminishes in its apparent 
size, until at length it appears as a scarcely dis- 
tinguishable speck on the verge of the horizon; 
and the eronaut with his balloon, when they have 
ascended beyond the region of the clouds, appear 
only as asmall dusky spot on the canopy of the 
sky, and sometimes entirely disappear. 

The following argument, which is level to the 
comprehension of every reflecting mind, proves 
that the sun is larger than the whole globe of the 
earth, and that the moon is considerably less. 
Previous to the application of the argument to 
which I allude, it may be proper to illustrate the 





ey, 
The law by which the shad- 
ows of globes are projected is as follows: When 
the luminous body is larger in diameter than the 
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opaque body, the shadow which it projects con- 
verges to a point which is the vertex of a cone, 
as in Fig. 96. When the luminous and the opaque 
body are of an equal size, the shadow is cylindri- 
eal, and passes on from the opaque body to an 
indefinite extent, as represented in Fig. 97. When 
the luminous body is less than the opaque, ‘the 
shadow extends in breadth beyond the opaque 
body,'and grows broader and broader in propor- 
tion to its distance from the opaque globe, as in 
Fig. 98. This may be illustrated by holding a 
ball three or four inches in diameter opposite to 
a candle, when. the shadow of the ball will be 
seen to be larger in diameter in proportion to the 
distance of the wall or screen on which the 
shadow is projected. Now it is well known, and 
will readily be admitted, that an eclipse of the 
moon is caused by the shadow of the earth fall- 
ing upon the moon, when the sun, earth, and 
moon are nearly in a straight line with respect 
to each other; and that an eclipse of the sun is 
caused by the shadow ofthe moon falling upon 
a certain portion of the earth. .Let S (Fig. 99) 
represent the sun; E, the earth; and M, the moon, 
nearly in a straight line, which is the position of 
these three bodies in an eclipse of the moon. The 
shadow of the earth, at the distance of the moon, 
is found to be of a less diameter than the diame- 
ter of the earth: This is ascertained by the time 
which the moon takes im passing, through the 
shadow. ‘The real breadth of that shadow, at the 
moon’s distance, from the earth, is about 5900 
miles, sometimes more and sometimes less, accor- 
ding as the moon is nearer to or farther from the 
earth; but the diameter of thé earth is nearly 
8000. miles; therefore the shadow of the earth 
gradually decreases in breadth in its progress 


through space, and, by calculation, it is found, 


that it terminates in a point, as in Fig, 96, at the 
distance of about 850,000 miles. But when a 
luminous globe causes the shadow of an opaque 
globe to converge toward a point, as'in Fig. 96, 
the luminous body-must be larger in diameter 
than the opaque one. The sun is the luminous 
body which causes the earth to project a shadow 
on the moon; this shadow, at the moon, is Jess in 
breadth than the diameter of the earth; therefore 
it inevitably follows that the sun is larger than the 
earth; but how much larger cannot be determined 
from such considerations. 

From the same premises it necessarily follows 
that the moon is /ess than the! earth. For the 
moon is sometimes completely covered by the 
shadow of the earth, although this shadow is less 
than the earth’s diameter, and not only so, but 
sometimes takes an hour or two in passing through 
the shadow. If the sun were only equal to the 
earth in size, the earth’s shadow would be projec- 
ted to an indefinite extent, and be always of the 
same breadth, and might sometimes eclipse the 
planet Mars when, in opposition to the sun. If 
the sun were less than the earth, the shadow of 
the earth would increase in bulk the farther it 
extended through space (as represented in Fig. 98), 
and would eclipse the great planets Jupiter, Sat- 
urn, and Uranus, with all their moons, when they 
happened to be near their opposition to the sun; 
and in this case they would be deprived of the 
light of the sun for many days together. In such 
a case, too, the sun would sometimes be eclipsed 
to the earth by the planet Venus, when in its 
inferior conjunction with that luminary: an 
eclipse which might cause a total darkness of 
several hours’ continuance. In short, if the sun 
were less than any one of the planets, the system 
would be thrown into confusion by the shadows 











109 


of all these bodies increasing in proportion to their 
distance, and interrupting, periodically, for a 
length of time, the communications of light and 
heat. But as none of these things ever happen, 
it is evident that the sun is much larger than the 
whole terraqueous globe. 

All that requires to be taken for granted by the 
unlearned reader in this argument is, that the 
earth is a. globular body; that an eclipse of the 
moon is caused by the shadow of the earth falling 
upon that orb; and that the shadow of the earth, 
at the distance of the moon, is of less breadth 
than the earth?s diameter. The first two posi- 
tions will readily be admitted; and the third posi- 
tion, respecting the breadth of the earth’s shadow, 
may be received on the ground of what’ has been 
above stated, and on the authority of astronomers. 
For, it they were ignorant of this circumstance, 
they could not calculate eclipses with, so much 
accuracy as they do, and predict the precise mo- 
ment of the beginning and end of a lunar eclipse 
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ff, then, any individual is convinced, from the 
consideration above, stated, that the sun must be 
much larger than the earth, he has advanced one 
step in his conceptions of the magnificence of the 
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heavenly bodies, and may rest with confidence on 
the assertions of astronomers in reference to the 
real distances and magnitudes of these orbs, al- 
though he may not be acquainted with the mathe- 
matical principles and inyestigations on which 
their calculations proceed. ; 

Before proceeding to the illustration of the trig- 
onometrical principles on which astronomers pro- 
ceed in determining the true distances of the 
heavenly bodies, it may be requisite, for the un- 
learned reader to give a description of the nature 
of angles and the mode by which they are meas- 
ured. An angle is the opening between any two 
lines which touch each other in a point; and the 
width of the opening determines the extent of the 
angle, or the number of degrees or minutesit con- 
tains. Thus if we open a pair of compasses, the 
legs of which may be represented by A B, BC, 
Fig. 100, an angle is formed of different dimen- 
sions, according as the extremities of the legs are 
removed farther from or brought nearer to each 
other. If the legs are made to stand perpendicu- 
lar to each other, as in Fig. 101, the angle is said 
to be a right angle, and contains ninety degrees, or 
the fourth part of acircle. The walls of a room 
generally stand at right angles to the floor. if the 
legs be separated more than a right angle, they 
form what is termed an obtuse angle, as in Fig. 
102. When the angle is less than a right angle, 
itis called an acute angle, as in Fig. 100, and, 
consequently, contains a less number of degrees 
than ninety. All angles are measured by the are 
of a circle described on the angular point; and 
every circle, whether great or small, is divided 
into 360 equal parts, called degrees. Thus, if I 
want to know the quantity of an angle at K, 
(Fig. 103) I place one point of the compasses at 
the angular point K, and describe the arc of a 
circle between the two sides LZ K, K M, and what- 
ever number of degrees of a cirele.is contained 
between them is the quantity or measure of the 
angle. If, asin the present case, the angle con- 
tains the eighth part of a circle or half a right 
angle, it is said to be an angle of forty-five de- 
grees. A driangle is a figure which contains three 
angles and three sides, as O P Q, Fig. 104. It is 
demonstrated by mathematicians, that the three 
angles of every triangle, whatever proportion 
these angles may bear to each other, are exactly 
equal to two right angles, or 180-degrees. Thus, 
in the triangle O P Q, the angle-at Q is a right 
angle, or ninety degrees, and the other two angles, 
O and P, are together equal to ninety degrees; so 
that, if one of these angles be known, the other 
is found by subtracting the number of degrees in 
the known angle from ninety. Thus, if the angle 
at P be equal to thirty degrees, the angle at O 
will be equal tosixty degrees. Hence, if any two 
angles of a triangle be known, the third may be 
found by subtracting the sum of the two known | 
angles from 180 degrees, the remainder will be 
the number of degrees in the third angle. All 
the triangles have their greatest sides opposite to 
their greatest angles;.and if all the angles of the | 
triangle be equal, the sides will also be equal to | 
each other. 

If any three of the six parts of a triangle be 
known (excepting the three angles) all the other | 
parts may be known from them. ‘Thus, if the side. 
P Q, and the angles at Pand Q be known, we | 
can find the length of the sides P O and OQ. 
It is on this general principle that the distances | 
and magnitudes of the heayenly bodies are deter- 
mined. 

In order to understand and apply this principle, 
it is necessary that we explain the nature of a| 
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parallax. A parallax denotes the change of the 
apparent place of any heavenly body, caused by 
being seen from different points of view. ‘This 
may be illustrated by terrestrial objects as follows: 
Suppose a tree 40 or 50 yards distant from two 
spectators, who are 15 or 20 yards distant from 
each other; the one will perceive the tiee in a line 
with certain objects near the horizon, which are 
considerably distant from those which appear in 
the direction of the tree,as viewed from the sta- 
tion oceupied by the other spectator. The differ- 
ence between the two points near the horizon 
where the tree appears to coincide to the two dif- 
ferent spectators is‘the parallaz of the object. If 
the tree were only 20 or 25, yards distant, the par- 
allax would be twice as large; or, in other, words, 
the points in the horizon where it was seen by the 
two spectators would be double the distance, as in 
the former case; and if the tree were two or three 


hundred yards distant, the parallax would be pro- 


portionably small. Or,suppose two persons sitting 
near each othet at one side of a room, and a ean~ 
dle placed ona table in the middle of the room, the 
points on the opposite wall where the candle would 
appear to each of the two persons would be consid- 
erably distant from each other; and this distance 
maybe called the parallax of the candle as viewed 
by the two observers. This may be illustrated by 
Fig. 105, where R and § may represent the posi- 
tious of the observers; a the candle or tree; and TJ" 
and U the points on the opposite wall or in the 
horizon where the candle or the tree appears to 
the respective observers. The observer at R sees 
the intermediate object at U; and the one at S sees 
it in the direction S 7. The angle R a S, which 
is equal to the angle 7’ a U, is called the angle of 
parallax, which is the difference of position in 
which the object is seen by the two observers. If, 
then, the distance between the observers R S be 
known, and the quantity of the angle R a S, the 
distance between the observers and the object can 
also be known by calculation. 

Let us now apply this principle to the heavenly 
bodies. In Fig. 106 let the semicircle S, 1,A;K, 8S, 
represent a section of the concave of the heavens; 
the middle circle, H C, the earth; M, the moon; C, 
the center of the earth; and EH, the sensible hor- 
izon of a spectator at £. It is evident that if the 
moon be viewed from the earth at the point E, 
she will be seen in the horizon at the point H; 
but were she vjewed at the same time from C, the 
center of the earth, she would appear among the 
stars at the point K, in a more elevated position 
than when seen from tho surface of the earth at 
E. The difference between these two a parent 
positions of the moon, or thé angle K > is 
called the moon’s horizontal parallax. Astrono- 
mers know from calculation in what point of the 
heavens the moon would appear as viewed from 
the earth’s center; and they know from actual ob- 
servation where she appears as viewed from the 
surface; and, therefore; can find the difference of 
the two positions, or the angle of parallax. This 
angle might likewise be found by supposing two 
spectators on different parts of the earth’s surface 
I Suppose a 
spectator at E', who sees the moon in’ the horizon 
at H; and another observer, on the same meridian, 
at B, who sees her in his zenith at K; the parallax, 
as formerly, will be K H. 

The parallax of a heavenly body decreases in 
proportion to its altitude above the horizon, and at 
the zenith (A) it is nothing, for the line from ‘the 
center of the earth coincides with that from the 
surface,asC EA. Thus the parallax of the moon 
at N (a 6) is less than the horizontal parallax 
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K H; but from the parallax observed at any alti- 
tude, the horizontal parallax can be deduced; and 
it is from this parallax that the distance of the 
moon or any other heavenly body is determined. 
The greater the distance of any body from the earth, 
the less is its parallax. 'Thus the heavenly body 


G, which is farther from the earth than the moon, 


has a less parallax (¢ d) than that of the moon, 
H. a 

Now the parallax of the moon being known, it 
is easy to find the distance of that orb from the 
earth; for in every triangle, if one side and two 
angles be known, the other angle and the other 
two sides can also be found. In the present case, 
we have a tyiangle EM C, in which the side E C, 
dr the semidiameter of the earth, is known. The 
angle M EC isa right angle, or ninety degrees; 
and the parallatic angle E i C is supposed to be 
found by observation.’ From these data, by an easy 


trigonometrical calculation, the length of the side | 


C M, or the distance of the moon from the center 
of the earth, can be determined with the utmost 
precision, provided the angle of parallax has been 
aceurately ascertained. Ta: etd a 
Before proceeding to: illustrate by examples the 
method of calculating the distances of the heavenly 
bodies when the parallax is found, I shall present 
an example or two of the mode-of computing the 
hights and distances of terrestrial objects, the 
principle on which we proceed being the same in 
both cases. ‘Suppose it were required to find the 
hight of the tower O B (Fig. 107), we first mea- 
sure the distance from the bottom of the tower, 
B, to a station at the point A, which suppose to 
be one hundred feet. From this station, by a 
quadrant or other angular instrument, we ‘take 
the angle of elevation of the top of the tower, 
or the angle CA B, which suppose to be forty- 
seven and a half degrees. Here we have a trian- 
gle in which we have one side, A B, and two 
angles; namely, the angle at A—47149, and the 
angle at B, which is a right angle, or 90°, as 
the tower is supposed to stand perpendicular to 
the ground; therefore, the side C B, which is the 
hight of the tower, can be found, and likewise 
the other side, A C, if required. To find C B, 
the hight of the tower, we make A B the radius 
of the circle, a portion of which measures: the 
angle A; and the side B C, or the hight of the 
tower, becomes the tangent of that angle. And 
as there is a certain known proportion between 
the radius of every circle and the tangent, the 
hight of the tower will be found by the following 
proportion: As the radius: is to the tangent of 
the angle A, 4714°:: so is the side A B, 100 feet: 





to C B, the hight of the tower—1091 feet. The 
following is the calculation by logarithms: 
Logarithm of the 2d term— "3 

Tangent of 47160. ......-eeeees . -10.0379475 
Logarithm of A B—100 feet— 

Bd terms. 00; + vie r1¢ ikea Reet il 2.0000000 
Logarithm of radius—Ist term ...... 10,0000000 
Logarithm of C B, 4th term= 

10914 feet ........ Siop Boereoe . 2.0379475 


By this calculation the hight of the tower is 
found with the greatest nicety, provided the mea- 
surement of the side A B, and the angle A, have 
been taken with accuracy. 

Again: Suppose it were required to measure the 
distance between. a tree E, and a house D, on the 
opposite side of ariver. We first measure aspace 
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from E to F (Fig. 108), suppose-200 yards, in a 
right line, and then find the angles H and F at 
each end of this line. Suppose the angle at E to be 
seventy-three degrees and the angle at F sixty- 
cight degrees. As all the angles of a triangle are 
equal to two right an- 
gles, or 180°, if we add 
these two angles and 
subtract their sum from 
180°, the remainder, 
39°, will be the mea- 
sure of the angle at D. 
It is a demonstrated 
proposition in trigono- 
metry, that in any plane 
triangle, the sides are in 
the same proportion as 
the sines of the opposite 
angles. A sine isa line A d 
drawn through one extremity of an arc perpen- 
dicular upon the diameter or radius passing 
through the other. ex- 
tremity, asad (Fig. 107). 
In order, then, to find 
the distance (EZ D) be- 
tween the tree and the 
house on the other side 
of the river, we state 
the following proportion: 
As the sine of D, 38°, 
the angle opposite to H 
F, the known side: is 3S 
to the sine of the angle 
F’, 68°, opposite the side = 
sought, # D::so is the 
length of the line H F— 
200 yards: to the distance, EF D, between the tree 
and the house—2942¢ yards. The following is 
the operation by logarithms : 


107. 
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2d term—Sine of angle, F—68° 9.9671659 
3d term—E F—200 yards. Log. 2.3010300 

12.2681959 
Ist term—Sine of angle, D—39° 9.7988718 
4th term—D E=2942% yards= 2.4693241 


In these examples the logarithms of the second 
and third terms of the proportion are added, and 
from their sum the logarithm of the first term is 
subtracted, which leaves the logarithm of the 
fourth term; as in common numbers, the second 
and third terms are multiplied together, and their 
product divided by the first term; addition of log- 
arithms corresponding to multiplication of whole 
numbers, and subtraction to division. The loga- 
rithms of common numbers, and. of sines and 
tangents, are found in tables prepared for the pur- 
poses of calculation. 

I shall now state an example or two in refe- 
rence to the celestial bodies. Suppose it is requi- 
red to find the distance of the moon from the 
earth. In Fig. 109, let E C represent tho earth; 


109. 





M, the moon; £, the the place of a spectator ob- 
serving the moon in his sensible horizon; E Mb 
and C M a the direction of the moon as seen from 
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the center of the earth at C, or from its surface at 
B; a the place of the moon as seen*from the 
center, and } its place as seen from the surface at 
E; or, in other words, the moon’s horizontal paral- 
lax. This parallax, at the moon’s mean distance 


from the earth, is found to be 57 minutes, 5. 


seconds. Here, then, we have a triangle, C & M, 
of which we have one side and two angles given. 
The side given is the semidiameter of the earth, 
E C, which is equal to 3965 miles;, the angle at # 
is a right angle, or ninety degrees, for it forms a 
tangent to the circle at H; the angle at M is the 
horizontal parallax, which is found by observa~ 
tion. From these data, the side M C, or the dis- 
tance of the moon from the center of the earth, 
may be easily found. If we make C M radius, E 
C will be the sine of the angle M; and the dis- 
tance of the moon is found from the following 
proportion : As £ C, the sine of fifty-seven min- 
utes, five seconds : is to 3965, the number of 
miles in the semidiameter of the earth: : so is M 

_ ©, the radius : toa fourth number, 238,800=M 
C=the distance of the moon from the center of 
the earth. 


2d torm—3965—the earth’s semidiameter 3.598243 
3dterm—Radius . .... - 10.000000 
% 13.598243 

1st term—Sine of 57 minutes, 5seconds 8.220215 


M OC, distance of the moon, 238,800 
Mailbag BBB 
According to this calculation, the moon is two 
hundred and thirty-eight thousand, eight hundred 
iniles from thé earth. In round numbers we 
generally say that the moon is 240,000 miles dis- 
tant; and, in point of fact, she is sometimes con- 
siderably more than 240,000 miles distant, and 
sometimes less than the number above stated, as 
she moves in an elliptical orbit, her horizontal 
parallax varying from 54 to above 60 minutes. 


To find the Diameter of the Moon—In Fig. 110 
‘et A G B represent the moon, and-C an observer 
at the earth. The apparent diameter of the moon 
at its mean distance, as measured by a microme- 
ter, is 31 minutes, 26 seconds, represented by the 
angle A C B; the half of this, or the angle formed 
by the semidiameter of the moon, A C G, is 15 
minutes, 43 seconds. The distance of the moon, 
G C, is supposed to be found as above stated, 
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namely, 238,800 miles. Here, then, we have tho, 


angle C A G, which is a right angle, and the angle 
AC G=15' 43", which is found by observation ; 
and the side C G, or the distance of the moon 
from the earth. We can therefore find the side A 
G, or the semidiameter of the moon, by the fol- 
lowing proportion : As radius : is to C G, the dis- 
tance of the moon, 238,800 miles: : so is the sine 
of AC G, 15’ 43”: to the number of miles con- 
tained in the moon’s semidiameter, A G=109114, 
which, being doubled, gives 2183 miles as the 
diameter of the moon. 
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Qd term—C G=238,800—Log. 5.378028 
3d term—Sine of A C G15’ 43” 7.660059 

13.038087 
Ist term—Radius . . . ..- . ~~, 10.000000 


Semidiameter of the moon, bel 1g= 3.03808" 


Diameter of the moon= 2,183 

Such is the general mode by which the dis- 
tances and magnitudes of the heavenly bodies are 
calculated. I am aware that the general reader, 
who is unacquainted with the principles of trigo- 
nometry, may find a little difficulty in compres 
hending the statements and calculations given 
above; but my design simply was to convey an 
idea of the principle on which astronomers pro- 
ceed in their computations of the distances and 
bulks of the celestial orbs, and to excite those 
who are anxioys to understand the subject, to en- 
gage in the study of plane trigonometry, a study 
which presents no great difficulty to any one who 
is already a proficient in common arithmetic. [ 
conclude the subject with the following 

General Remarks.—1. Before the bulks of the 
heavenly bodies can be determined, their distances 
from the earth. must first be ascertained. When 
their distances are found, it is quite an easy mat- 
ter to determine their real bulks from their appa- 
rent magnitudes. 2. The semidiameter of the earth 
forms the groundwork of all our calculations sre- 
specting the distances of the celestial orbs. Were 
we ignorant of the dimensions of the earth, we 
could not find the real distance and magnitude of 
any heavenly body; and it is owing to the com- 
paratively small diameter of the earth that it. be- 
comes difficult in some cases to determine with 
accuracy the parallaxes of certain heavenly bodies. 
Were we placed on a planet such as Jupiter, whose 
diameter is more than eleven times that of our 
globe, it would be much more easy to find the 
parallaxes of the sun and planets. The parallaxes 
of Jupiter’s moons, as observed from that planet, 
will form pretty large angles and be easily per- 
ceptible; and so likewise will be the parallaxes of 
the sun and the other planets which are visible from 
that globe. 3. The chief difficulty in finding the 
distances of the heavenly bodies is to determine 
accurately the precise quantity of their parallaxes. 
In the case of the. moon there is no difficulty, as 
her horizontal parallax amounts to nearly one de- 
gree, and can be taken with the greatest nicety; 
but the sun’s parallax is so small that it was some 
time before it was accurately determined. It was 
for this purpose, among others, that Captain 
Cook’s first expedition to the Pacific Ocean was 
undertaken, in order that the astronomers con- 
nected with it might observe the transit of Venus 
at the Island of Tahiti; since which time the sun’s 
distance has been ascertained within the one 
eighty-seventh part of his true distance, which 
likewise determines very nearly the true propor- 
tional distance and magnitudes of all the planets. 
This circumstance accounts for the fact, that in 
books of astronomy published about a century 
ago, the distances and magnitudes of the sun and 
planots are estimated somewhat lower than they 
are now found to be, the improvements which 
have been made in the construction of astronomi- 
cal instruments having enabled modern observers 
to measure parallactic angles with greater nice- 
ness and accuracy. 4, When the parallax of any 
heavenly body is once accurately found, and its 
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apparent diameter measured, its real distance and 
bulk can be as certainly known as the price of 
any quantity of merchandise which is calculated 
by the rule of proportion. 5. From what has 
beon stated above, we may learn the importance 
of knowing all the properties of a triangle, and 
the art of measuring angles. At first sightit may 
appear to be a matter of trivial importance to 
know that the radius of a circle bears a certain 
known proportion to the sine or tangent of acer- 
tain angle; that the sides of any trivngle are in 
the same proportion as the sines of the opposite 
angles; and that the three angles of every plane 
triangle are exactly equal to two right angles— 
Yet such truths form the foundation of all the 
discoveries which have been made respecting the 
mnagnitudes and distances of the great bodies of 
the universe, and of the ample conceptions we are 
now enabled to form of the vast extent of crea- 
tion, and'of the attributes of its adorable Creator. 

Those persons who feel themselves unable to 
comprehend clearly the principles and calculations 
above stated, may rest satisfied with the general 
So of astronomers respecting the distances 
and magnitudes of the sun and planets, from’ the 
following considerations: 1. The general agree- 
ment of all modern astronomers-as to these deduc- 
tions. However much astronomers may differ in 
regard to:certain subordinate opinions or conjec- 
tures respecting certain phenomena, they all agree 
with respect to the bulks and distances of the 
planetary orbs, and the mode by which they are 
ascertained. If there were any fallacy in their 
calculations, such is the tendency of human na- 
ture to find fault, it would soon be pointed out.— 
2. The consideration of the accuracy with which 
astronomers predict certain celestial phenomena 
should induce persons unskilled in this science to 
zely on the conclusions deduced by astronomers. 
They are fully aware that the eclipses of the sun 
and moon are calculated and predicted with the 
utmost accuracy. The very moment of their be- 
ginning, middle, and end, and the places where 
they will be visible, are foretold to a nicety ; the 
nature and magnitude of the eclipse, and all the 
circumstances connected with it, determined; and 
that, too, for more than a century tocome. All the 
eclipses which have happened of late years were 
calculated more than half a century ago, andare to 
be found recorded in the writings of astronomers. 
They can likewise tell when Mars, Jupiter, or Sa- 
turn is tosuffer an occultation by the moon, the time 
when it will begin and end, the particular part of 
the moon’s limb behind which the planet will dis- 
appear, the point on the opposite limb where it 
will again emerge, and the places of the earth 
where the occultation will be visible. They can 
likewise predict the precise moment when any of 
the fixed stars—even those invisible to the naked 
eye—shall suffer an ocoultation by the moon or by 
any of the planets; and such occultations of the 
stars and planets are stated in the “ Nautical Al- 
manac,” and similar publications, three or four 
years before they actually happen. 

The precise time, likewise, when the planets 
Mercury and Venus will appear to pass across-the 
sun’s disc, has been predicted for a century before 
such events happened, and such transits have been 
calculated for several centuries to come, and will 
most assuredly take place, as they have hitherto 
done, if the laws of nature continue to operate as 
in ages past. Dr. Halley, in 1691, predicted the 
transit of Venus that happened in 1761, seventy 
years before it took place; and not only so, but 





118 


he calculated the precise hour in which. the planet 
would appear to touch the limb of the sun as seen 
from different places; the particular part of the 
sun’s margin where the planet would appear and 
disappear, and the precise course it would take in 
passing across the disc of the sun; the appearance 
it would present in different regions of the globe, 
and the most proper places in both hemispheres 


were pointed out where either its beginning, 


middle, or end would be most distinctly observed, 
in order to accomplish the object in view; namely, 
the determination of the exact distance of the 
sun. All which calculations and predictions were 
ultimately found to be correct; and astronomers 
were sent to different parts of the globe to observe 
this interesting phenomenon, which happens only 
once or twice in the course of a century. The 
same astronomer calculated the period of a comet, 
distinguished by the name of ‘ Halley’s Comet,” 


and predicted the periods when it would return. | 


It was seen in England in 1682, and Dr. Halley 
calculated that it would again appear in this part 
of the system in 1758; and it accordingly made 
its appearance in December, 1758, and arrived at 
its perihelion on the 13th of March, 1759. The 
validity of these calculations and predictions has 
been again verified by the reappearance, of the 
same comet in 1835, just at the time when it was 
expected, which proves that it completes its course 
in the period which had been predicted, namely, 
seventy-six years, and will, doubtless, again revisit 


this part of the system in the year 1911 or 1912. — 


Astronomers can likewise point out, even in the 
day-time, the different stars and planets which are 
above the horizon, though invisible to the unas- 
sisted eye. J have sometimes surprised even gen- 
tlemen of intelligence by showing them, through 
an equatorial telescope, the star Arcturus, and, 
in a minute or two afterward, the star Altair in 
another part of the heavens, and the planet Venus 
in another quarter in the form of a brilliant cres- 
cent, while.the sun was several hours above the 
horizon, and shining in its greatest brightness, 
and while these bodies are every moment shifting 
their apparent positions; all which is quite easy to 
be accomplished by every one who understands 
the motions of the heavenly bodies and the first 
principles of astronomy. 

Now as the above facts are indisputable, and 
every one who feels an interest in the subject 
may satisfy himself as to their reality, it is evident 
to a demonstration that the principles of science 
on which such calculations and predictions pro- 
ceed are not mere conjectures or precarious sup-. 
positions, but have a real foundation in the 
constitution of nature and in the fundamental 
laws which govern the universe. And as the 
knowledge of astronomers cannot be questioned 
in relation to the phenomena to which I refer, it 
would be unreasonable, and injurious to the moral 
characters of such men, to call in question their 
modes of ascertaining the distances of the sun 
and the planetary bodies, and the deductions they 
have made in relation to their astonishing magni- 
tudes. There is no science whose principles are 
more certain and demonstrable than those of 
astronomy. No labor or expense ‘has been spared 
to extend its observations, and to render them 
accurate in the extreme; and the noblest efforts 
of genius have been called forth to establish its 
truths on a basis immutable as the laws of the 
universe; and, therefore, the man who questions 
the leading facts and deductions of this scionce 
only proclaims his own imbecility and ignorance. 
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CHAPTER, PTET 


ON THE SCENERY OF THE HEAVENS, 


AS VIEWED FROM THE SURFACES OF 


THE DIFFERENT PLANETS AND THEIR SATELLITES. 


‘ Tus is a department of descriptive astronomy 
which is seldom noticed in books professedly 
written to illustrate the objects of this science. 
It is here introduced not only as an interesting 
subject of contemplation, but as an illustration of 
the variety which the Creator has introduced into 
the scenes of the universe, and as a collateral or 
presumptive argument in support of the doctrine 
of a plurality of worlds. 5 

Before proceeding to the particular descriptions 
I intend to give, it may be proper to state the 
following General Remarks: 1. The different 
clusters of stars or the constellations will appear 
exactly the same when viewed from the other 
planets as to the inhabitants of our globe. For 
example, the cohstellations of Orion and of the 
Great Bear will appear of the same shape or 
figure, and all the stars of which they are com- 
posed will appear to have the same arrangement 
and the same relative distances from each other 
and from neighboring stars, as they~do to us. 
2. The apparent magnitudes of the fixed stars will 
appear exactly the same as they do when viewed 
from our world; that is, they will appear no 
larger than shining points of different magni- 
tudes, even when viewed from the most distant 
planets. The reason of this and of: the preceding 
position is obvious from the consideration of the 
tmmense distance of those bodies; for although 
we are 190 millions of miles nearer some of the 
fixed stars at one,time of the year than at another, 
yet there appears no sensible difference in’ their 
size or arrangement, and although we were placed 
on the remotest planet of the system, we have no 
reason to believe that any material difference in 
this respect would be perceived; for the distances 
of the remoter planets bear no sensible proportion 
to the distances of the fixed: stars. Even the 
distance of the planet. Uranus, great as. it is, 
which would require four hundred years for a 
cannon ball to move over the space which inter- 
venes between that orb and us, is less than the ten- 
thousandth part of the distance of the nearest 
star; and, therefore, can produce no sensible dif- 
ference in the general aspect of the starry firma- 
ment. 3. Though the general arrangement of 
the stars and constellations will appear the same 
as tous, yet the different directions of the axes 
of some of the planets from that of the earth 
will cuuse a dgerent appearance in their apparent 
diurnal revolutions. Some stars which appear in 
our equator may, in other planets, appear near 
one of their poles, and our pole star may appear 
near their equator. 

In the following descriptions it is taken for 
granted that the general laws of vision are ma- 
terially the same in all tho planetary bodies as in 
that part of the system which we occupy. Of 
this we have no reason to doubt, as the same 
identical light which illuminates the earth like- 
wise enlightens all the planets and their satellites. 
It originates from the same source, it is refracted 
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and reflected by the same laws, and must produce 
colors similar or analogous to those which diver- 
sify the surface of our globe; though, perhaps, 
susceptible of numerous modifications in other 
regions, according to the. nature of the atmo- 
spheres through which it passes, and the quality 
of the objects on which it falls. The descriptions 
that follow likewise proceed on the supposition 
that the extent of vision is the same as ours. This, 
in all probability, is uot the case. It is more 
probable that, in certain worlds, the orga 
vision of their inhabitants may be far more exqui- 
site than ours,.and capable of surveying with 
distinctness a much, more extensive range of 
view. But as we are ignorant of such particu- 
lars, we can only proceed on the assumption of 
what would appear to eyes constituted like ours 
were we placed on the surfaces of the different 
planets. 

Scenery of the Heavens from the Planet Mer- 
cury—This planet being so near the sun has 
prevented us from discovering various particulars 
which have been ascertained in relation to several 
of the other planets; and, therefore, little can bé 
said respecting its celestial scenery. The starry 
heavens will appear to move around it every 
twenty-four hours, as they do to us, if the obser- 
vations of M. Schroeter, formerly stated (p. 27) 
be correct; but the direction of its axis of rota- 
tion is not known,.and, therefore, we cannot tell 
what stars will appear near its equator or its_poles. 
The sun will present a surface in the heavens 
seven times as large as he does to us, and, of 
course, will exhibit a very ‘august and _ brilliant 
appearance in the sky, and will produce a corres- 
ponding brightness and vividness of color on tha 
objects whieh are distributed over the surface of 
the planet.. Both Venus and the earth will appear 
as superior planets; and when Venus is near its 
opposition to the sun, at which time it will rise 
when the sun sets, it will present a very brilliant 
appearance to the inhabitants of Mercury, and 
serve the purposes of asmall moon, to illuminate 
the evenings in the absence of the sun. As 
Venus presents a full enlightened hemisphere at 
this period to the inhabitants of Mercury, it will 
exhibit a surface six\or seven times larger than it 
does to us when it shines with its greatest bril- 
liancy, and, therefore, will appear a very bright 
and conspicuous object in the firmament of this 
planet. At all other times it-will appear at least 
two or three times larger than it ever does as seen 
from the earth. It will generally appear round; 
but at certain times it will exhibit a gibbous 
phase, as the planet Mars frequently does to us. 
It will never appear to the inhabitants of Mercury 
in the form of a crescent or half moon, as it 
sometimes does through our telescopes. There 
is no celestial body within the range of this 
planet with which we are acquainted which will 
exhibit either a half moon or a crescent phase, 
unless it be accompanied with a satellite. The 
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earth is another object in the firmament of Mer- 
cury which will appear next in splendor to Venus. 
The earth and Venus are nearly of an equal size, 
Venus being only 130 miles less in diameter than 
the earth; but the earth being nearly double the 
distance of Venus from Mercury, its apparent 
Size, at the time of its. opposition to the sun, will 
be only about half that of Venus. The earth, 
however, at this period, will appear in the sky of 
Mercury of a size and splendor thrée or four 
times greater than Venus does to us at the period 
of its greatest brilliancy. Our moon will also be 
secn like a star accompanying the earth, some- 
times approaching to or receding farther from the 
earth, and sometimes hidden from the view by 
passing across the disc of the earth or through its 
shadow. It will probably appear about the size 
and brightness of Mars or Saturn, as seen in our 
sky. ‘lhe earth with its satellite, and Venus, will 
be seen near the same point of the heavens at the 
end of every nimeteen months, when they will 
for some time appear the most conspicuous objects 
in the heavens, and will diffuse a considerable 
portion of light in the absence of the sun. ‘At 
other periods, the one will rise in the eastern 
horizon as the other sets in the western; so that 
the inhabitants of Mercury will seldom be without 
a conspicuous object in their heavens, diffusing a 
luster far superior to that of any other stars. or 
planets. The earth will be in opposition to the 
sun every four months, and Venus after a period 
of five months. The planets Mars, Jupiter, and 
Saturn will appear nearly as they do to us, but 
with a somewhat inferior degree of magnitude 
and brilliancy, particularly in the case of Mars. 
The period of the annual revolution of Mercury 
being eighty-eight days, the sun will appear to 
move from west to east through the circle of the 
heavens at a rate more than four times greater 
than his apparent motion through the signs of 
our zodiac. 

Appearance of the Heavens as viewed from Ve- 
nus.—To the inhabitants of this planet the heavens 
will present an aspect nearly similar to that of 
Mercury, with a few variations. Mercury will 
be to Venus an inferior planet, which will never 
appear beyond thirty-eight or forty degrees of the 
sun. It will appear in the evening after sunset 
for the space of two or three hours when near its 
elongation, and in the morning before sunrise 
when in the opposite part of its course, and will 
alternately be a morning and an evening star to 
Venus, as that planet is to us, but with a less de- 
gree of splendor. The most splendid object in 
the nocturnal sky of Venus will be the earth, 
when in opposition to the sun, when it will appear 
with a. magnitude and splendor five or six times 
greater than either Jupiter or Venus appear to us 
at the time of their greatest brilliancy. It will 
serve, ina great measure, the purpose of a moon 
to Venus, if this planet have no satellite, and will 
cause the several objects on its surface to project 
distinct and well-defined shadows, as our moon 
does when she appears a crescent. Our moon, in 
its reyolutions round the earth, will likewise ap- 

pear a prominent object in the heavens, and will 
‘Jorobably appear about the size that Jupiter appears 
to us. Her occultations, eclipses, and transits 
tacross the earth’s disc will be distinctly visible. 
With telescopes such as the best of ours the earth 
would appear from Venus a much larger and 
more variegated object than any of the planets do 
to us when viewed with high magnifying powers. 
The forms of our different continents, seas, and 
islands, the different strata of clouds in our at- 
mosphere, with their several changes and motions, 
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and the earth’s diurnal rotation, would, in all 
probability, be-distinctly perceived. Even the 
varieties which distinguish the surface of our 
moon -would: be visible with telescopes of high 
magnifying power. The circumstances now sta- 
ted prove the connection of the different parts of 
the planetary system with one another, and that 
the Creator has so arranged this system as to 
render one world, ina certain degree, subservient 
to the benefit of another. The earth serves as a 
large and splendid moon to the lunar inhabitants; 
it serves, in a certain. degree, the purpose of a 
small moon to Mereury; it serves the purpose of 
a larger moon, by exhibiting a surface and a ra- 
diance four times greater to the inhabitants of 
Venus; and it serves asa morning and an evening 
star to the planet Mars. So that, while we feel 
enjoyment in contemplating the moon walkéng in 
brightness, and hail with pleasure the morning 
star as the harbinger of day, and feel a delight in 
surveying those nocturnal orbs through our tele- 
scopes, the globe on which we dwell affords simi- 
lar enjoyments to the intellectual beings in 
neighboring worlds, who behold our habitation 
from afar as a bright speck upon their firmament, 
diffusing amid the shades of night a mild degree 
of radiance. From Venus the planets Saturn and 
Jupiter will appear nearly as. they do to us, but 
the planet Mars will appear considerably smaller. 
The sun in this planet will present a surface twice 
as large as he does in our sky, and will appear to 
make a revolution round the heavens in the 
course of seven months and a half, which com- 
pletes the year of ‘Venus. 

The Heavens as viewed from Mars.—From this 
planet the earth will at certain periods be dis- 
tinetly seen, but it will present a different aspect 
both in its general appearance and its appa- 
rent motions from what it does to the inhabitants 
of Venus. To Mars the earth is an inferior 
planet, whose orbit is within the orbit of Mars. 
It will therefore, be seen only as a morning and 
an evening star, as Venus appears to us; but with 
a less degree of magnitude and brightness, since 
Mars'is at a greater distance from the earth taan 
the earth is from Venus. It will presentito Mars 
successively the form of a crescent, a half-moon, 
and a gibbous phase, but will-seldom er never be 
seen as a full enlightened hemisphere, on account 
of its proximity to the sun, when its enlightened 
surface is fully turned towand: the planet; nor 
will it ever appear farther removed from the sun, 
either in the mornings or evenings, than forty- 
eight degrees, so that the earth will never appear 
in the firmament.of Mars about midnight. The 
earth will likewise be sometimes seen to pass 
across the sun’s dise like a round black spot, as 
Venus and Mercury at certain periods appear to 
us; but the planet Mercury will never be seen 
from Mars on account of its smallness and its 
nearness to the sun; for at its greatest elongation 
it will be only a few degrees from the sun’s mar- 
gin, and will consequently be immersed in hig 
rays. The only time in which it might. happen 
to be detected will be when it makes a transit 
across the solar disc. Venus will be as seldom 
seen by the inhabitants of Mars as Mercury is to 
us. Our moon will likewise be seen from Mars 
like a small star accompanying the earth, some- 
times appearing to the east and sometimes to the 
west of the earth, but never at a greater distance 
from each other than fifteen minutes of a degree, 
or about half the apparent breadth of the moon; 
and with telescopes such as ours all its phases and 
eclipses might be distinctly perceived. The planets 
Jupiter and Saturn will appear to Mars nearly as 
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they do tous. At the time of Jupiter’s* opposi-| 


tion to the sun that planet will appear a slight de- 
gree larger, as Mars is then fifty millions of miles 
nearer it than we are; but Saturn will not appear 
sensibly larger than to us; and it is likely that 
the planets Uranus, Vesta, Juno, Ceres and Pallas 
will not be more distinguishable than they are 
from our globe. The point Aries, on the ecliptic 
of Mars, or one of the points where its ecliptic® 
and equator intersect each other, corresponds to 
19° 28’ of our sign Sagittarius. In consequence 
of this, the poles of Mars will be directed to 
points of the heavens considerably different from 
our polar points, and its equator will pass through 
a different series of stars from that which marks 
our equator, which will cause the different stars 
and constellations in their apparent diurnal revo- 
lutior® to present a different aspect from what 
they do in their apparent movements round our’ 

lobe. : 
: The Heavens, as viewed from Vesta, Juno, Ce- 
‘res and Pallas.—'These planets, being so very 
nearly‘at the same mean distance from the sun, | 
the appearance of the heavens will be nearly the 
same to the inhabitants [if any] of each of these 
bodies. The planet Jupiter will be the most con- 
spicuous object in the nocturnal sky of all these 
planets, and will appear with nearly three times 
the size and splendor that he does when seen from 
the earth, so as to exhibit the appearance of a 
small brilliant moon. Saturn will appear some- 
. what larger and brighter than to us, but the dif- 
ference in his appearance will be inconsiderable; 
nor will Uranus be more distinctly visible than 
from the earth. At other times, when near their 
conjunction with the sun, these planets will ap- 
pear smaller than to us. Mars will sometimes ap- 
pear as a morning ‘and an evening star, but he 
will always be in the immediate neighborhood of 
the sun, and will present a surface much less in 
apparent size than he does to the earth. The 
earth will seldom bo seen on account of its prox- 
imity to the sun; and Venus and Mercury will be 
altogether invisible, unless when they transit the 
solar disc. Itis likely that, at certain times, the 
planets Vesta, Juno, Ceres, and Pallas will exhibit 
an uncommon, and occasionally a brilliant ap- 
pearance in the firmament of each’ other. As 
their distances from the sun are so nearly the 
same, they may occasionally approach each other 
so as to be ten times nearer to one another in one 
part of their course than at another. It is even 
possible that they might approach within a few 
miles of each other, or even come into collision. 
These different positions in which they may be 
placed in relation to one another will doubtless 
produce a great'variety in the appearances they 
present in their respective firmaments; so that at 
one time they may present in, the visible firma- 
ment a surface a hundred or even two hundred 
times greater than they do in other parts of their 
annual revolutions, It is probable, therefore, 
that the diversified aspects of these planets, in 
respect to each other, will form the most striking 
phenomena which diversify their nocturnal hea- 
vens. In conseqence of the great eccentricity of 
the orbit of Pallas, the sun will appear much 
larger to this planet in one part of its revolution 
than it does at another. 

Celestial Scenery from J upiter.—The only planet 
whose appearance will be conspicuous in the fir- 
mament of Jupiter is the planet Saturn, which 
will appear with a surface four times preater than 
is exhibited in our sky, and will appear larger than 
either Jupiter or Venus does to us, particularly at 
the time of its opposition to the sun. At cortain 





-/ CELESTIAL SCENERY. 


other periods, when near the time of its conjune- 
tion with the sun, it will appear considerably 
smaller than when viewed from the earth; as, at 
such periods, Saturn is nearly fourteen. hundred 
millions of milés distant from Jupiter, while it is 
never beyond ten hundred millions from the earth, 
even at its remotest distance. The planet Uranus, 
which is scarcely visible to our unassisted sight, 
will not be much more distinguishable at Jupiter 
than with us, even at the period of its opposition, 
although Jupiter is at that time 400,000,000 of 
miles nearer it than a spectator on the earth. At 
other times, when near its conjunction with the 
sun, it will be 2,300,000,000 of miles from Jupiter, 
which is 400,000,000 of miles more distant than it 
ever is from us. Mars will scarcely be seen from 
Jupiter, both on account of his smallness and his 
proximity to the sun; for at his greatest elevation 
he can never be more than eighteen degrees from 
that luminary. The earth, too, will be invisible 
from Jupiter, both on account of its small size, its 
distance, and its being in the immediate vicinity 
of the sun, and immersed in its rays; so that the 
inhabitants of this planet will scarcely suspect 
that such a globe as that on which we dwell exists 
in the universe. It is a humiliating consideration 
to reflect, that before we have passed over one 
fourth part of the extent of our system, this earth, 
with all its kingdoms and fancied grandeur, of 
which mortals are so proud, vanishes from the 
sight, as if it were a mere atom in creation, and is 
altogether unnoticed and unknown. It is caleu- 
lated to convey a lesson of humility and of human- 
ity to those proud and ambitious mortals who 
glory in their riches, and in the small patches of 
earthly territory they have acquired at the expense 
of the blood of thousands of their fellow-men, 
and who fancy themselves to be a species of demi- 
gods, because they have assisted in the conquest 
of nations, and in spreading ruin and devastation 
over the earth. Let us wing our flight to Jupiter 
or Saturn, which appear so conspicuous in our 
nocturnal sky, and before we have arrived at the 
middle point of the planetary system this globe on 
which we tread, with all the proud mortals that 
dwell upon its surface, vanishes from the sight as 
a particle of water, with its microscopic animal- 
cule, dropped into the ocean, disappears for ever. 
In those regions more expansive and magnificent 
scenes open to view, and their inhabitants, if ever 
they have heard of such beings as fallen man, 
look down with an eye of pity and commiseration, 
and view their characters and conduct with a holy 
indignation and contempt. 

Venus and Mercury will, of course, be alto- 
gether invisible from the surface of Jupiter, and 
it is questionable whether even the planets Vesta, . 
Juno, Ceres, and Pallas’ will be perceived. But 
although so few of the primary planets are seon 
in the nocturnal sky of this planet, its firmament 
will present a most splendid and variegated aspect 
by the diversified phases, eclipses, and movements 
of the satellites with which it is encircled; so that 
its inhabitants will be more charmed and interested 
by the phenomena presented by their own moons 
than by their contemplation of the other bodies 
of the system. But as I have already described 
the appearances of the moons, as seen from Jupiter 
(p- 95, chap. iv, sec. ii.) it is unnecessary to 
enlarge. 

Scenery of the Heavens as viewed from Satura.— 
The firmament of Saturn will unquestionably pre- 
sent to view a more magnificent and diversified 
scene of celestial phenomena than that of any 
other planet of oursystem. It is placed nearly in 
the middle of that space which intervenes between 
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the sun and the orbit of the remotest planet. In- 
cluding its rings ‘and satellites, it may be consid- 
ered as the largest body or system of bodies within 
the limits of the solar system; and it excels them 


all in the sublime and diversified apparatus with |’ 


which it is accompanied. In these respects Sat- 
urn may justly be considered as the sovereign 
among the planetary hosts. The prominent’ parts 
of its celestial scenery may be considered as be- 
longing to its own system of rings and satellites, 
and the views which will occasionally be opened 


of the firmament of the fixed stars; for few of the. 


other planets will make their appearance in its 
sky.~ Jupiter will appear alternately as a morning 
and an evening star, with about the same degree of 
brilliancy it exhibits to us; but it will seldom be 
conspicuous except near the period of its greatest 
elongation, and it will never appear to remove 
trom the sun farther than thirty-seven degrees, 
and, consequently, will not appear so conspicuous 
nor for such a length of time, as Venus does to 
us. Uranus is the only other planet which will 
be seen from Saturn, and it will there be distinctly 
perceptible, like a star of the third magnitude, 
when near the time of its opposition to the sun. 
But near the time of its conjunction it will be 
completely invisible, being then eighteen hundred 
millions of miles more distant than at the opposi- 
tion, and eight hundred millions of miles more 
distant from Saturn than it ever is from the earth 
at any period. All the other eight planets, together 
with our moon, will be far beyond the reach of a 
spectator in Saturn, unless he be furnished with 
organs of vision far superior to ours in their 
“ space-penetrating power.’ It is not improbable 
that more comets will be seen in their course from 
the sun, from the distant regions in which Saturn 
moves, than from that part of the system in which 
we are placed.’ Some of these bodies, when they 
pass beyond the limits of our view, will be visible 
beyond the orbit of Saturn; and as their motions 
in those distant spaces aré much slower than when 
near the sun, they will remain visible for a longer 
time, when they happen to make their appearance, 
than they do when passing through our part, of 
the system. é : 
Having already given a pretty full description 
of the appearance of the rings of this planet as 
viewed from its surface (p. 69-71), and of the phe- 
nomena exhibited by its satellites (p. 98), it is un- 
necessary to introduce the subject in this place. 
I shall only remark further, in regard to the rings 
which encompass this planet, that, beside the light 
they reflect on the planet, and the brilliant aspect 
they present in its firmament, they cast a great 
diversity of shadows upon the surface of the planet, 
of different breadths at different times.and places, 
and it will require a considerable degree of atten- 
tion and investigation on the part of its inhabit- 
ants to determine whence the shadows proceed. 
For when the dark sides of the rings are turned 
toward them, they will, in all probability, be in- 
visible in their sky, as the dark side of the moon 
or of Venus is to us, and, therefore, they may be 
at a loss, in some instances, to.discover the causes 
of such varieties of light and shade. For, alihough 
we are placed in a Convenient position to perceive 
that they are in reality complete rings which envi- 
ron the body of Saturn, yet it will not be so easy 
for its inhabitants to discover this fact; as only a 
portion of the rings will be visible in some places, 
and in the regions near the poles they will appear 
only like a bright streak in the horizon. They 
will naturally conclude that the shadows proceed 
from some body in their firmament; but they will 
require to make a great variety of observations, to 
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compare them together, and to investigate the doc- 
trine of parallaxes, before they come to the conclu- 
sion that the phenomena alluded to are caused’ by 
mighty rings which encompass their habitation. 
As the diameter of Saturn is ten times the diam- 
eter of the earth, it will be comparatively easy for 
its inhabitants to find’ the parallaxes, distances, 
and magnitudes of its. different satellites, and like- 
wise of Jupiter and Uranus, which dre the only 
planets visible from Saturn. To those who dwell 
in its equatorial regions, the motion of the rings 
around their axis will furnish an accurate measure 
of time, as well as the diurnal rotation of the 
planet; and to all’ places on its surface the period- 
ical revolutions of its different satellites will afford 
various measures, divisions, and subdivisions of 
the lapse of duration. ‘The sun will appear from 
this planet of a size about five times the diameter 
which Jupiter presents to our view, or about 1-9th 
or 1-10th part of the diameter of the sun as seen 
from the earth; but, notwithstanding, there appears 
no deficiency of light on the surface of Saturn. 
Let us, then, suppose two mighty arches in Sat- 
urn’s nocturnal sky, appearing to the inhabitants 
of one region like broad semicircles of light ex- 
tending completely across the heayens, to other 
regions like large segments of an arch, the highest 


|point of which elevated only twenty or thirty de- 


grees above the horizon, and to. the places adjacent 
to the polar regions as a zone of light hovering in 
the horizon; let us suppose the distant stars 


| twinkling through the dark space which separates 


the rings; the sun eclipsed ‘at noon, in one place, ° 
by the upper edge of the rings, and in another 
place by the lower; the brightness of this luminary 
waxing dimmer and dimmer, and in a few hours 
hidden by an invisible object, not to appear again 
until after a lapse of fourteen years; and the in- 
habitants of this region of shadows occasionally 
traveling to those countries where the rings are 
enlightened and the sun is constantly shining: let 
us suppose one moon, nine times.as large in ap- 
parent size as ours, suspended in the canopy of 
heaven: another, three times-as large as outs, in 
another quarter of the sky; a third twice as large; 
a fourth about the apparent size of our moon; and 
a fifth, sixth, and seventh of different apparent 
magnitudes; some of them appearing with a cres- 
cent, some with a gibbous phase, and others with 
a full enlightened hemisphere; some rising, some 
setting; one entering into an eclipse, and another 
emerging from it; let us suppose such scenes as 
these, and we may acquire a general idea of the 
phenomena presented in the heavens of Saturn. 
Scenery of the Heavens in Uranus.—The orbit 
of this planet, so far as we know, forms the ex- 
treme boundary of the planetary system. Being 
so far removed from the center of the system, al- 
most all the other planets and their satellites will 
be invisible to a spectator placed on this orb. The 
only planet which will be distinctly visible is Sa- 
turn, which will be seen occasionally as a morn- 
ing and an evening star, and will appear nearly 
of the same size as to‘us; but as it will always be 
seen in the immediate neighborhood of the sun, it 
will only be visible at certain distant periods, or 
intervals of fifteen years, and will appear about as 
near to the sun as Mercury does when viewed 
from the earth. Its rings and satellites might oc 
casionally be perceived with such instruments as 
our best telescopes when it is near the points of its 
greatest elongation. It is not probable that Jupi- 
ter will be visible from this planet on account of 
its proximity to the sun. If ever it be visible, it 
will only be for a short time, after periods of six 
or eight years have elapsed. From Uranus it is 
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likely that the motions of some of the comets 


will be seen to advantage, and for.a considerable 


length of time, as the motions of these bodies must 
be comparatively slow in those distant regions.— 
It is not improbable that, in their course from the 
sun, the motions of some of these bodies may be 
followed to the extreme point of their trajectories, 
and their courses traced in their return toward the 
central luminary; and that they may be visible in 
the firmament of this planet for months, and even 
for yearstogether. Itislikewise probable that, from 
Uranus, the parallax of the nearest fixed stars, and, 
consequently, their distance, may be ascertained. 
For. the diameter of its orbit, which is 3,600,000,- 
000 of miles, will form a pretty extensive base 
line for this purpose, and will produce a parallax 
nineteen times greater than that of the diameter 
of the earth’s annual orbit, which is only 190 
millions of miles. But the determination of such 
a parallax would require a series of observations 
made at intervals of forty-two years, namely, at 
two opposite points of the orbit of Uranus, in 
moving between which it occupies a space of 
nearly forty-two years. 

The most splendid and interesting scenery in 
the firmament of this planet will be produced by 
the phases, eclipses, revolutions, and various 
aspects of its moons. Six of these bodies have 
been discovered revolving around it, and it is not 
improbable that several more (perhaps three or 
four) may be connected with this distant orb, the 
smallness, of which, and their nearness to _the 
planet, may forever prevent them from being de- 
tected by our most powerful instruments. Let us 
suppose, then, one satellite presenting a surface in 
the sky eight or ten times larger than our moon; 
a second five or six times larger; a third three times 
larger; a fourth twice as large; a fifth about the same 
size as the moon; asixth somewhat smaller; and, per- 
haps, three or four others of different apparent di- 
mensions: let us suppose two or three of these, of 
different phases, moving along the concave of the 
sky, at one period four or five of them dispersed 
through the heavens; one rising above the horizon, 
one setting, one on the meridian, one toward the 
north, and another toward the south; at another 
period five or six of them displaying their luster in 
the form of a half moon or a crescent in one 
quarter of the heavens, and at another time the 
whole of these moons shining, with full enlight- 
ened hemispheres, in one glorious assemblage, and 
we shall have a faint idea of the beauty, variety, 
and sublimity of the firmament of Uranus. What 
is deficient in respect of the invisibility of the 
other planets is amply compensated by its assem- 
blage of satellites, which illuminate and diversify 
its nocturnal sky. Although this planet is more 
than seventeen hundred millions of miles nearer 
some of the fixed stars than we are, yet those lu- 
minaries will not appear sensibly larger, as seen 
from Uranus, than they do from our globe. For 
even this immense interval would not subtend an 
angle of nineteen seconds, or the 1-190th part of a 
degree, as seen from the nearest star; and, of 
course, all the constellations will present the same 
figures and relative aspects as they do to us, with 
this difference only, that those stars which are 
near our equator or tropics may be near the poles 
or polar circles of Uranus. This depends entirely 
upon the position of its axis of rotation, which is 
to us unknown. The sun will appear so small 
from this planet, that its apparent diameter will 
not exceed 214 times the apparent diameter of 
Jupiter; but its light is not so weak as we might 
be apt to imagine from this circumstance, as is 
evident from the brightness it exhibits when 
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viewed with a telescope in the night-time, and 
likewise from the well-known. phenomenon that 
when the sun is eclipsed to us, 80 as to have only” 
the one-fortieth part of its disc left uncovered by 
the moon, the diminution of light is not very 
sensible; and it has been frequently noticed that, 
at the end of the darkness in total eclipses, when 
the sun’s western limb begins to be visible, and 
seems no biggér than a thread of fine silver wire, 
the increase of light is so considerable, and so 
quickly illuminates all surrounding objects, as to 
strike the’spectators with surprise. But whatever 
deficiency of light there may be on this: planet, 
we may rest assured, from a consideration of the 
wisdom and benevolence of the Creator, that this 
deficiency is amply compensated, either by the 
objects on which it-falls being endowed with a 
strong reflective power, or by the organs of vision 
being adapted to the light received, or by some other 
contrivances with which we are unacquainted. 


SCENERY OF THE HEAVENS AS SEEN FROM THI 
SATELLITES. 


Celestial Scenery of the Moon.—Although the 
moon is the nearest body to the earth, and its 
constant attendant, yet its celestial phenomena 
will, in a variety of respects, be very different 
from ours. The earth will appear to be the most 
splendid orb in its nocturnal sky, and its various 
phases and relative positions will form a subject 
of interesting inquiry and contemplation to its in- 
habitants. It will present the appearance of a 
globe in. the sky thirteen times larger than the 
moon does to us, and will diffuse nearly a corre- 
sponding portion of light on the mountains and 
vales on the lunar surface. As the moon always 
presents nearly the same side to our view, so the 
earth will be visible to only one half of the lunar 
inhabitants. Those who live on the opposite side 
of the moon, which is never turned toward our 
globe, will never see the earth in the sky unless 
they undertake a journey to the opposite hemi- 
sphere for this purpose; and those who dwell near 
the central parts of that hemisphere which is 
turned from our globe will require to travel more 
than 1500 miles before they can behold the large 
globe of the earth suspended in the sky. To all 
those to whom the earth is visible, it will appear 


fixed and immovable in the same relative point of 


the sky, or, at least, will appear to have no cir- 
cular motion round the heavens. To a spectator 
placed in the middle of the moon’s visible hemi- 
sphere, the earth will appear directly in the zenith 
or over head, and will always seem to be fixed 
very nearly in that position. To a spectator 
placed in any part of the extremity of that hemi- 
sphere, or what seems to us to be the margin of 
the moon; the earth will appear always nearly in 
the horizon; and to spectators at intermediate po- 
sitions the earth will appear at higher or lower 
elevations above the horizon, according to their 
distance from the extremities or the central parts 
of that hemisphere. But, although the earth 
appears fixed nearly in the same part of the sky, 
there is a slight variation produced by what is 
termed the libration: of the moon (sce p: 87), by 
which it appears to turn occasionally a small por- 
tion of its hemisphere toward the earth. In con- 
sequence of this libration the earth will appear 
now and then to shift its position a little by akind 
of vibratory motion, so that those at the éxtremi- 


‘ties of the hemisphere, who see the earth in their 


horizon, will sometimes see it dip a little below, 
and at other times rise a little above their horizon. 
This vibratory motion they will probably be 
disposed, at first view, to attribute to the earth, 
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which they will naturally consider as a body nearly 
at rest, but subject to a vibratory movement like 
that of a pendulum, whereas this apparent vibration 
proceeds from the moon itself. 

The earth is continually shifting its phases as 
seen from the moon. When it is new moon to us 
it is full moon to the lunar ‘inhabitants, as the 
hemisphere of the earth next the moon is then 
fully enlightened; so that, at the time when the 
sun is absent, they enjoy the effulgence of a full 
moon thirteen times larger than.ours. When the 
moon is in the first quarter to us, the earth is in 
the third quarter to them; and, in every other 
case, the phases of the earth are exactly opposite 
to those which the moon presents to us (see p. 
87). The earth passes through all the phases of 
the moon in the course of a month; but the pro- 
gress of these phases will be more regularly and 
accurately perceived than that of the moon’s 
phases are by us. When it is night in the moon, 
and the nights there are a fortnight long, the in- 
habitants see at first only a small part of the 
earth enlightened, like a slender crescent; then a 
larger and a larger portion, until at length it be- 
comes entirely luminous. During the whole of 
these changes the earth is every moment visible, 
and apparently fixed in the same immovable posi- 
tion; and as there are no clouds in the lunar at- 
mosphere, the view of the earth and of the varia- 
tion of its phases will never be interrupted; 
whereas these changes in the moon are visible to 
us only from one night to another, and, by the in- 
terposition of clouds, the moon is frequently hid- 
den from our view for seven or eight days together. 
By means of the light thus diffused by the earth 
upon the moon, it so happens that the side of the 
moon next the earth is never in darkness; for, 
when the sun is absent, the earth shines in the 
firmament with a greater or less degree of splen- 
dor; but when the sun is absent from the other 
hemisphere. the inhabitants have no light but what 
is derived from the stars and planets. It is proba- 
ble, however, that the light of these luminaries is 
more brilliant as seen from the moon than from the 
earth; andas the lunar atmosphere is more pure and 
transparent than that of the earth, andas no clouds 
or dense vapors exist in it to intercept the rays of 
those distant orbs; and the stars and planets will 
constantly shine in the firmament of that hemi- 
sphere of the moon with undiminished luster.— 
Perhaps, too, there may be some arrangement for 
providing additional light to that hemisphere in the 
absence of the sun, either by the coruscations of 
some phosphoric substance, or by something ana- 
logous to our aurora borealis. 

Whether the earth will throw as much light 
upon the moon, in proportion to its size, as the 
moon diffuses upon the earth, is somewhat doubt- 
ful. I am disposed to think that the greater 
part of the surface of the terraqueous globe will 
not reflect so much light, in proportion to its 
bulk, as the general surface of the moon; for, as 
the greater part of the earth is covered with water, 
and as water absorbs a considerable portion of the 
rays of light, the seas and ocean will present a 
more dark and somber aspect than any part of 
the lunar orb presents to us;. but it is highly 
probable that the continents and islands will 
exhibit a luster nearly equal to that of the moun- 
tainous regions of the moon. 

Although the earth will seem nearly fixed in 
one position, yet, its rotation round its axis will be 
distinctly perceptible, and will present a variety of 
different appearances. Europe, Asia, Africa, and 
America, will present themselves one after another 
in different shapes, nearly as they are represented 
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on our maps and globes; aud the regions near 
our poles, which we have never yet had it in our 


/power to explore, will be distinctly seen by the 


lunarians, who will be enabled to determine 
whether they chiefly consist of land or of water. 
The several continents, seas, islands, lakes, penin- 
sulas, plains, and mountain-ranges, will appear 
like so many spots, of different forms and degrees 
of brightness, moving over its surface. When 
the Pacific Ocean, which occupies nearly half 
the. globe, is presented to view, the great body of 
the earth will assume a dusky or somber aspect, 
except toward the north, the north-east, and 
north-west; and the islands connected with this 


-ocean will exhibit the appearance of small lucid 


spots on a dark ground. But when fhe eastern 
continent turns round to view, the earth (espe- 
cially its northern parts) will appear to shine with 
a greater degree of luster. ‘These appearances 
will be diversified by the numerous strata of 
clouds which are continually carried by the winds 
over different regions, and will occasionally inter- 
cept their view of certain parts of the continents 
and seas, or render their appearance more obscure 
at one time than at another. It is likewise pro- 
bable that the occasional storms in tropical cli- 
mates, and the changes produced in different 
countries by summer and winter, will cause the 
earth. to present a diversity of aspect to the 
inhabitants of the moon. The bands of ice which 
surround the poles will alternately exhibit a kind 
of lucid circle, while the verdant plains will 
appear of a different color and assume a milder 
aspect. By means of these different spots, the 
lunarians will be enabled to determine the exact 
period of the earth’s rotation, as we determine 
that of the sun by the appearance and disappear- 
ance of the spots on its surface. And as the 
period of the earth’s rotation never varies, it may 
serve-as a clock or dial for the exact measure of 
time; and the lesser divisions of this period may 
be ascertained by the appearance on the margin 
or the central parts of the earth’s hemisphere of 
certain seas, continents, or large islands, which 
will constantly appear on certain parts of the 
earth’s disc at regular intervals of time. Through 
telescopes such as ours, the variegated aspect of 
the earth in its diurnal motion would present to 
us, were we placed on the moon, a novel and 
most interesting appearance. 

The apparent diurnal motions of, the sun, the 
planets, and the stars, will appear much slower, 
and somewhat different in several respects from 
what they do to us. When the sun rises in their 
eastern horizon, his progress through the heavens 
will be so slow that it will require more than 
seven of our days before he comes to the me- 
ridian, and the same time before he descends 
to their western horizon; for the days and 
nights. of the moon are nearly fifteen days 
each, and they are nearly of an equal length on 
all parts of its surface, as its axis is nearly per- 
pendicular to the ecliptic, and, consequently, the 
sun never removes to any great distance from the 
equator. During the day the earth will appear 
like a faint cloudy orb, always in the same posi- 
tion; and during night the stars and planets will 
be visible, without interruption, for fifteen days, 
and will be seen moving gradually during that 
time from the eastern to the western horizon. 
Though the earth will always be seen in the same 
point of the sky both by-day and night, yet it 
will appear to be constantly shifting its position 
with respect to the planets and the stars, which 
will appear to be regularly moving from the east 
to the west of it, and some of them will occa 
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sionally be hidden or suffer an occultation for 
three or four hours behind its body. The sun, 
planets, and fixed stars will appear exactly of the 
same apparent magnitudes as they do from the 
earth; but as the poles of the moon are directed 
to points of the heavens different from those to 
which the poles of the earth are directed, the 
pole-stars in the lunar firmament, and the stars 
which mark its equator and parallels, will all be 
different from ours; so that the stars, in their 
apparent diurnal revolutions, will appear to de- 
scribe circles different from those which they 
describe in our sky. The inferior planets Mer- 
cury and Venus will generally be seen in the 
neighborhood of the sun, as they are from the 
earth; but they will be more distinctly perceived, 
and be visible for aimuch longer period of time 
after sunset than they are from our globe. This 


is owing, first, to the transparency of the lunar 


atmosphere, and the absence of dense vapors near 
the borizon, which, in our case, prevent any dis- 
tinct observations of the celestial bodies when at 
a low altitude; and, secondly, to the slow appa- 
rent diurnal motion of these bodies. When Mer- 
cury is near its greatest elongation, it will remain 
above the horizon more-than thirty hours after 
the sun has set, and, consequently, will be visible 
for a much longer time in succession than it is to 
us. When Venus is near its greatest elongation, 
it will be seen, without intermission, either as a 
morning or an evening star, for a space of time 
equal to more than three of our days. The su- 
perior planets, as with us, will be seen in different 
parts of the heavens, and occasionally in opposi- 
tion to the sun; but they will appear to be con- 
tinually shifting their positions with respect to 
the earth, and in the course: of fifteen days will 
be seen in the verv opposite quarter of the hea- 
vens, and in other fifteen days will be again in 
conjunction with the earth; and nearly the-same 
appearances will be observed in reference to the 
other planets, but the periodic times of their con- 
junctions with the earth and oppositions to it will 
be somewhat different, owing to the difference of 
their velocities in their annual revolutions. 

The eclipses of the sun which happen to the 
lunarians will be more striking, and total’ darkness 
will continue fora much longer time than with 

. When a total eclipse of the moon happens to 
us, there will be a total eelipse of the swn to the 
lunarians. At that-time the dark side of the earth 
is completely turned toward the moon, and the 
sun will appear to pass gradually behind the earth 
until it entirely disappears. The time of the 
continuance of total darkness in central eclipses 
will be nearly two hours; and, of course, a total 
eclipse of the sun will be a far more striking and 
impressive phenomenon to the inhabitants’ of the 
moon than to us. A complete darkness will 
ensue immediately after the body of the sun is 


hidden, and the stars and planets will be as clearly | 


seen as at midnight. When a partial eclipse of 
the moon happens to us, all that portion of the 
moon’s surface over which the shadow of the 
earth passes will suffer a total eclipse of the sun 
during the period of its continuance. On other 
parts of the moon’s surface there will be a partial 
eclipse of the sun, and to those who are beyond 
the range of the earth’s shadow no eclipse will 
appear. When an eclipse of the sun happens to 
us, the lunarians will behold a dark spot, with a 
penumbra or fainter shades around it, moving 
across the disc of the earth, which then appears 
a full enlightened hemisphere, excepting the ob- 
scurity caused by the progress of the shadow. 
The inhabitants on the other hemisphere of the 


bd 





CELESTIAL SCENERY. 


moon can never experience a solar eclipse, as the 
earth can never interpose between the sun and 
any part of that hemisphere, so that they will 


| only know of such phenomena by report, unless 


they undertake a journey for the purpose of 
observing them. 

The study of astronomy in the moon will, on 
the whole, be more difficult and complex than to 
us on the earth. The phenomena exhibited by 
the earth will be the most difficult to explain. 
The lunarians, at first view, will be apt to imagine 
that the earth is a quiescent body in their firma- 
ment, because it appears in the same point of the 
sky, and that the other heavenly orbs revolve 
around it. It will require numerous observations 
of the apparent motions of the sun, the earth, 
the planets, and the stars, and numerous trains of 
reasoning respecting the phenomena they exhibit, 
before they are convinced that the globe on which 
they dwell really moves round the earth, and that 
both of them move, in a certain period, around 
the sun. If they are endowed with no higher 
powers than man, or if they are as foolish and 
contumacious as the great bulk of mankind, it 
will be more difficult to convince them of the 
true system of the world than it has been for our 
astronomers to convince a certain portion of our 
community that the earth turns round its axis, 
and performs a revolution round thé sun. They 
will naturally think, as we did formerly, that their 
habitation is in a quiescent state in thé center of 
the universe, and that all the other bodies in the 
heavens, except the earth, revolve around it; and 
the singular phenomena which our globe exhibits 
in their sky, with its diversified aspect, its diurnal 
rotation, and occasional vibrations, will puzzle 
them not a little in attempting to find out a proper 
explanation. It will be somewhat difficult fo, 
them to ascertain the exact length of their year 
or the time of their revolution round the sux, 
There'are only two ways by which we can con 
ceive they will be enabled to determine this point 
1. By observing when either of the poles of the 
earth begins to be enlightened and the other pole 
to disappear, which is always at the time of our 
equinoxes. 2. By observing the corrse of the 
sun among the stars, and endeavoring to ascertain 
when he returns to the same relative position in 
reference to any of these orbs. The length of 
tbe lunar year is about the sarne as ours, but 
different as to the number. of days, the lunarians 
having only 12 7-19 days ia their year, every day 
and night being as long as 2914 of ours. On the 
other hand, the lunar astronomers will enjoy some 
advantages in making celestial observations which 
we do not possess. Those who live on the side 
next the earth will be enabled to determine the 
longitude of places on the lunar surface with as 
much ease as we find the latitude of places on our 
globe. For as the earth keeps constantly over 
one meridian of the moon (or very nearly so), the 
east and west distances of places from that me- 
ridian may be readily found, by taking the altitude 
of the earth above the horizon, or its distance 
from the zenith, on the same principle as we 
obtain the latitude of a plade by taking the alti- 
tude of the pole-star, or the hight of the equator 
above the horizon. The lunar astronomers will 
likewise possess advantages superior to ours in the 
purity of their atmosphere, and the greater degree 
of brilliancy with which the heaventy bodies will 
appear; and, in particular, they enjoy a singular 
advantage above a terrestrial astronomer in the 
length of their nights, which gives them an oppor- 
tunity of contemplating the heavenly bodies, par- 
ticularly Mereury und Venus, and tracing their 
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motions and aspects for a length of time without | 


intermission. 

Such are some of the peculiar phenomena of 
the heavens as beheld from the moon. However 
different these phenomena may appear from thoge 
which are beheld in our terrestrial firmament, 
they are all owing to the following circumstances: 
that the moon moves round the earth as the more 
immediate center of its motion; that it turns 
always the same side to the earth, and, conse- 
quently, it moves round its axis in the same ‘time 
in which it moves round the earth.. These slight 
differences in the motions ‘and relative positions 
of the earth and moon are the principal causes of 
all the peculiar aspects of the lunar firmament 
which we have now described.. And this consid- 
eration shows us how the Creator may, by the 
slightest changes in the positions and arrange- 
ments of the celestial orbs, produce an indefinite 
variety of scenery ‘throughout the universe, so 
that no world or system of worlds shall present 
the same scenery and phenomena as another. 
And so far as our knowledge and observation ex- 
tends, this appears to be one of the grand princi- 
ples of the Divine arrangements throughout the 
system of Creation, which will be still more ap- 
parent from the sketches I am now about to give 
of the phenomena presented from the surfaces of 
the satellites connected with the other planets: 

The Scenery of the Heavens from the Satellites 
of Jupiter.—'The seenery- of the firmament as 
beheld from the satellifes of this planet will bear 
a certain analogy to what we have now described 
in relation to the moon, but it will be much more 
diversified and resplendent. The most striking 
and glorious object in the firmament of the first 
satellite is the planet itself. The distance of this 
satellite from the center of Jupiter being only 
about three diameters of that body, it will appear 
in the heavens like an immense globe, above thir- 
teen hundred times larger than the apparent size 
of our moon, and will occupy a considerable por- 
tion of the celestial hemisphere. — 
live in the middle of the hemisphere of this sa- 
tellite, opposite to Jupiter, this vast globe will 


appear in the zenith, filling a large portion of the’ 


sky directly above them, equal to 19 degrees of a 
great circle, so that nine or ten of such bodies 
would reach from one side of the heavens to 
another. To those in other situations it will ap- 
pear at different elevations above the horizon, ac- 
cording to their.distances from the central parts 
of that hemisphere. This huge globe, in the 
course of twenty-one hours, will exhibit a cres- 
cent, a half moon, a gibbous phase, and:a full en- 
lightened hemisphere, so that its appearance will 
be perpetually changing. When it shines with a 
full face, it will exhibit a most glorious appearance; 
it will reflect an immense quantity of light upon 
the satellite, and all the varieties on its surface 
will be beautifully perceived. In the day-time it 
will present a cloudy appearance, continually 
changing its form, and when its dark side is turned 
to the satellite it will probably become invisible; 
but it will never be altogether invisible beyond 
two or three hours at a time, until its enlightened 
crescent again begins to appear. We find by the 
‘telescope that the surface of Jupiter is diversified 
with a variety of belts, which frequently change 
their appearance, and sometimes by bright and 
dark spots. Now all ,the varieties on its surface, 
and the changes which ‘may take place in its at- 
mosphere, will be pretty distinctly seen from the 
surface of this satellite; and as Jupiter turns 
round its axis in the space of less than ten hours, 
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face. This expansive and variegated'surface of 
Jupiter, its diurnal rotation, and its rapid change 
of phases, will therefore form a most wonderful 
and interesting spectacle to the inhabitants of 
this satellite. F 
The three other satellites will likewise increase 
the variety and the luster of its firmament. The 
second satellite, in its course round Jupiter, will 
frequently come within 160,000 miles of the first, 
which is its nearest approach to it; at which time 
the satellité will appear with a face nearly three 
times as large as our moon. At other times it 
will be 680,000 miles distant, and will appear more 
than sixteen times smaller than in, the former po- 
sition. At the time when Jupiter presents its dark 
hemisphere to the first satellite, if the second sa- 
tellite be then at its nearest distance, or in opposi- 
tion to the sun, it will shine with a full enlightened 
hemisphere upon the first satellite. At other 


times it will assume a half moon, a crescent, ora © 


gibbous phase; and these phases will not only be 
rapidly changing, but the apparent magnitude of 
the satellite will likewise be. rapidly increasing or 
diminishing. While at one period it shines with 
a large and full enlightened face, in the course of 
two.or three of our days it will appear as a slen- 
der crescent, and more than twelve or sixteen 
times less in apparent diameter than before. The 
third and fourth satellites will exhibit phenomena 
somewhat similar; but as their distance is greater 
than. that of the:second, their apparent magni- 
tudes will be*smaller, and the changes of their 
phases will be less frequent, in proportion to the 
slowness of their motjons and the length of the 
periods of their revolutions. The eclipses‘of the 
sun, which so frequently happen to the first sa- 
tellite from the interposition of the body of Jupiter, 
will form very interesting and impressive phenom- 
ena. Hvyery forty-two hours this satellite suffers 
a solar eclipse for the space of more than two 
hours; and it is highly probable that it is chiefly 
at such times that the starry. firmament appears 
in all its splendor, and affords its inhabitants an 
opportunity of tracing the motions and contem- 
plating the phenomena of the distant bodies of 
the universe; for at other times the blaze of re- 
flected light from the body of Jupiter and from 
the other satellites will, in all probability, prevent 
the greater part of the fixed stars from being dis- 
tinctly perceived; so that these eclipses, instead 
of being an evil'or a cause of annoyance to the 
inhabitants, will increase their enjoyment, will 
add to the variety of their celestial scenery, and 
open 'to them prospects of the grandeur of the 
starry firmament and the distant regions of cre- 
ation. 

What has been now stated in reference to the 
first satellite may also be applied in general to the 
other three satellites, with this difference, that 
Jupiter will appear of a different apparent mag- 
nitude from each satellite; and the motions, mag- 
nitudes, and aspects of the other satellites will 
likewise be somewhat different. In each satellite 
the great globe of Jupiter, suspended motionless 
in the sky, will be the most conspicuous object 
in the heavens. ‘T'o the second satellite this globe 
will appear about 470 times larger than our moon; 
to the third 180 times; and to the fourth about 80 
times the apparent size of the full moon. But 
each satellite will have certain other phenomena 
peculiar to itself, which it would be too tedious to 
describe. . To all of them the occultations of the 
other satellites by the body of Jupiter; their 
eclipses by falling into its shadow; the varieties 
on its surface, caused by its diurnal rotation; the 


every hour will present a new scene upon its sur- | shadows of the satellites passing like dark spots 
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across its disc; the transits of the satellites them- 
selves, like full moons crossing the orb of Jupiter; 
the diversified phenomena of eclipses, some of 


them happening when the satellite is like a cres- | 


cent or half moon, and some of them when it 
appears as a full-enlightened hemisphere, and va- 
rious other circumstances, will afford an indefi- 
nite variety of celestial phenomena; and scarcely 
a single day will pass in which some of these 
phenomena are not observed. The length of the 
day is different in each satellite, In the first sat- 
ellite, the length of the day and night is 42 hours 
27 minutes; in the second, 3 days, 13 hours; in 
the third, 7 days, 31g hours; and in the fourth, 
16 days, 161g hours. The starry heavens will 
therefore appear to make a revolution round each 
satellite in these respective times. The other 
satellites will also appear to make a diurnal revo- 
lution, but in periods of time somewhat different. 
The variety of motions, and.other phenomena to 
which we have now alluded, and particularly the 
rotation of Jupiter and the variation of its phases; 
will afford various accurate measures of time to 
all the satellites. The following figure contains a 
rude sketch of a portion of the firmament as it 
will appear from one of the satellites of Jupiter. 


Pip, 117. 



























































































































































In this figure, suppose the larger circle at the 
top to represent one of the satellites. as seen in the 
firmament of the-fourth satellite, and suppose it 
appears with asurface twice the size of our moon; 
Jupiter would require to be double the size here 
represented, and more than fifteen times larger to 
represent its comparative size as viewed from the 
Jirst satellite. ‘The larger circle represents Jupi- 
ter when exhibiting a gibbous phase to the satel- 
lite; the three other figures are the other satellites 
under different phases. 

Celestial Scenery of the Satellites of Saturn— 
What has been stated above in relation to Jupi- 
ter’s satellites will apply, in part, to those of Sa- 
turn. But the satellites of this planet have like- 
wise celestial scenery peculiar to themselves, and 
the scenes presented to one satellite are, in some 
respects, different from those presented to all the 
rest. One of the most singular phenomena in 
their firmament is the diversified appearance of 
the body of Saturn, and that of its rings, which 
will be beheld in their sky under a great variety 
of aspects. To describe all the variety of pheno- 
mena peculiar to each satellite connected with 
Saturn would almost require a separate treatise, 
and therefore I shall state only two or three pro- 
minent facts in relation to the first and seventh, 
or the innermost and outermost satellites. The 
first satellite, being only 80,000 miles distant from 
the surface of Saturn, and only 18,000 miles from 
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the outer edge of the rings, the globe of Saturn 
and its stupendous rings must present a very au- 
gust and striking appearance in its nocturnal 
firmament. The hemisphere of Saturn contains 
an area more than 1300 times larger than that of 
our moon; consequently, if the first satellite were 
placed at the same distance from Saturn as. our 
moon, the surface of that planet would appear, 
from the satellite, 1300, times larger than the 
moon does to us. But the satellite is only 120,006 
miles from the center of Saturn, or -half the dis- 
tance of the moon from the center of the earth; 
therefore Saturn will appear four times larger, or 
5200 times greater, as seen from this satellite, 
than the moon when viewed from the earth. The 
moon occupies only the 1-90,000th part of our ce- 
lestial hemisphere, but the globe of Saturn will 
fill one-seventeenth part of the visible firmament 
of its first satellite; and if we take the extent of 
the rings into account, they will occupy a space 
two or three times greater; so that the planet and 
its rings will present a most grand and magnifi- 
cent object in the canopy of heaven, of which we 
can form only a very faint conception. It is not 
likely that more. than one-half of the globe of Sa- 
turn will be visible from this satellite on account 
of the interposition of the rings; and as it moves 
in an orbit which is nearly parallel with the plane 
of the rings, the surfaces of these rings, will be 
seen in a very oblique direction; but still they will 
exhibit a very resplendent appearance. When the 
edge of the exterioy ring is’ opposite to the satel- 
lite, and enlightened by the sun, it will present a 
large arch of light in the heavens-on each side of 
the planet, above which will appear half the hemi- 
sphere of Saturn... If the satellite turn round its 
axis in the same time in which it revolves round 
the planet, as is probable, Saturn and its rings 
will appear stationary in the heavens, and the 
planet will present to the inhabitants of the satel- 
lite a variety of phases, such asa half moon and 
a crescent, beside the variety of objects which 
will appear on the surface of Saturn during its 
rotation on its axis. The rings will likewise ap- 
pear to vary their aspect during every revolution, 
beside the variety of objects they will present du- 
ring their rotation. At one time they will exhibit 
large and broad luminous arches; at another time 
they will appear as narrow streaks of light; and 
at another they will appear like dark belts across 
the dise of Saturn. And as this satellite moves 
round the planet in the course of twenty-two and 
a half hours, these appearances will be changing 
almost every hour. ‘The appearances of the six 
other satellites, continually varying their phases, 
their apparent magnitudes, and their relative as- 
pects; their positions in respect to the body of 
Saturn and its rings; their occultations by the in- 
terposition both of the rings and the planet, and 
the eclipses to which they are frequently subject- 
ed, will produce a diversity of phenomena and a 
grandeur unexampled in the case of any other 
moving bodies in our system. The second satel- 
lite, when in opposition, or at its nearest position 
to the first, will be only thirty thousand miles dis- 
tant; and although its real size is not greater than 
our moon, it will present a surface sixty-four 
times larger than the full moon does in our sky- 
It will appear in all the phases of the moon in the 
course of less than thirty-six hours, and will be 
continually changing its apparent magnitude, on 
account of its removing farther from or nearer to 
the first satellite. The third satellite* will appear 





* Here the satellites are distinguished according to the or- 
der of their distances from Saturn. 
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nearly half as large, as it is only seventy thousand 
miles distant at its nearest approach; and will 
present nearly the same varieties. as the other.— 
All the other satellites will appear smaller in pro- 
portion to their distance from the orbit of the first; 
but they will all appear much larger than our 


moon, except the seventh, or outermost satellite, 


which will appear considerably smaller. Perhaps 
the sixth satellite from Saturn will not appear 
larger than our moon. 

The seventh or outermost satellite, which is 
reckoned among the largest, will have a scenery 
in its sky somewhat different from that of the 
first. As its orbit is materially inclined to the 
rings, its inhabitants will have a more ample pros- 
pect of these rings and of the body of Saturn than 
several of the other satellites, although these ob- 
jects are beheld at a greater distance, and, conse- 
quently, will not fill so large a portion of its sky. 
Their appearance, however, will not be destitute 
of splendor; for this satellite is 400 times nearer 
Saturn than we are, and the body of this planet 
will appear sixteen times larger than the moon to 
us, and its rings will occupy a space proportiona- 
bly more expansive. The phases of Saturn and 
{ts rings, and the various changes of aspect which 


they assume, will be more distinctly perceptible, | 


though on a smaller scale, than from some of the 
interior satellites; for the whole body of the pla- 
net, as well as the rings, willin most cases appear 
full in view. The other six satellites will be seen 
in all the different, phases and aspects above de- 
scribed, and they will never appear to recede to 
any great distance from the body of Saturn; but 
will appear first on one side and then on another, 
and sometimes either above or below the planet, as 
Mercury and Venus appear to us in respect to the 
sun, and, consequently, that portion of the hea- 
vens in which Saturn appears will. present a most 
splendid appearance. Im this respect the relative 
positions of the satellites, as seen from the outer- 
most, will be different from their aspects and po- 
sitions as viewed from the innermost satellite, 
where they will’sometimes appear in regions of 
the sky directly opposite to Saturn. ~All the other 
satellites of this planet will have phenomena pecu- 
liar to themselves in. their respective firmaments, 
and in all of them these phenomena will be ex- 
hibited on a scale of grandeur and magnificence. 
But to enter into details in reference to each satel- 
lite might prove tedious to the general reader. 

Let us, then, conceive a firmament in which is 
suspended a globe five thousand times larger than 
the apparent size of our moon; let us conceive 
luminous arches, still more expansive, surround- 
ing this globe; let us conceive six moons of 
different apparent magnitudes, some of them sixty 
times larger in apparent size than ours; let us 
conceive, further, all these magnificent bodies 
sometimes appearing in one part of the heavens 
and sometimes in another, changing their phases 
and apparent magnitudes and distances from each 
other every hour; appearing sometimes like a 
large crescent, sometimes like a small, sometimes 
shining with a full enlightened face, and some- 
times suffering a total eclipse; sometimes hidden 
behind the large body of the planet. and sometimes 
erossing its disc with a rapid motion, like a circu- 
lar shadow; let us suppose these and many other 
diversified phenomena presenting themselves with 
unceasing variety in the canopy of heaven, and 
we shall have some faint idea of the grandeur of 
the firinament as seen from some of the satellites 
of Saturn. 

No. delineations, except on avery large scale, 
could convey any tolerable idea of the objects 
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now described. » Fig. 112 exhibits a rude idea of 
the firmament as viewed from the first or second 
satellite of Saturn; but the body of Saturn and 


Fig. 112, 









the ring should be eight or ten times larger in pro- 
portion to the size of the moons or satellites here 
represented. As the orbits of the inner satellites 
ate nearly on the samé ‘plane as the rings, they 
will-appear, in an oblique position, and it is ques- 
tionable whether the division between the rings 
will be distinctly visible. The opposite part of the 
ring, or that which is most distant from the satel- 
lite, will appear smaller than the side which is 
nearest it; and only one-half of the body of Sa- 
turn will be seen; the other ‘half heing hidden, 
either in whole or in part, by the ring. 

Fig. 113 represents the firmament of the se- 
venth or outermost satellite. As ils orbit is con- 
siderably inclined to the plane of the ring, the 


Fig. 113, 





whole body of the planet will frequently be seen 
within. the rings, which will appear as ovals 
around it. The. six other satellites will appear 
in the vicinity of Saturn and its rings, none of 
them ever removing to any considerable distance 
from the edge of the rings, and some of them may 
oceasionally be seen moving in the open space be- 
tween the planet andthe rings. In this figure Sa- 
turn and the rings should be considerably larger 
in proportion to the moons than they are here re- 
presented. 

Celestial Scenery as viewed from the Rives of 
SalurnSupposing the rings to be inhabited, 
which there is as much reason to believe as that 
the planet itself is a habitable globe, it is probable 
that there is a greater diversity of celestial scene- 
ry and of sublime objects presented to view than 
any we have yet described. ‘There will be at 
least six varieties of celestial scenery, according 
as the spectator is placed on different parts of the 
rings. One vatiety of scene will be exhibited 
from the exterior edge of the outer ring; a second 
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variety from the interior edge of the inner ring; 
a third variety from the interior edge. of the outer 
ring; a fourth from the exterior edge of the inner 
ring; a fifth from the sides of the rings enlighten- 
ed by the sun; and a sixth variety from the oppo- 
site sides, which are turned away from the sun, 
and enjoy, for a time, only the reflected light from 
the satellites. ‘To describe all these varieties in a 
minute detail would be tedious, and at the same 
time unsatisfactory, without the aid of diagrams’ 
and figures on a cae enlarged ‘scale, and there- 
fore I shall chiefly confine myself to a general 
description of one of these celestial views. 

Those who live on the sides of the rings will 
behold the one-half of the hemisphere of Saturn, 
which will fill, perhaps, the one-fifth or the one- 
sixth part of their celestial hemisphere, while the 
other portions of the planet will be hidden by the 
interposition of the rings. ‘Those who are near 
the inner edge of the interior ring are only thirty 
thousand miles from the surface of Saturn, and 
consequently all the varieties upon its surface 
will be distinctly perceived. Those near the outer 
edge of the exterior ring are about sixty thousand 
miles distant from the planet, which will conse- 
quently appear to them four times less in size than 
to the former; but being only eighteen thousand 
miles from the first satellite at the time of its 
opposition to Saturn, that satellite will present 
an object more than three hundred and fifty times 
larger than our moon, which will rapidly assume 
different phases, and will be continually varying 
in its apparent magnitude; and at its greatest dis- 
tance beyond the opposite side of the rings it will 
appear at least 170 times less than when in the 
nearest point of its orbit; and all the intermediate 
varieties of magnitude and aspect will be accom- 
plished within less than two days. So that this 
satellite will be continually changing its apparent 
size, from an object two or three times the appa- 
rent bulk of our moon to one 350 times greater. 
The same may be affirmed in respect to the other 
six satellites, with this exception, that they will 
appear of a smaller magnitude, and the periodic 
times of their phases and the changes in apparent 
magnitude will be different. — ae 

Another object’ which will diversify the firma- 
ment of those who are on one of thesides of the rings 
is the opposite portions of the rings themselves.— 
These will appear proceeding from each side of the 
planet like large broad arches of light, each of 
them somewhat less than a quadrant, and will fill 
a very large portion of the sky, so that the inhabi- 
tants of the same world will. behold a portion of 
their own habitation forming a conspicuous part 
of their celestial canopy, and, at first view, may | 
imagine that it forms a celestial object with which 
they have no immediate connection. Were they 
to travel to the opposite part of the ring, they 
would see the habitation they had left suspended 
in the firmament, without being aware that the 
spot which they left forms a portion of the phe- 
nomenon they behold. As the rings revolve round 
the planet, and the planet revolves round its axis, | 
the different parts of the surface of the planet 
will present a different aspect, and its variety of 
scenery will successively be presented to the view. 
The eclipses of the sun and of thé satellites, by 
the interposition of the body of Saturn and of the | 
opposite sides of the rings, will produce a variety 
of striking phenomena, which will be diversified 
almost every hour. 

From the dark side of the rings, which are 
turned away from the sun for fifteen years, a great 
variety of interesting phenomena will likewise be 
presented ; and, during this period, the aspect of 
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the firmament will in all probability be most vivid 
and striking. This portion of the rings will not 
be in absolute darkness during the absence of the 
sun, for some of the seven satellites will always 
be shining upon it; sometimes three, sometimes 
four, and sometimes all the seven, in one bright 
assemblage. It is probable, too, that the planet, 
like a large slender crescent, will occasionally dif- 
fuse a mild splendor; and, in the occasional ab- 
sence of these, the fixed stars will display their 
radiance in the heavens, which will be the princi- 
pal opportunity afforded for studying and contem- 
plating these remote luminaries. Those who are 
on the outermost ring will behold the other ring, 
and the opposite parts of their own, like vast 
arches in the heavens; and although only 2800 
miles intervene between the two rings, that space 
may be as impassable as is the space which inter- 
venes between us and the moon. 

If the two rings have a rotation round Saturn 
in different periods of time, as is most probable, 
it will add a considerable variety to the scenery 
exhibited by the different objects which will suc- 
cessively appear in the course of the rotation. 

The numerous splendid objects displayed in the 
heavens, as seen from these rings, would afford a 
grand and diversified field for telescopic observa- 
tions, surpassing in variety and sublimity whatever 
is displayed in any other region of the solar system; 


Fig. 114. 





by which some of the objects might be contempla- 
ted as if they were placed within the distance of 
forty or fifty miles. 

The preceding figure (114) represents a view 
of the firmament from one of the sides of the 
rings, in which is seen half of the hemisphere of 
Saturn, with a portion of the opposite sides of the 
rings projecting, as it were, from each side of the 
planet, the central part being hidden by the inter- 
position of its body. From the inner edge of the 
interior ring the whole hemisphere of Saturn 
will be visible. The body of Saturn and the rings 
should be at least twenty times larger than here 
represented, so as to be proportionate to the ap- 
parent size of the satellites. 

Celestial Scenery from the Satellites of Uranus. 
—After what we have stated respecting the satel- 
lites of Jupiter, it would be needless to enter inta 
detail respecting the celestial views from the satel- 
lites of this planet, as they will bear a striking 
analogy to those of the moons of Jupiter; but the 
firmament of each satellite of Uranus will -be 
more diversified than that of any of the satellites 
of Jupiter, as there are six satellites connected 
with this planet, and probably three or four more 
which lie beyond the reach of our teloscopes.— 
From its first satellite the body of Uranus wil! 
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appear nearly three hundred times larger than the 
apparent size of the moon in our sky, and, conse- 
quently, will appear a very grand and magnificent 
object, in.its firmament, while the other five moons, 
in different phases and positions, will serve both 
to illuminate, its surface, and to diversify the 
scenery of the heavens. To the second satellite 
Uranus will appear about one hundred and eighty 
times larger than the moon to us; and to the other 
satellites it will present a smailer surface in pro- 
portion to their distance. Hach satellite will have 


its own peculiarity of celestial phenomena; but. 


after what we have already stated in the preceding 
descriptions, it would be inexpedient to enter into 
details. I shall therefore conclude these descrip- 
tions with the following remarks: 

1. In the preceding descriptions, the apparent 
magnitudes of Jupiter, Saturn, and Uranus, as 
ssen from the satellites, and the apparent magni- 
tudes of the satellites, as seen from each other, are 
only approximations to the truth, so as to convey 
a general idea of the scenes displayed in their re- 
spective firmaments; perfect accuracy being of no 
importance in such descriptions. 2. The variety 
of celestial phenomena in the firmaments of these 

dies is much greatér than we have described.— 
Were we to enter into minute details in relation 
to such phenomena, it would require a volume of 
considerable size te contain the descriptions; for in 
the system of Saturn itself there is more va- 
riety of phenomena than in all the other parts 
of the planetary system. 3. Machinery would 
be. requisite in order to, convey. clear ideas 
of some of the views alluded to in the prece- 
ding descriptions, particularly in relation to the 
rings and satellites of Saturn, in which the propor- 
tional distances and magnitudes of the respective 
bodies would require to be accurately represented. 
An instrument of considerable size and complica- 
tion of machinery would be requisite for exhibi- 
ting all the phenomena connected with Saturn; 
and one of the principal difficulties would be to 
produce a diurnal rotation of the rings round Sa- 
turn, while at the same time they had no immedi- 
ate connection with it, and while their thickness 
was no greater in proportion to their breadth than 
what is found in nature, which is only about the 
one three hundredth part of the breadth of the two 
rings, including the empty space between them. 
4. The diversity,of celestial scenery to which we 
have alluded is an evidence of the infinite variety 
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| which exists throughout the universe, and shows 


us by what apparently simple means this variety 
is produced. We are thus led to conclude, that 
among all the systems and worlds dispersed 
throughout boundless space, there is no one de- 
partment of creation exactly resembling another. 
This is likewise exemplified in the boundless vari- 
ety exhibited in our world, in the animal, vegeta- 
ble, and mineral kingdoms. 5. The alternations 
of light and darkness, and the frequent eclipses of 
the celestial luminaries. which happen:among the 
bodies conected with Jupiter, Saturn, and Uranus, 
so far from being incoveniences and evils, may be 
considered as blessings and enjoyments; for it is 
only or chiefly when their inhabitants are deprived 
of the direct light of, the sun, or its reflection 
from the satellites, that the starry heavens will 
appear in all their glory; and as the interval in 
which they are thus deprived of light is short, 
and as it adds to the variety of the celestial scene, 
it must be productive, of pleasure and enjoyment. 
6. The same planets will be seen in the. firma- 
ments of the satellites.as in those of their prima- 
ries; but they will be seldom visible on account 
of the large portion of reflected light which will 
be diffused throughout their sky, except in those 
cases when their nocturnal luminaries suffer an 
occultation or a total eclipse. The bodies more 
immediately connected with their own system 
will form the chief objects of their attention and 
contemplation, and will appear more interesting 
and magnificent than any phenomena connected 
with more distant worlds. 7. On all the satellites, 
and particularly on the rings of Saturn, it will be 
more difficult to ascertain the true system, of the 
universe than in any other point of the solar sys- 
tem. I have already alluded to the difficulty of 
determining the true system of the world as ob- 
served from the moon: but it will be still more 
difficult in the case of observers placed on the 
rings or satellites of Saturn. The numerous 
bodies which are ‘seen every hour shifting their 
aspects and positions, the apparent complication 
of motions which they will exhibit, their phases, 
eclipses, and rapid diminution of apparent size, 
combined with the apparent diurnal revolution of 
the heavensand of all the bodies in their firmament, 
will require numerous and accurate observations, 
and powers of intellect supgrior to those of man, 
in order to determine with precision their place in 
the solar system and the true theory of the universe. 
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ON THE DOCTRINE OF A PLURALITY OF WORLDS, WITH AN ILLUSTRATION 
OF SOME OF THE ARGUMENTS BY WHICH IT MAY BE SUPPORTED. 


In the preceding descriptions of the facts con- 
nected with the bodies which compose the planet- 
ary system, and of the celestial scenery displayed 
in their respective firmaments, I have assumed the 
position that they are all peopled with intellectual 
beings. This is a conclusion to which the mind 
is almost necessarily led, when once it admits the 
facts which have been ascertained by modern as- 
tronomers. It requires, however, a minute know- 
ledge of the whole scenery and circumstances 
connected with the planetary system before this 





conviction.. As in the preceding pages I have 
stated, with some degree of minuteness, the prom- 
inent facts connected with all the bodies of the 
solar system (except comets), so far as they are 
yet known, the way is now prepared for bringing 
forward a few arguments founded on these facts, 
which will require less extensive illustrations than 
if I had attempted to discuss this topic without 
the previous descriptions. It may be proper, 
however, to state, that in this volume I propose 
to bring forward only a few. of those arguments 


truth comes home to tho understanding with full! or considerations by which the position announced 
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above may be corroborated and supported, leaving 
the discussion of the remaining arguments to an- 
other volume, in which the other portions of the 
scenery of the heavens will be described. This 
is rendered almost indispensable on account of the 
size to which the present volume has already 
swelled. 


SECTION I. 


Tux first argument I shall adduce in support of 
the doctrine of a plurality of worlds is, that there 
are bodies in the planetary system of such MAGNI- 
tubEs as to afford aniple scope for the abodes of 
myriads of inhabitants. 

This position has been amply illustrated in the 
preceding parts:of this volume, particularly in 
chapter iii. From the statements contained in 
chap: vi, it appears. that the whole planetary 
bodies, exclusive of the sun, comprehend an area 
of more than seventy-eight thousand milhons of 
square miles, which is three hundred and ninety- 
seven times the area of our globe; so that the sur- 
faces of all the planets and their satellites are 
equal, in point of space, to 397 worlds such as 
ours. But as the greater part of our globe is cov- 
ered with water, and, consequently, is unfit for 
the permanent residence of rational beings, and 
as we have no reason to believe that the other 


planets have such a proportion of water on their | 


surface, if we compare the habitable parts of the 


earth with the extent of surface on the planets, | 


we shall find that they contain one thousand five 
hundred and ninety-five times the area of all that 


portion of our globe which can be inhabited by | 


human beings.’ If we take into consideration the 
solid contents of these globes, we.find that they 
are more than two thousand four hundred and 


eighty times the bulk of our globe;.and the num- | 


ber of inhabitants they would contain, at the rate 
of England’s population, is no less than 21,895,- 
000,000,000, or nearly twenty-two billions, which 
is more than twenty-seven thousand times the pres- 
ent population of our globe. 
extent of surface on all the planets, their rings 
and satellites, in respaet of space for population, 
is equivalent to 27,000 such worlds as ours in its 
present state. 

~ Now, can we for a.moment imagine that the 
vast extent of surface on such magnificent globes 
is a scene of barrenness and desolation; where 
eternal silence and solitude have prevailed, and 
will for ever prevail; where no sound is heard 
throughout all their expansive regions; where 
nothing appears but interminable deserts, diversi- 
fied with frightful precipices and gloomy caverns; 
where no vegetable or mineral beauties adorn the 
landscape; where no trace of rational intelligences 
is to be found throughout all their wastes and 
wilds; and where no thanksgivings, nor melody, 


skies? 'T'o suppose thatsuch is the state of these 
capacious globes would exhibit a most gloomy 
and distorted view of the character and attributes 


In other words, the | 
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\it in vain.” 
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to serve the purpose of gratifying the senses or 
of affording d insdiur of thought to the mental 
faculty, or of exhibiting to the mind a sensible 
display of the existence and perfections « the 
supreme Intelligence. And if it serve such pur- 
poses in this part of the creation which we occupy, 
reason says that it must serve similar purposes 
in other regions of the universe. How incon- 
gruous would it be to maintain that matter serves 
such purposes in our terrestrial arnt and no- 
where else throughout the range of the planetary 
system? In other words, that it is useful to sen- 
sitive existences within the compass of the one 
four hundredth part of that system, but serves 
no useful or rational purpose in the other three 
hundred and ninety-nine parts; for the area of 
the earth, as above stated, is only about the one four 
hundredth part of the area of all the other plan- 
ets. Such’a conclusion can never be admitted in 
consistency with those perfections which both 
natural and revealed religion attribute to the Deity. 
If matter was not created merely for itself, but for 
the enjoyment of a superior nature, then it nec- 
essarily follows, that wherever matter exists, that 
nobler nature, whether sensitive or eat 
for whose sake it was created, must likewise e: 
throughout some portions of its extent. To re- 
plenish one comparatively little globe with sen- 
sitive and rational inhabitants, and to leave several 
hundreds empty, desolate, and useless, is the per- 
fect reverse of art and contrivance, and altogether 
incompatible with the conceptions we ought to 
form of Him who is “the only wise God,” and 
who is declared to have displayed himself, in all 
his operations, as “wonderful in counsel and ex- 
cellent in working.” 

In accordance with this sentiment, we find the 
inspired writers, when speaking in the name of 
Jehovah, admitting the validity of such reasoning. 
* Thus saith Jehovah that created the heavens; 
God himself that formed the earth-and made it: 
he hath established it; HE CREATED IT NOT IN VAIN; 
HE FO D IT TO BE INHABITED. I am Jehovah, 
and there is none else.”’** Here it is plainly and 
pointedly declared, that to create the earth with- 
out the design of its being inhabited would have 
been a piece of folly inconsistent with the perfec- 
tions of Him whose intelligence and.wisdom are 
displayed throughout all his works. To have left 
it empty and useless would have been “to create 
It would neither have contributed 
to the enjoyment of intellectual beings, nor served 
as a manifestation of the intelligence, wisdom, 
and beneficence of its Creator. This passage 
likewise intimates that it is the ultimate design 
of Jehovah that this world shall, ere long, be fully 
peopled with inhabitants, and that its forests and 
desolate wastes shall, in future ages, be trans- 
formed into scenes of beauty and fertility, fitted 
for being the abodes of renovated moral agents 
at that period when “the knowledge of the Lord 
shall cover the earth;’? and this extension of pop- 


| ulation and of cultivation is evidently going for- 
nor grateful adorations ascend to the Ruler of the | 


ward with rapid progress at the present time in 


' different quarters of the globe. In connection 


with this declaration respecting the earth, it is 
also declared, that the same Almighty Being that 


of the Creator. It would represent him as exert- | arranged the earth for the purpose of replenishin 

ing his creating power to no purpose; and as| it with inhabitants, likewise “ created the heavens ;”” 
acting in a different, and even in an opposite char- | plainly intimating, that as both the fabrics were 
acter, in different parts of his dominions; as dis- |erected by the same all-wise and omnipotent in- 


playing wisdom in one’ part of his creation, and | telli 


an opposite attribute in another. 
we are able to penetrate, it appears demonstrable 


gence, the same wisdom is displayed in both, 


For, so far as) and that the same grand and beneficent designs 


that matter exists chiefly, if not solely, for the 


sake of sensitive and intellectual beings; either 


oe. 


* Isaiah xlv, 18, 
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GENERAL SIMILARITY OF THE ‘PLANETS. 


are accomplished in the globes which roll in the 
heavens as well as in the constitution of the 
earth in which we dwell. If the one was created 
for use, for the enjoyment of rational natures, 
and as a theater in-which the Divine perfection 
might be displayed, so was the other. It is added, 
“1am Jehovah, and there is none else;” implying 
that there is a unity of principle, design, and 
Operation, in all his plans and arrangements 
throughout the universe, however different in the 
means employed, and however varied the effects 
produced in different parts of his dominions. 

Some, however, may be disposed: to insinuate 
that the Deity may have designs in view, in the 
creation of matter, of which we are altogether 
ignorant, and that the planets and other bodies in 
the heavens may display the Divine glory in some 
way or another, although they be not peopled with 
inhabitants. Itis readily admitted that we are 
ignorant of many of the purposes of the Deity; 
of the details of his operations in the distant re- 
gions of creation, and. of many of the plans and 
movements of his moral government; and that, 
through an eternal lapse of ages, we shall always 
emain in ignorance of some of the works. and 
ways of the Almighty. But there are certain 
general principles and views with which the Deity 
evidently intends that all his rational creatures 
shouldbe acquainted. It was evidently intended 
that the visible creation should adumbrate, as) it 
were, the character of Him: who produced it; or 
that it should serve‘as a mirror, in which His ex- 
istence and some of His perfections might clearly 
be perceived. But if the great globes of the uni- 
verse were destitute of inhabitants, how could 
the Divine glory be discovered in their structure? 
How could a confused mass of rubbish and deso- 
lation, however vast and extensive, display the in- 
telligence, the wisdom, and the benevolence of 
its Maker? It might indicate a power surpassing 
our comprehension, but it would display no other 
perfection which tends to excite the admiration, 
the love, and the adoration of rational beings. Yet 
we are informed in the Scriptures that celestial in- 
telligences celebrate the perfections of Jehovah, 
‘because he hath created all things,” and because 
they perceive “His works’? to be ‘‘GREAT AND 
MARVELOUS.” They ascribe to Him ‘ wisdom, 
and glory, and honor, and power, and thanksgiv- 
ing,’”’ from the display of His character which 
they perceive in his works. But -how could they 
ascribe to him such perfections, if the mightiest 
of his works were a scene of barrenness and des- 
olation. Wisdom ean be attributed only where 
there appears to be a proportionating of means to 
ends; and goodness can have no place where 
there are no sensitive or rational beings to enjoy 
the effects of it. It is, therefore, a mere evasion 
to assert that the Divine glory may be manifested 
in the celestial globes, although destitute of in- 
habitants. Every part of the character of God, 
by which he is rendered amiable and adorable in 
the eyes of his intelligent offspring, would be 
obscured and distorted were we for a moment. to 
harbor such a sentiment. For wherein does the 
Divine glory consist? It chiefly consists in the 
display of infinite wisdom, rectitude, holiness, 
and unbounded beneficence; and where such-at- 
tributes are not manifested there cannot be said to 
be a display of Divine glory. But such attributes 
could never be traced by man, or by any: other 
order of intelligences, were the planetary bodies 
and the other orbs of heaven a scene of eternal 
silence, solitude, and waste; where no percipient 
being existed to taste the goodness or to adore the 
perfections of its Creator. 
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all these animals. 
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SECTION Il. 


\ ‘* 

Arcument II. There is @ GENERAL SIMILARITY 
among all the bodies of the Planetary System, which 
tends to prove that they are intended to subserve the 
same ultimate designs in the arrangements of the 
Creator. : 

‘In the elucidation of this argument it will be 
requisite that a variety of facts, some of which 
have been noticed.in the preceding pages, should 
be brought under review. We are not to imagine 
that the planets, considered as habitable worlds, 
are arranged exactly according to the model of 
our terrestrial habitation; for the Creator has in- 
troduced an infinite variety in every department 
of His works; and we know.from observation 
that there are certain arrangements connected 
with those bodies which are very different from 
those which ‘are found in connection with our 
glcbe: But in all worlds destined for the habita- 
tion of intellectual nature we should expect to 
find some general analogy or resemblance in their 
prominent features, and in those things. which 
appear essential to the enjoyment of such beings. 
Were we to attend the dissection of any animal— 
a dog, for example—and perceive the heart, the 
stomach, the liver, the lungs, the veins, arteries, 
and other parts essential to life and enjoyment, 
we could scarcely doubt that the same organs, 
though perhaps somewhat modified, were likewise 
to be found ina cat, a bullock, or any other quad- 
ruiped, and that they served the same purposes in 
In like manner, when we find 
on our globe certain parts and arrangements es- 
sentially requisite to its béing a habitable world, 
and when we likewise ‘observe similar contrivan- 
ces connected with other distant globes, we have 
every reason to conclude that they are intended 
to subserve similar designs. In accordance with 
this principle, I shall now’proceed to detail a few 
contrivances and arrangements in the other planets, 
which evidently indicate that their grand and ul- 
timate design is to afford enjoyment to sensitive 
and intellectual natures. 

J. All ‘the planets, both primary and secondary, 
are of a spherical or spheroidal. figure similar to 
that of the earth. I have already shown (p. 103) 
that this'figure is the most capacious and the best 
adapted to motion, both annual and diurnal, and 
that the greatest inconveniences would be pro- 
duced were any'world constructed of an angular 
figure. The only deviation from this figure is to 
be found in the rings of Saturn. . But these rings 
are not angular bodies; for even the thin exterior 
edge of the rings is supposed, from some minute 
observations, to be curved; and, if so, it prevents 
the inconveniences which would arise from an 
angular construction. The flat sides of the rings, 
too, appear to have no angular elevations or pro- 
tuberances more than what may be supposed from 
a gently-waving surface such as that of our globes 
and although they are not globular bodies, they 
are circular, with thin edges, and are thus caleu- 
lated for rapid motion along with the planet; and 
the flat sides, having no angular’ projections, ap- 
pear perfectly adapted for being places of habita- 
tion, without any of those inconveniences or 
catastrophes which might ensue had they approx- 
imated to a cubical, prismatic, or pentagonal form. 
The rings, in short, approximate nearer to the 
globular figure and its conveniences than any 
other construction could. have done, and show us 
that, although the Creator proceeds in his opera- 
tions on some grand ‘general, principles, yet he is 
not limited or confined to one particular figure or 


128 
construction in arranging the celestial worlds. 
The planets, then, being all of a*globular or cir- 
cular form, appear completely adapted for being 
the abodes of living beings. : 

2. The planets are solid bodies similar to the 
earth. They are not merely a congeries of clouds 
and vapors formed into a globular shape, but pos- 
sessed of weight, solidity, or gravity. This is 
evident from the dark and well-defined shadows 
which they throw on other bodies, and from the 
attractive influence they exert throughout the 
system. Their figure isa proof that they possess 
such qualities; for their roundness proceeds from 
an equal pressure of all their parts tending toward 
the same center. Nay, astronomers, by the aid 
of observation and mathematical calculations, can 
tell what are the’ relative gravities or weights of 
the different planets; what proportion, for instance, 
the gravitation of Jupiter or Saturn bears to that 
of our earth, and what influence’ their attractive 
power produces on their own satellites, on the 
motion of comets, and on the smaller and inferior 
planets. In consequence of this solidity and at- 
tractive power, all things connécted with their 
surfaces are preserved in security and prevented 
from flying off to the distant regions of space; 
forit is this power, variously modified and directed, 
that preserves the material universe, and all the 
orders of ‘beings connected with it, in compact 
order and harmony, without the influence of 
which all things in heaven and earth would:soon 
be reduced to a universal chaos. In this respéct, 
then, as well as in the former, the -planets are fit- 
ted for the support of intellectual beings, furnished 
with material organs. 

3. All the planets have an ennual revolution 
round the sun. This revolution, in the case of 
the earth, combined with the inelination of its 
axis to the plane of its orbit, produces the variety 
of seasons; and although we are not to suppose 
that all the planets have seasons similar to ours, 
or that the heats of summer and the cold of winter 
are experienced in other worlds: (see pp. 44, 45), 
yet there is a certain variety of scene produced 
by this revolution in all the planets, particularly 
in those which have theiraxes of rotation inclined 
more or less to the plane of their orbits. This 
variety of scene will be particularly experienced 
on Saturn and on the surface of its rings; for in 
the course of one-half of the annual revolution 
the sun will shine on certain parts of these bodies, 
and during the other half they will be deprived 
of his direct influence. The annual revolutions 
of the planets, therefore, appear expedient, in or- 
der to produce an agreeable interchange and vari- 
ety of scenes, for the purpose of gratifying their 
inhabitants. The periods of these revolutions, 
too, are adjusted with the utmost exactness. The 
planets perform their circuits without deviating in 
the least from the paths prescribed, and finish 
their revolutions exactly in the appointed time, so 
as not to vary the space of a minute in the course 
of centuries. Now, were these bodies merely ex- 
tensive regions of uncultivated deserts, or were 
they placed in the vault of heaven merely that a 
few terrestrial astronomers might peep at them 
occasionally through their glasses, it is not at all 
likely that so much eare and accuracy would have 
been displayed in marking out their orbits and 
adjusting their motions and revolutions. 

4. The planets perform a diurnal rotation round 
their axes. This has been ascertained in reference 
to Venus, Mars, Jupiter, and Saturn, and we may 
justly conclude, from analogy, that the same is 
the case in respect to all the other planets. Wher- 


ever spots have been discovered on the surface of | 
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any planet, it has uniformly been fie to have a 
diurnal rotation. But where no spots or promi- 
nences have been observed, it is obvious that no 


|such motion, though it’really exist, can be de- 


tected. No spots have been observed on the 
planet Mercury, on account of its smallness and 
its proximity to the sun; nor on the planet Ura- 
nus, on account of its very great distance from 
the earth; but there-can be no doubt whatever 
that they have a diurnal’ motion as well as the 
other planets. By this motion every part of their 
surface is turned in succession toward the sun, 
and the alternate changes of day and night are 
produced. Were no such motion existing, one- 
half of these globes would be entirely uninhabit- 
able, for the enlivening rays of the sun would 
never cheer its desolate regions, and the other 


half might, be dazzled or parched with heat undor 


the perpetual effulgence of the solar beams. Beo- 
side, the continuance of a’ perpetual day, and the 
illumination of the sky by an uninterrupted efflux 
of solar light, would prevent the distant regions 
of creation from being seen and contemplated, so 
that no body, except the sun himself, and the - 
planet’ on’ which the spectator stood, would be 
known to exist in the universe. But it appears te 
have been the intention of the Creator not only 
to cheer the planets’by the invigorating influence 
of the sun, but likewise to open to the view of their 
inhabitants a prospect. into the regions of distant 
worlds, that they may behold a display of his 
wisdom and omnipotence, and of the magnificence 
of his empire; and this object has been completely 
effected in every part of the system by impressing 
upon the planets a motion of rotation, so that 
there is no body within the range of the solar in- 
fluence that does not, at one period or ahother, 
enjoy this advantage. 

The idea of night among the celestial bodies 
ought not to be associated with gloom, and dark- 
ness, and deprivation of comforts. In our world 
this ts frequently the case. A cloudy atmosphere, 
prise: ae the fury of raging winds, hurri- 


-canes, and the appaling thunder-storm, frequently 


renders our nights a scene of gloom and terror, 
especially to the benighted traveler and the mari- 
ner in the midst of the ocean. But such gloomy 
and terrific scenes would never have taken place 
had our globe and its inhabitants remained in that 
state of order and perfection in which they were 
originally created; and, therefore, we are to con- 
sider such physical evils as connected with the 
moral state of the present inhabitants of the earth. 
But even here, amid the gloom and darkness 
which frequently surround us, night not unfre- 
quently opens to view a scene of incomparable 
splendor and magnificence; a scene which, were 
it confined to one quarter of the globe, millions 
of spectators would be eager to travel thousands 
of miles in order to behold it. In’a clear and 
serene sky, night. unfolds to us the firmament, 
bespangled with thousands of stars, twinkling 
from regions immensely distant, and. the planets 
revolving in their different cireuits,-all a parently 
moving around us in silent grandeur. hen the 
moon appears amid the host of stars, the scene is 
diversified and enlivened. Poets and philosophera 
in all ages have been charmed and captivated with 
the mild radiance of a moonlight scene, which 
partly unvails even the distant landscape, and 
throws a soft luster and solemnity both on earth 
and sky altogether different from their aspect 
under the meridian sun. But we have already 
shown (chapter viii) that the splendor. of. the 
heavens during night in some of the other planets 
is far more magnificent and diversified than what 
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is exhibited in our firmament. The nocturnal 
scenes in the heavens of Jupiter, Saturn, Uranus, 
and their rings and satellites, in point of sublimity 
and variety, exceed every conception we can now 
form of celestial grandeur and magnificence; 
and, therefore, it is highly probable, that in those 
regions the scenes of night will be far more inter- 
‘esting and sublime, and will afford objects of con- 
templation more attractive and gratifying than all 
the splendors of their noonday. In this rotation 
of the planetary orbs there is a striking display 
both of wisdom and goodness, in causing a means 
80 apparently simple to be productive of so rich a 
variety of sublime and beneficent effects; and this 
circumstance of itself affords a strong presumptive 
evidence that every globe in the universe which 
has such a rotation is either a world peopled with 
inhabitants, or connected with a. system of habi- 
table worlds; for, without such a motion, the one- 
half, at least, of every globe would be unfit for 
the residence of organized intelligences. It is 
not improbable that. most, if not all the globes of 
‘the universe have a diurnal rotation impressed’ 
upon them. We find that even the globe of the 

sun has a motion of this kind, which it performs 
in the course of twenty-five days; and the phe- 
nomena of variable stars have induced some astro- 
nomers to conclude that their alternate increase 
and diminution of luster is owing to a motion of 
rotation around their axes. 

5. All the planets and their satellites are opaque 
bodies, which derive their luster from the sun. 
That Venus and Mercury are opaque globes, 
which have no light in themselves, is evident from 
their appearing sometimes with a gibbous phase, 
and at other times like a crescent or a half moon; 
and particularly from their having been seen 
moving across the disc of the sun like round 
black spots. Mars being a superior planet, can 
never appear like a crescent or a half moon; but 
at the time of its quadrature with the sun it 
assumes a gibbous phase, somewhat approaching 
to that of a half moon; which likewise prove that 
it is an opaque globe. Jupiter and Saturn must 
always appear round, on account of their great 
distance from the earth; but that Jupiter is opaque 
appears from the dark shadows of his satellites 
moving across his dise when they interpose be- 
tween him and the sun; and that Saturn is like- 
wise a dark body of itself appears from the 
shadow of the rings upon its disc. That the 
moon has an opaque body has been already shown 
(p.88), and it is obvious to. almost every ob- 
server; and that the satellites of Jupiter and 
Saturn are opaque appears from their eclipses, 
and the shadows they project on their respective 
planets. In this respect both the primary and 
the secondary planets are bodies analogous to the 
earth, which is likewise opaque, and derives. its 
light either directly from the sun or by reflection 
from the moon, except the feeble rays which pro- 
ceed from the stars. It forms, therefore, a pre- 
sumptive argument that all these bodies have a 
similar destination; for we cannot conceive any 
other globe so well fitted for the habitation of 
rational beings as that which is illuminated by 
light proceeding from another body. An inherent 
splendor on the surface of any globe would dazzle 
the eyes with its brilliaricy, and could never pro- 
duce such a beautiful diversity of form, shade, 
and coloring as appears on the landscapes of the 
earth, by means of the reflections of the solar 
rays. And, therefore, if the sun be inhabited, it 
can only be its dark central nucleus, and not the 
exterior surface of its luminous atmosphere. 

6. Tho bodies belonging to the planetary sys- 
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tem are all connected together by one common. prin- 


| ciple or law, namely, the law of gravitation. They 


are all subject to the attractive influence of the 
great central luminary; they revolve around it in 
conformity to the general law, that the squares 
of their periodical times are proportional to the 


eubes of their distances; they describe equal areas 


in equal times; their orbits are elliptical; they 
are acted upon by centripetal and centrifugal 
forces; and they all produce an attractive influ- 
ence on each other, in proportion to their dis- 
tances and the quantity of matter they contain. 
Being thus assimilated and combined into one 
harmonious system, the presumption is, that, 
however different in point of distance, magnitude, 
and density, they are all intended to accomplish 
the same grand and beneficent design, namely, to 
serve as the: abodes of living beings, and to pro- 
mote the enjoyment of intellectual natures. 

Since the planets, then, are all similar to one 
another in their spherical or spheroidal figures; 
in their being solid and opaque globes; in their 
annual and diurnal revolutions; and in being acted: 
upon by the same laws of motion; and since these 
circumstances are all requisite to the comfort and 
enjoyment of living beings, it is a natural and 
reasonable conclusion that their ultimate destina- 
tion is the same, and that they are all replenished 
with inhabitants. This earth on which we dwell 
is one of the bodies possessed of the qualities and 
arrangements to which we allude; and we know 
that its chief and ultimate design is to support a 
multitude of sensitive and intellectual beings, and 
to afford them both physical and mental enjoy- 
ment. Had not this been its principal destination, 
we are assured, on the authority of Divine revela- 
tion, that ‘i would have been created in vain.” 
We must therefore conclude that all the other 
globes in our system were destined to a similar 
end, unless we can suppose it. to be consistent 
with the perfections of Deity that they were cre- 
ated for no purpose. 


SECTION III. 

Arcument III. In the bodies which constitute 
the solar system, there are SPECIAL ARRANGEMENTS 
which indicate their avarration to the enjoyments of 
sensitive and intelligent beings; and which prove 
that this was the ullimate design of their creation. — 

This argument is somewhat similar to the 
former; but it may be considered separately, in 
order to prevent an accumulation of too many 
particulars under one head. ; 

1. The surfaces of the plains are diversified 
with hills and valleys, and a variety of mountain- 
scenery. This is particularly observable in the 
moon, whose surface is diversified with an im- 
mense variety of elevations and depressions, . 
though in a form and arrangement very different 
from ours (see pp- 88-91). It cannot be ascer- 
tained by direct observation that there are moun- 
tains on the surfaces of Jupiter, Saturn, or Ura- 
nus, by reason of their great distances from the 
earth. But that they are rough or uneven globes 
appears from their reflecting the light to us from 
every part of their surfaces, and from the spots 
and differences of shade and color which are 
sometimes distinguishable on their discs. For if 
the surfaces of the planets were perfectly smooth 
and polished, they could not reflect the light in: 
every direction; the reflected image of the sun 
would be too small to strike our eyes, and they 
would consequently be invisible. (See p. 88.) 


1380 (CELESTIAL 


Indications of mountains, however, haye been. 
seen on some of the other planets, particularly 
on Venus.’ Spots have been observed on this | 
planet on different occasions, and the boundary | 
between its dark and enlightened hemisphere has 
appeared jagged or uneven; a clear proof that its 
surface is diversified with mountains and yales. 
One of these mountains was calculated by Schroe- 
ter to be nearly eleven, and another twenty-two,| 
miles in perpendicular elevation; and there can 
be but little doubt that such inequalities are to be 
found on the surfaces of all the planets and their 
satellites, although they are not distinctly visible 
to us on account of their distance. 

The existence of mountains on the planets is 
therefore a proof, or, at least,a strong presump- 
tive evidence, that they are habitable worlds; for 
a perfectly smooth globe could present no great 
variety of objects or picturesque scenery, such as 
we behold in our world, and would doubtless be 
attended with many inconveniences. The view 
from any point of such a globe would be dall and 
monotonous, like the expanse of the ocean, or 
like: the deserts of Zahara or Arabia. It is the 
beautiful variety of hills and dales, mountains and 
plains, and their diversity of shadows and aspects, 
that render the landscapes of the earth interesting | 
and delightful to the painter, the poet, the man of 
taste and the traveler. Who would ever desire to 
visit distant countries, or even distant worlds, if: 
they consisted merely of level plains, without any 
variety, of several thousands of miles in extent? 
The mountains add both to the sublimity and the 
beauty of the surface of our globe; and from the 
summits of lofty ranges the most enchanting 
prospects are frequently enjoyed of the rivers and 
lakes, the hills and vales, which diversify the 
plains below. But beside the beauty and variety 
which the diversity of surface produces, moun- 
tains are of essential use in the economy of our 
globe. They afford many of the most delightful 
and salubrious places for the habitations of man; 
they arrest the progress of stormy winds; they 
serve for the nourishment of animals, and the 
production of an infinite variety of herbs and 
trees; they are the depositories of stones, metals, 
minerals, and fossils of every description, so ne- 
cessary for the use of man; and they are the por- 
tions of the globe where fountains have their rise, 
and whence rivers are conveyed to enliven and 
fertilize the plains. For, if the earth were divested 
of its mountains, and every part of its surface a 
dead level, there could be no running streams or 
conveyance for the waters, and they would either 
stagnate in large masses or overflow immense 
tracts of land. Hence it has been arranged by 
the wisdom of Providence that mountains should 
exist over all our globe, and that every country 
should enjoy the numerous benefits which such 
an arrangement is fitted to produce, 

As mountains, then, are part of the arrange- 
ments of other globes in the solar system, and as 
they are essentially requisite in such a world as 
ours, they may serve similar and even more im- 
portant purposes in other worlds. In some of the 
planets they appear to be more elevated and of 
greater dimensions than on the earth. Although 
the moon is much less in size than our globe, yet 
some of its mountains are reckoned to be five 
miles in perpendicular hight. ‘Some of the moun- 
tains on Venus are estimated to be four times 
higher than even this elevation. We may easily 
‘conceive what an extensive and magnificent pros- 
pect would be presented from the top of such 
sublime elevations, and what a diversity of objects 
‘would be presented to the eye from one point of 
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view. Nor need we. imagine there will be any 
great difficulty in ascending such lofty eminences; 
for the inhabitants of such worlds may be fur- 
nished with bodies different from those of the 
human race, and endowed with locomotive powers 
far superior to ours. If, therefore, the planets 
were found to be perfectly smooth globes, without 
any elevations or depressions, we should lose one 
argument in support of their being designed for 
the abodes of rational beings; but having the 
characteristic now stated, when taken into consid- 
eration with other arguments, it corroborates the 
idea of their being habitable worlds. , 

2. The planets, in all probability, are environed 
with atmospheres. It appears pretty certain that 
the moon is surrounded with such an appendage 
(see pp. 93, 94).. The planet Mars is admitted 
by all astronomers to be environed with a pretty 
dense atmosphere, which is the cause of its ruddy 
appearance (see pp. 49, 50 ); and indications of an 
atmosphere have been observed on Venus and 
some of the other planets. ‘To our world an at- 
mosphere is a most essential appendage. Without 
its agency our globe would be unfit for being the 
residence of living beings constituted as they now 
are; and were it detached from the earth, all the 
orders of animated nature, and even the vegetable 
tribes: would soon cease to exist.. Atmospheres 
somewhat analogous to ours may likewise be ne- 
cessary in other worlds. But we have no reason 
to conclude ‘that they are exactly similar to ours. 
While our atmosphere consists of a compound of 
several gaseous substances, theirs may be formed 
of.a pure homogeneous ethereal fluid, possessed 
of very different properties. While ours is im- . 
pregnated with dense vapors, and interspersed with 
numerous strata of thick clouds, the atmosphere 
of some of the other planets may be free of every 
heterogeneous substance, and perfectly pure and 
transparent. Their reflective and refractive pow- 
ers, and other qualities, may likewise be different 
from those of the atmosphere which surrounds 
the earth. Hence the folly of denying the exist- 
ence of an atmosphere around the moon or any 
other planet, because a fixed star or any other orb is 
not rendered dim or distorted when it approaches 
its margin. For if its atmosphere be either of 
small dimensions, or perfectly pure and trans- 
parent, or of a different refractive power from 
ours, such a phenomenon cannot be expected. 
We have no more reason to expect that the at- 
mospheres of other planets should be similar to 
ours, than that these bodies should be of the same 
size, have the same diversity of objects on their 
surface, or be accompanied with the same number 
of moons. 

It is not likely that our atmosphere is precisely 
in the same'state as at the first creation. Its in- 
vigorating powers had then an influence sufficient 
to prolong human existence to'a period of a thou- 
sand years; et since the change it underwent at 
the deluge, the period of human life has dwindled 
down to little more than ‘‘threescore years and 
ten.’ The present constitution of our atmosphere, 
therefore, ought not to be considered as a model 
by which to judge of the nature and properties of 
Their atmo- 
spheres may be so pure and transparent as to en- 
able their inhabitants to penetrate much farther 
into space than we can do, and to present to them 
the heavenly bodies with more brilliancy and lus- 
ter; and the properties with which they are en- 
dowed may be fitted to preserve their corporeal 
organs in undecaying vigor, and to raise their 
spirits to the highest pitch of ecstasy, similar to 
some of the effects produced on our frame by 
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inhaling that gaseous fluid called the nitrous 
oxide. ‘There is only one planet whose atmosphere 
appears to partake of the impurity and density of 
that of the earth, and that is the planet Mars; and 
several other circumstances tend to show that it 
bears too near a resemblance to our globe. In 
this respect, then, it gives indication of being a 
habitable world; but several of the other planets 
may be abodes of greater happiness and splen- 
dor, although no traces of such an appendage can 
be distinguished by our telescopes. And this very 
circumstance, that their atmospheres are invisible, 
should lead us’ to conclude that they are purer and 
more transparent than ours, and that the. moral 
and physical condition of their inhabitants is pro- 
bably superior to what is enjoyed upon earth. 

3. There is provision made for the distribution 
of light, and heat, and color among all the planets 
and their satellites. On every one of these bodies 
the sun diffuses a radiance, and, in order that no 
portion of their surfaces may be deprived of this 
influence, they appear all to have a motion round 
theiraxes. Light is an essential requisite to every 
world, and color is almost equally indispensable. 
Without color we should be unable to perceive 
the forms, proportions, and aspects of the objects 
which surround us; we could not distinguish one 
abject from another; all the beauties, varieties, 
and sublimities of nature would be annihilated, 
and we should remain destitute of the noblest en- 
tertainments of vision. It is color which enlivens 
every scene of nature, which adds a charm to 
every landscape, and gives an air of beauty and 
magnificence to the spacious yault of heaven. 
Now color exists in the solar rays, without which, 
or some similar radiance, every object is either in- 
visible or wears a uniform aspect. On whatever 
object these rays fall, color is produced; they have 
the same properties in every part of the system as 
on our globe, and, therefore, must produce colors 
of various hues on the objects connected with the 
remotest planets, according to the nature of the 
substances on which they fall. Light and color, 
then, being essential to eyery globe intended for 
the habitation of living beings, abundant provision 
has been made for diffusing their benign influence 
through every part of the planetary system. Heat 
is likewise an agent which appears necessary to 
every world, and it is, doubtless, distributed in 
due proportions throughout the system, according 
to the nature of the substances of which the plan- 
ets are composed, and the constitution of their 
inhabitants. But light, and color, and heat are 
agencies which can only have an ultimate respect 
to sensitive and intellectual beings; and, therefore, 
where no such beings exist or are intended to 
exist, no such provision would be made by a wise 
and intelligent agent. Such care as appears to 
have been taken for the communication of the 
agencies of light, heat, and color, would never 
have been exercised for the sake of rocks and 
deserts, and scenes of sterility and desolation. 
The existence of light, with all the enchanting 
effects it produces, necessarily supposes the exist- 
ence of eyes, in order to enjoy its beneficial influ- 
ence; and, therefore, organized beings, endowed 

‘ with visual organs, must exist in all those regions 
where contrivances have been adapted for its re- 
gular and universal diffusion; otherwise the uni- 
verse might have remained a. scene of eternal 
darkness. 

4, The principal primary planets are provided 
with secondary planets or moons, to afford them 
light in the absence of the sun, as well as to ac- 
complish other important purposes. The three 
largest planets of the aystem are accommodated 
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with no fewer than seventeen of those nocturnal 
luminaries, and probably with several more which 
lie beyond the reach of our telescopes. Our earth 
has one; and it is not improbable that both Mars 
and Venus are attended by at least one satellite. 
These attendants appear to increase in number in 
proportion to the distance of the primary planet 
from the sun. Jupiter has four such attendants; 
Saturn, seven; six have been discovered around 
Uranus; but the great difficulty of perceiving 
them, at the immense distance at which we are 
placed, leads to the almost certain conclusion that 
several more exist which have not yet heen de- 
tected. While these satellites revolve round their 
respective planets, and diffuse a mild radiance on 
their surfaces in the absence of the sun, they also 
serve the same purposes to one another; and their 
primaries, at the same time, serve the purpose of 
large resplendent moons to every one of their 
satellites, beside presenting a diversified and mag- 
nificent scene in their nocturnal sky. ~ No satellite 
has yet been discovered attending the planet Mer- 
cury, nor is it probable that any such body exists 
But we have already shown (pp. 114, 115) that 
Venus and the earth serve the purposes of satel- 
lites to this planet, Venus sometimes appearing 
six times as large, and the earth two or threc 
times as large as Venus does to us at the period 
of its greatest brilliancy; so that the nights of 
Mercury are cheered with a considerable degree 
of illumination. Here, then, we perceive an 
evident design in such arrangements, which can 
have no other ultimate object in view than the 
comfort and gratification of intelligent beings. 
For a retinue of moons, revolving around their 
primary planets at regular distances and in fixed 
periods of time, would serve no useful purpose in 
throwing a faint light on immense deserts, where 
no sensitive beings, furnished with visual organs, 
were placed to enjoy its benefits; nor, if this were 
the case, is it supposable that so much skill and 
accuracy would have been displayed in arranging 
their distances and their periodical revolutions, 
which is accomplished with all the accuracy and 
precision which are displayed in the other depart- 
ments of the system of nature. 

The small density of the larger and more re- 
mote planets, and the diminution of the weight of 
bodies on their surfaces on this account, and by . 
their rapid rotation on their axes, appear to be in- 
stances of design which have a respect to sentient 
beings. The density of Jupiter is little more 
than that of water, and that of Saturn about the 
density of cork. Were these planets as dense as 
the planet Mercury, or had they even the density 
of the earth, organized beings like man would be 
unable to traverse their surfaces. If the density 
of Jupiter, for example, were as great as that of 
the earth, the weight of bodies on its surface 
would be eleven times greater than with us; so 
that a man weighing 160 pounds on the earth 
would be pressed down on the surface of Jupiter 
with a force equal to one thousand seven hundred 
and sixty pounds. But the gravity of bodies on 
the surface of this planet is only about twice as 
great as on the surface of the earth; and this 
gravitating power is diminished by its rapid rotation 
on its axis. For the centrifugal foree which di- 
minishes the weight of bodies is sixty-six times 
greater on Jupiter than on the earth, and will re- 
lieve the inhabitants of one-eighth part of their 
weight, which they would otherwise feel if there 
were no rotation; so that a body weighing 128 
pounds if the planet stood still, would weigh only 
112 pounds at its present rate of rotation, which 
will afford a sensible relief and diminution of 
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weight (see p. 59, Art. Jupiter). The same may) 


be said, with some slight modifications, in relation, 
to Saturn. There must, therefore, have been a 
design, or a wise and prospective contrivance in 
such arrangements, to suit the exigencies and to 
promote the comfort of organized intelligences; 
otherwise, had Jupiter and Saturn been as much 
denser than the earth as they are lighter, every 
body would have been riveted to their surfaces» 
with a force which beings like man could never 
have overcome; and moving beings with such or- 
ganical parts as those of men would have had to 
drag along with them a weight of eight or ten 
thousand pounds. 


In the preceding statements I have endeavored 
to show that there is a general similarity among 
all the bodies of the planetary system, and that 
there are special arrangements which indicate their 
adaptation to the enjoyment of sensitive and intel- 
lectual beings. Let us now consider more parti- 
cularly the force of the argument derived from 
such considerations : 

That the Divine Being has an end in view in 
all his arrangements, and that this end is in com- 
plete correspondence with his infinite wisdom and 
goodness, and the other perfections of his nature, 
is a position which every rational Theist will rea- 
dily admit. ‘That some of the prominent designs 
or general ends which the Deity intended to ac- 
complish may be traced in various departments of 
his works, is likewise a position which few or 
none will deny. That design may be inferred 
from its effects, is a principle which mankind 
generally recognize in their investigations of the 
operations both of nature and of art, That man 
would justly be accused of insanity who, after 
inspecting the machinery of a well-constructed 
clock, and perceiving that it answered the pur- 
pose of pointing out the divisions of time by 
hours, minutes, and seconds with the utmost ac- 
curacy, should deny that its various parts were 
formed and arranged for the very purpose which 
the machine so exactly fulfills; at least, that the 
pointing out of the hours and minutes was one 
of the main and leading objects which the artist 
had in view in its construction. Itis a law of our 
nature which we cannot resist, that from the ef- 
fect the design may be inferred; and that, wher- 
ever art or contrivance appears exactly adapted to 
accomplish a certain end, that end was intended to 
be accomplished. We cannot doubt fora moment 
of the final causes of a variety of objects and con- 
trivances which present themselves to view in the 
world we inhabit. We cannot err in concluding, 
for example, that the ears, legs, and wings of ani- 
mals were made for the purpose of hearing, walk- 
ing, and flying. On the same principle we are 
Jed to conclude, that as animals are formed with 
mouths, teeth, and stomachs to masticate and di- 
gest their food, so vegetables and other organized 
bodies were formed for the purpose of affording 
that nourishment which the animal requires. No 
one will take upon him to deny that the eye was 
intended for the purpose of vision. The coats 
and humors of which it is composed, and the mus- 
cles which move it in every direction, in their 
size, shape, connection, and positions, are so ad- 
mirably adapted to this end, and the transparency 
of the cornea, and the humors, the opacity of the 
uved, and the semi-opacity and concavity of the 
retina, are so necessary to transmit and refract the 





rays of light in order to distinct vision, that it 
appears as evident it was designed for this pur- 
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pose, as tha telescopes were constructed to disco- 
ver the colors, shapes, and motions of distant ob- 
jects. And as the eye was constructed of a num- 
ber of nice and delicate parts for the purpose of 
vision, so light was formed for the purpose of 
acting upon it and producing the intended effect, 
without the agency of which vision could not be 
produced. The one is exactly adapted to the other: 
for no other substance but light can affect tha 
eye so as to produce vision, and no other organ 
of sensation is susceptible of the impressions of 
light, so as to convey a perception of any visible, 
object. In all such cases, the adaptation of one 
contrivance to another, and the intention of the 
Contriver, are quite apparent. ; 
It is true, indeed, that we cannot pretend to ex-. 
plore all the ends or designs which God may have 
had in view in the formation of any one object or 
department of the universe. For an eternal and 
omniscient Being, whose wisdom is unsearchable,. 
and whose eye penetrates through all the regions 
of immensity, may have subordinate designs to 
accomplish, which surpass the limited faculties of 
man, or even of angels, to comprehend. But to 
investigate and to perceive some of the main and 
leading ends which were designed in the arrange- 
ment of certain parts of the universe, is so far 
from being presumptuous and unattainable, that it 
would be blindness and folly in a rational creature 
not to discover them; particularly in sueh in- 
stances as those to which we have now alluded. 
For it appears to be the intention of the Deity, in 
displaying his works to intelligent minds, that 
these works shall exhibit a manifestation of his 
attributes, and particularly of his wisdom, good- 
ness, and intelligence; and he has endowed them 
with faculties adequate to enable them to perceive 
some traces of his footsteps and of the plan of his 
operations. But while he permits us to perceive 
some of the grand lineaments of his designs, there 
may be numberless minute and subordinate ends 
which lie beyond the sphere of our investigations. 
Were a peasant brought into the observatory of 
an astronomer, and shown an instrument calcula: 
ted to point out the sun’s place, in the ecliptic, its 
declination and right ascension, the day of the 
mouth, &c., and particularly the hour of the day, 
it would be presumptuous in such a person to 
pretend to ascertain all the intentions of the ar- 
tist, or all the uses for which such a machine was 
constructed; but when he beheld the ordinary 
marks of a sun-dial, and the shadow of the gno- 
mon accurately pointing to the hour, he could not 
fail at once to perceive that this was one principal 
end which the contriver had in view. In like 
manner, while we evidently perceive that one 
principal design of the creation of the sun was 
to enlighten the earth and other bodies which 
move around it, it also serves several subordinate 
purposes. It directs the course of winds, pro- 
motes evaporation and the growth of vegetables; 
it retains the planets in their orbits; it kindles 
combustible substances by means of convex 
glasses and concave mirrors; it enables us to 
measure time by means of dials; it directs the 
geographer to determine the elevation of the 
pole and the latitude of places; it guides the navi- 
gator in his course through the ocean, and even 
its eclipses serve many useful purposes, both in 
chronology and astronomy; and it may serve simi- 
lar or very different purposes with which we are 
unacquainted, among the inhabitants of other 
worlds. All these purposes, and many more of 
which we are ignorant, may have entered into the 
designs of the almighty Creator, although, in the 
first instance, we might have been unable to discover 
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or appreciate them. As “the sonlles the Lord 


are great,’ so they must “be sought out,”’ or dili- 
gently investigated, in order that we may clearly. 


perceive the manifold designs of infinite wisdom. 
_ Let us now apply these principles to the sub- 
ject more immediately before us. We have seen 
that, in the distant bodies of our system, there are 
special contrivances and arrangements, all calcu- 
lated to promote the enjoyment of myriads of in- 
telligent agents. We have presented before us a 
most august and astonishing assemblage of means} 
and if the Contriver of the universe is possessed 
of wisdom, there must be an end proportionate to 
the utility and grandeur ‘of the means provided. 
Arrangements nearly similar, but much inferior 
in point of extent and magnificence, have been 
made in relation to the globe on which we live. 
We know the final cause, or, at least, one of the 
principal designs for which it was created, namely, 
to support sensitive and intellectual beings; and to 
contribute to their enjoyment. 
ator acts on the same principle—in other words, 


if he displays the same intelligence—in other =re-' 
gions of the universe as he does in our world, ‘we’ 


must admit that the planetary globes are furnished 
with rational inhabitants. There is one essential 
attribute which enters into all our conceptions of 
the Divine Being, namely, that he is possessed of 
infinite wisdom. This perfection of his nature is 
displayed in all the general arrangements he has 
made in this lower world, where we find one part 
nicely adapted to another, and everything so 
balanced and arranged as to promote the comfort 
of sentient beings. In consequence of His being 
possessed of this perfection, He must be considered, 
in all His operations throughout the immensity 
of space, as proportionating the means to the end, 


and selecting the best means possible for the ac- 


complishment of any design; for in such contri- 
vances and operations true wisdom consists. 


But now let us suppose for a moment that the, 


vast regions on the surfaces of the planets are 
only immense and frightful: deserts, devoid of in- 
habitants; wherein does the: wisdom of the Creator 
appear on this supposition? For. what purpose 
serves the grand apparatus: of rings and moons 


for adorning their sky and reflecting light on their, 


hemispheres? Why are they made to perform 
annual and diurnal revolutions, and not fixed in 
the same points of infinite*space? Why are the 
larger and remoter planets’ furnished with more 
moons than those which-are nearer the source of 
light? Why are their firmaments diversified with 
so many splendid and magnificent objects? Why 
is their surface arranged into mountains and vales? 
Why has so much contrivance been displayed in 
devising means for the iHumination of every por- 
tion of their surfaces, and diffusing over them a 
variety of colors? The answers to such questions 
would, then, be, to illuminate an immense number 
of dreary wastes, and to produce days and nights, 
and a variety of seasons, for the sole benefit of in- 
terminable deserts, or, at most, of mountains of 
marble or rocks of diamonds; to afford them light 
enough to see to keep their orbits, lest they might 
miss their way in the pathless spaces through which 
they move! Is such an apparatus requisite for 
such a purpose? Would this be an end worthy of 
INFINITE wWisbom? Would it at all correspond with 
the dignity and grandeur of the means employed? 
Would it comport with the boundless intelligence 
of Him “ who formed the earth by his wisdom, 
and stretched out the heavens by His understand- 
ing?” To maintain such u position would be to 
distort the Divine character, and to undermine all 
the conceptions we ought to form of the Deity, 
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as wise, amiable, and ‘adorable, and as “great in 
counsel.and mighty in operation.” If we beheld 
an artist.exerting his whole energies, and spend- 
ing his whole life in constructing alarge complex 
machine which produced merely a successive re- 
volution: of wheels and pinions, without any use- 
ful end whatever in view, however much we might 
extol the ingenuity displayed in some parts of the 
machine, we could not help viewing him as a fool 
or a maniac in bestowing so much labor and ex- 
pense to no purpose. For it is the end or design 
intended which leads us to infer the wisdom of the 
artist in the means employed. And shall we con- 
sider the ALL-WISE AND ADORABLE CREATOR OF THE 
UNIVERSE as acting in a similar manner? The 
thought would be impious, blasphemous, and ab- 
surd. It is only when we recognize the Almighty 
as displaying infinite wisdom in all his arrange- 
ments throughout creation, and boundless benefi- 
cence in diffusing happiness among countless ranks 
of intelligent existence, that we perceive him to 
be worthy of our admiration and gratitude, and 
of our highest praises and adorations. We are, 
therefore, irresistibly led to the conclusion, that 
the planets. are the abodes of intelligent beings, 
since every requisite arrangement has been made 
for their enjoyment. This isa conclusion which 
is not merely probable, but absolutely certain; for 
the opposite opinion would rob the Deity of the 
most distinguishing attribute of his nature, by 
virtually denying him the perfection of infinite 
wisdom and intelligence. 


SECTION IV. 

Arcument IV. The scenery of the heavens as 
viewed from the surfaces of the larger planets 
and their satellites, forms a presumptive proof that 
both the planets and their moons are inhabited by 
intellectual beings. 

In the preceding chapter I have described at 
some length the celestial pbenomena of the pla- 
nets, both primary and secondary. From these 
descriptions it appears that the most glorious and 
magnificent scenes are displayed in the firmament 
of the remoter planets, and particularly in those 
of their satellites. Even the firmament of the 
moon is more striking and sublime than ours. 
But in the firmaments of some of the satellites 
of Jupiter and Saturn there are celestial scenes 
peculiarly grand and splendid, surpassing every 
thing which the imagination can well represent, 
and these scenes diversified almost every hour. 
What should we think of a globe appearing in 
our nocturnal sky 1300 times larger than the ap- 
parent size of the moon, and every hour assuming 
a different aspect? of five or six bodies twenty or 
thirty timesdarger than our moon appears, all in 
rapid motion, and continually changing their pha- 
ses and their apparent magnitudes?) What should 
we think of a globe filling the twentieth part of 
the sky, and surrounded with immense rings, in 
rapid motion, diffusing a radiance over the whole 
heavens? When Jupiter rises to his satellites, 
and especially when Saturn and his rings rise to 
his nearest moons, a whole quarter of the heavens 
will appear in one blaze of light. Atother times, 
when the sun is eclipsed, or when the dark sides 
of these globes are turned to the spectator, the 
starry firmament will open a new scene of won- 
ders, and planets andcomets be occasionally beheld 
in their courses through the distant regions of 
space. 

The sublime and magnificent scenes displayed 
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to view; the incessant changes in their phases 
and aspects; the rapidity of their apparent mo- 
tions; and the difficulty of determining the real 
motions and relative positions of the bodies in the 
firmament, and the true system of the world, lead 
us to the conclusion that the globes to which we 
allude are replenished, not merely with sensitive, 
but with intellectual beings. 
and interesting scenes cannot affect inanimate 
matter, nor even mere sentient beings such as 
exist im our world; and we cannot suppose that 
the Creator would form such magnificent arrange- 


ments to be beheld and studied by no rational be- | 


ings capable of appreciating their grandeur and 
feeling delight in their contemplation. If crea- 
tion was intended as a display of the perfections 
and grandeur of the Divine Being, there must ex- 
ist intelligent. minds to whom such a display is 
exhibitea; otherwise the material universe cannot 
answer this end, and might, so far assucha design 
is concerned, have remained forever shut up in 
the recesses of the Eternal Mind. Such scenes 
could not have been intended merely for the in- 
struction or gratification of the inhabitants of 
the earth. For no one of its population has 
yet beheld them from that point of view in 
which their grandeur 1s displayed, and not one 
out of a hundred thousand yet knows that 
such objects exist. We are, therefore, irresist- 
ibly led to the conclusion that intelligent minds 
exist in the regions of Jupiter, Saturn, and Ura- 
nus, for whose pleasure and gratification these 
sublime scenes were created and arranged. Those 
minds, too, in all probability, are endowed with 
faculties superior in intellectual energy and acu- 
men to those of the inhabitants of our globe. For 
the rapidity and complexity of the motions pre- 
sented in the firmament of some of the satellites 
of Jupiter and Saturn, the variety of objects ex- 
hibited to view, and the frequent and rapid chan- 
ges of their phases and apparent magnitudes, are 
such as to require the exertion of intellectual fac- 
ulties more powerful and energetic than ours in 
order to determine the real motions and positions 
of the globes around them, and to ascertain the 
order of the planetary system of which they form 
apart. And it is likewise probable that their or- 
gans of vision are more acute and penetrating 
than those of men; otherwise they will never be 
able to discover either the earth, Mars, Mercury, 
or Venus, and, consequently, may suppose that 
such bodies have no existence. 


——_——— 


SECTION V. 


Argument V. The doctrine of a plurality. of 
worlds may be argued from the consideration that, 
in the world we inhabit, every part of nature is 
destined to the support of animated beings. 

_ There is, doubtless, a certain degree of pleasure 
in contemplating the material world, and survey- 
ing the various forms into which matter has been 
wrought and arranged, particularly in the admi- 
rable structure and movements ‘of systems of 
bodies such as those which compose the planetary 
system. But there is something still more inter- 
esting and wonderful presented to the mind when 
we contemplate the worlds of life. The material 
world is only, as it were, the shell of the universe, 
the mere substratum of thought and sensation; 
living beings are its inhabitants, for whose sake 
alone matter is valuable, and for whose enjoy- 
ment it appears to have been created. In the or- 
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animated existences, in the various 


tion of one part or organ to another, in their dif- 
ferent functions, and the multifarious movements 
of which they. are susceptible, without taking 
into consideration the soul that animates them, 
there is a display of the most admirable mechan- 
ism and the nicest contrivance, which is not to be 
found in earth or stones, in rocks of diamonds, or 
even in the figure of a planet and its motion 
round the sun. 

Hence we find that the world in which we livo 
teems with animated existence. Man is the prin- 
cipal inhabitant, for whose use and accommoda- 
tion, chiefly, the terraqueous globe was formed 
and arranged. Had not the Creator intended to 
place upon its surface beings endowed with ra- 
tional faculties, capable of enjoying happiness ‘and 
recognizing the perfections of its author, it is 
not probable that, it would have been created.— 
‘*God made man in his own image,’”’? “and gave 
him dominion over the fish of the sea, over the 
fowls.of the air, and overevery living thing that mo- 
veth upon the earth.”” After the light was formed, 
the bed of the ocean prepared, and the waters se- 
parated from the dry land; after luminaries were 
placed in the firmament, and plants and animals 
of ail kinds brought into existence, the world ap- 
peared so magnificently adorned that it might 
have been thought perfect and complete. But all 
nature was yet destitute of sentiment and grati- 
tude; there were no beings capable of recognizing 
the Power that formed them, or of praising the 
Author of their varied enjoyments. The world 
was’ still in a state of imperfection, until an intel- 
ligence was formed capable of appreciating the 
perfections of the Creator, of contemplating his 


| works, and of offering to him a tribute of grateful 


adoration. .Therefore “God created man in his 
own image,’ as the masterpiece of creation, the 
visible representative of his Maker, and the sub- 
ordinate ruler of this lower world. 

But although this globe was created chiefly for 
the residence of man,.it was not destined solely for 
his enjoyment. It is impossible for him to occupy 
the whole of its surface, or of the appendages with 
which it is connected. There are extensive 
marshes, impenetrable forests, deep caverns, and 
the more elevated parts of lofty mountains, where 
human feet have never trod. There is a vast body 
of water which covers more than two-thirds of 
the surface of the globe, and the greater part of 
the atmosphere which surrounds the earth, which 
men cannot occupy as permanent abodes. Yet 
these regions of our world are not left destitute 
of inhabitants. Numerous tribes of animals range 
through the uncultivated deserts, and find ample 
accommodation suited to their nature, in rocks 
and mountains, in dens and eaves of the earth.— 
The regions of the air are filled with winged crea- 
tures of every kind, from the ostrich and the 
eagle to the numerous tribes of flying insects al- 
most invisible to the unassisted eye. The ocean 
teems with myriads of inhabitants which no man 
can number, of every form and size, from the 
mighty whale to the numerous tribes of Meduse, 
of which several thousands of billions are con- 
tained in a cubical mile of water. Every sea, 
lake, and river is peopled with inhabitants; every 
mountain and marsh, every wilderness and wood, 
is plentifully stocked with birds and beasts, and 
numerous species of insects, all of which find 
ample accommodation, and everything necessary 
for their comfort and subsistence. In short, every 
part of matter appears to be peopled; almost every 
green leaf and every particle of dust has its peculiar 
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inhabitants. Not only are the larger parts 
of nature occupied with living beings, but even 


the most minute portions of matter teem with 


animated existence. Every plant and shrub, and 
almost every drop of water, contains its respective 
inhabitants. Their number, in some instances, is 
so great, and their minuteness so astonishing, that 
thousands of them are connected within a space 
not larger than a grain of sand. In some small 
pools covered with a greenish scum, of only a few 
yards in extent, there are more living creatures 
than there are human beings onthe surface of the 
whole earth. 

Multitudes of animated beings are found in 
situations and circumstances where we should 
never have expected to perceive the principle of 
life. The juices of animals and plants, corrupted 
matter, excrements, smoke, dry wood, the bark 
and roots of trees, the bodies of other animals, 
and even their entrails, the dung-hill, and the dir- 
ty puddle, the itch, and other disorders which are 
attended with blotches and pimples, and even the 
hardest stones and rocks, serve to lodge, and in 
some measure to feed numerous tribes of living 
beings. The number of such créatures exceeds 
all human calculation and conception. There 
may be reckoned far more than a hundred thou- 
sand species of animated beings, many of these 
species containing individuals to the amount of 
several hundreds of times the number of the hu- 
man inhabitants of our globe. It is supposed by 
some that the tremulous motion observed in the 
air during summer may be produced by millions 
of insects swarming in the atmosphere; and it has 
been found that the light which is seen on the 
surface of the ocean during the nights of summer 
is owing to an innumerable multitude of small 
luminous worms or insects sporting in the waters. 
All the numberless species of animals which ex- 
ist on the different departments of our globe are 
likewise infinitely ‘diversified in their forms, or- 
gams, senses, members, faculties, movements, and 
gradations of excellence. As Mr. Addison has 
observed, “the whole chasm of nature, from a 
plant to a man, is filled up with divers kinds of 
creatures rising one above another by such a gentle 
and easy ascent, that the little transitions and de- 
viations from one species to another are almost in- 
sensible. This intermediate space is so well hus- 
banded and managed, that there is scarce a degree 
of perception which does not appear in some one 
part of the world of life.’? Here we have an evi- 
dence both of the infinite wisdom and intelli- 
gence of the Divine Being, and of his boundless 
goodness in conferring existence and happiness on 
such a countless multitude of percipient beings. 

Since, then, it appears that every portion of 
matter in our world was intended for the support 
and accommodation of animated beings, it would 
be absurd in the highest degree, and inconsistent 
with the character of the Deity and his general 
plan of operation, to suppose that the vast regions 
of the planets, so exceedingly more expansive 
than our globe, are left destitute of inhabitants— 
Shall one small planet be thus crowded with a 
population of percipient beings of all descriptions, 
and shall regions four hundred times more expan- 
sive be left without one living inhabitant? Can 
the Deity delight to communicate enjoyment in 
so many thousands of varied forms to unnumber- 
ed myriads of sensitive existences in our terres- 
trial sphere, and leave the noblest planets of the 
system without a single trace of his benevolence? 


Can we suppose, fora moment, that while his: 


wisdom shines so conspicuous in the mechanism 
of the various tribes of animals around us, no 
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‘similar marks of intelligence are to be found in 
other regions of the universe? Such conclusions 
can never be admitted, unless we suppose that 
infinite wisdom and goodness have been exhausted 
in the arrangements which have been made in re- 
lation to our world, or that the Great Source of 
felicity is indifferent about the communication of 
happiness. 

As far as our observation extends, it appears 
that the material world is useless, except in the 
relation it bears to animated and intellectual be- 
ings. Matter was evidently framed for the pur- 
pose of mind; and if we could suppose that the 
vast masses of matter in the heavens had no rela- 
tion to mind, they must, then, have been created in 
vain; asupposition which would derogate from the 
moral character and the perfections of Him who 
is “the only wise God.”? A superior nature can- 
hot be supposed to be formed for the sake of an 
inferior. A skillful artist would never think of 
designing that which is of the greatest dignity, 
or which requires the utmost precision and the 
nicest mechanism, for the sake of the inferior 
part of his workmanship. He does not construct 
the wheels and pinions of an orrery for the sake 
of the handle by which they are moved, or of the 
pedestal on which the instrument stands; nor does 
he contrive a timepiece merely for the sake of 
the shell or case in which it is to be inclosed. In 
like manner, we cannot imagine that man was 
made for the sake of the brutes, or the inferior 
animals for the sake of vegetables, or the yearly 
production of vegetables for the relief and com- 
fort of the soil on which they grow. This would 
be to invert the order of the universe, and to in- 
volve us in the most palpable absurdity. The 
order of things always rises upward, by gentle 
and regular degrees, from inanimate matter, 
through all the gradations of vegetable, animal, 
and immaterial existence, until we arrive at the 
Eternal and Incomprehensible Divinity. Hence 
it appears that the earth must have been formed, 
not for itself, but for the sake of the vegetable, 
sensitive, and intellectual beings it supports; and, 
by a parity of reasoning, the planets, most of 
which are much more spacious and more magni- 
ficently adorned, must have been formed and ar- 
ranged for the sake of superior natures. 

« Existence,” as a certain writer has observed, 
“is a blessing to those beings only which are in- 
dued with perception, and is, in a manner, thrown 
away upon dead matter, any further than as it is 
subservient to beings which are conscious of their 
existence.’? Accordingly we find, from the bodies 
which lie under our observation, that matter is 
only made as the basis and support of living be- 
ings, and that there is little more of the one than 
what is necessary for the existence and the ample 
accommodation of the other. The earth, as to 
amplitude of space, would contain a hundred 
times the number of animated beings it actually 
supports; and the ocean might perhaps contain 
thousands more than what are found amid its 
recesses; but, in such a case, they would not 
have free scope for their movements, nor experience 
all the comforts and, accommodations they now 
enjoy. 

From what has been stated, it appears that the 
Divine Goodness is of so communicative a nature 
that it seems to delight in conferring existence and 
happiness on every, order of perceptive beings, 
and therefore, has left no part connected with the 
world in which we live without its inhabitants; 
and that no creature capable of feeling the plea- 
sure of existence might be omitted in the plan of 
benevolence, there is an almost infinite diversity 
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in the rank and order of percipient. existence.— 
The scale of sensitive being begins with those 
creatures which are raised just above dead matter. 
Commencing at the polypus and certain species 
of shell-fish, it ascends by numerous gradations 
until it arrives at man. How far it may ascend 
beyond this point is beyond the limits of our 
knowledge to determine. Had only one species 
of animals been created, none of the rest» would 
have enjoyed the pleasures of existence. But it 
the existing state of things, all nature is full of 
enjoyment, and that enjoyment endlessly diversi- 
fied, according to the rank and the percipient pow- 
ers of the different species of animated existence. 
It would, therefore, be a reflection on the goodness 
as well as on the wisdom of the Divine Being, 
were we to suppose that no traces of Divine bene- 
ficence were to be found amid the expansive re- 
gions of the planetary globes. It would form a 
perfect contrast to the operations of Infinite Be- 
nevolence, as displayed in our terrestrial system, 
and would almost lead us to conclude that the 
same Almighty Agent did not preside in both 
these departments of the universe. But we may 
rest assured that the Deity always acts in harmony 
with his character throughout every part of his 
dominions; and, therefore, we may confidently 
conclude that countless multitudes of sensitive 
and intellectual beings, far raore numerous and 
diversified than cn earth, people the planetary 
regions. 

From what has been stated ow this subject, we 
may likewise conclude with certainty that the 
planetary worldsare not peopied merely with ani- 
mal existences, but also with rational and intellect- 
ual natures. or the scenes displayed in most of 
the planets cannot be appreciated by mere sensi- 
tive beings, nor are they calculated to affurd them 
any gratification. Beside, if it be one great de- 
sign of the Creator to manifest the glory of his 
perfections to other beings, none but those who 
are furnished with rational faculties are capable 
of recognizing his attributes as displayed in his 
works, and of offering to him a tribute of thanks- 
giving and adoration. Such intelligences, we 
have every reason to believe, may far surpass the 
human race in their intellectual powers and ca- 
pacities. There is an infinite gap between man 
and the Deity, and we have no reason to believe 
that it is entirely unoccupied. There isa regular 
gradation from inanimate matter and vegetative 
life through all the varieties of animal existence 
until we arrive at man. But we have no reason 
to believe that the ascending scale terminates at 
the point of the human faculties, unless we sup- 
pose that the soul of man is the most perfect in- 
telligence next to the Divinity. If the scale of 
being rises by such a regular process to man, by 
a parity of reasoning we may suppose that it still 
proceeds gradually through those beings that are 
endowed with superior faculties; since there is an 
immensely greater space between man and the 
Deity than between manand the lowest order of 
sensitive existence. And although we were to 
conceive the scale of intellectual existence above 
man rising thousands of times higher than that 
which intervenes between inanimate matter and 
the human soul, still there would be an infinite 
distance between the highest created intelligence 
and the Eternal Mind which could never be over- 
ed {t is quite accordant with all that we 

now of the perfections and operations of the 
Deity to conclude that such a progression of in- 


| may be indefinitely extended far beyond the limits 





tellectual beings exists throughout the universe; 
and, therefore, we have reason to believe that in 
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some of the planets of our system there are intel- 
lectual natures far superior, in point of mental 
vigor and capacity, to the brightest geniuses that 
have ever appeared upon earth; and in other sys- 
tems of creation the scale of spiritual progression 


to which human imagination can penetrate. In 
the contemplation of such scenes of percipient 
and intelligent existence, we perceive no bounda- 
ries to the prospect; the mind is overwhelmed 
amid the immensity of being, and feels itself una- 
ble to grasp the plans of Eternal Wisdom, and the 
innumerable gradations of intélligence over which 
the moral government of the Deity extends; and, 
therefore,, we may justly conclude wonders of 
power, wisdom, and benevolence still remain for 
the admiration of intellectual beings, which the 
scénes of eternity alone can disclose. 

Intellectual beings may likewise be distinguish- 
ed into those which are linked to mortal, and those 
which are connected with immortal bodies. In the 
present state of our terrestrial system immortal bo- 
dies cannot exist. Had immortality been intended 
for man on earth, Infinite Wisdom would have 
adopted another plan; for the constitution of the 
earth, the atmosphere, and the waters, is not 
adapted to the support and preservation of immor- 
tal beings; that is, of those intelligences which 
inhabit a system of corporeal organization. From 
the reciprocal action of solids and fluids, of earth, 
air, and water, life results; and this very action 
continued, according to the laws which now ope- 
rate, is the natural cause of death, or the dissolu- 
tion of the corporeal system. But in other worlds 
a system of means may be adapted for preserving 
in perpetual activity, and to an indefinite dura- 
tion, the functions of the corporeal machine which 
is animated by the intellectual principle; as would - 
probably have happened in the case of man, had 
he retained his original moral purity and his alle- 
giance to his Maker. Intelligent beings may 
likewise exist which are destined to pass from one 
state of corporeal organization to another, in a 
loug series of changes, advancing from one degree 
of corporeal perfection to another, until their or- 
ganical vehicles beeome as pure and refined as 
light, and susceptible of the same degree of rapid 
motion. The butterfly is first an egg, then a 
worm, afterward it becomes a chrysalis, and it is 
not before it has burst its confinement, that it 
Wings its flight, in gaudy colors, through the air. 
Man is destined to burst his mortal coil, to enter 
a new vehicle, and at last to receive a body “in- 
corruptible, powerful, glorious, and immortal.??— 
Varieties analogous to these may exist throughout 
other regions of the universe. If there are notin 
nature two leaves precisely alike, or two trees, 
two cabbages, two caterpillars, or two men and 
women exactly similar in every point of view in 
which they may be contemplated, how can we 
suppose that there can be two planets or two sys- 
tems of planets exactly.alike, or that the corpo- 
real organs and faculties of their inhabitants in 
every respect resemble each other? Every globe 
and every system of worlds has doubtless its pe- 
culiar economy, laws, productions, and inhabit- 
ants. ‘This conclusion is warranted from all that 
we know of the operations of the Creator; it ex- 
hibits, in a striking point of view, the depths of 
his wisdom and intelligence, and it opens, to im- 
mortal beings a prospect boundless as immensity, 
in the contemplation of which their faculties may 
be forever exercised, and their views of the won- 
ders of Creating Power and wisdom continually 
extending, while myriads of ages roll away. 


_ APPENDIX. 


‘In the preceding pages I have endeavored to 
illustrate the doctrine of a, plurality of worlds, 
from the considerations that there are bodies in 


the planetary system of such magnitudes as to af- 


ford ample scope for myriads of inhabitants; that 
there is a general similarity among all the bodies 
of the system, which affords a presumptive evi- 
dence that they are intended to subserve the same 
ultimate designs; that, connected with the planets, 
there are special arrangements which indicate their 
adaptation to the enjoyment of sensitive and in- 
tellectual beings; that the scenery of the heavens, 
as viewed from the surfaces of the larger planets 
and their satellites, forms a presumptive proof of 
the same position; and that the fact that every 
part of nature in our world is destined to the sup- 
port of animated beings, affords a powerful argu- 
ment in support of this doctrine. These argu- 
ments, when viewed in all their bearings, and in 
connection with the wisdom and benevolence of 
the Divine Being, may be considered as amount- 
ing to moral demonstrations that the planets and 
their satellites, as well as other departments of the 
universe, are the abodes of sensitive and intelli- 
gent natures. These, however, are not all the con- 
siderations or arguments which might be brought 
forward in proof of this position. Many others, 
founded on a consideration of the nature and re- 
lations of things, and the attributes of the Divinity, 
and particularly some powerful arguments derived 
from the records of Revelation, might have been 
stated and particularly illustrated. But I shall 
leave the further consideration of this topic to an- 
other volume, in which we shall take a survey of 
the scenery of the starry firmament, and of other 
objects connected with the science of the heavens. 

On the whole, the doctrine of a plurality of 
worlds is a subject of considerable importance, 
and in which every rational being, who is con- 
vinced of his immortal destination, is deeply in- 
terested. It opens to our view a boundless pros- 
pect of knowledge and felicity beyond the limits 
of the present world, and displays the ineffable 
grandeur of the Divinity, the magnificence of his 
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empire, and the harmonious operation of his infi- 
nite perfections. Without taking this doctrine 
into account, we can form no consistent views of 
the character of Omnipotence and of the arrange- 
ments which exist in the universe. Both his wis- 
dom and his goodness might be called in question, 
and an idea of the Supreme Ruler presented .al- 
together different from what is exhibited by the 
inspired writers in the records of Revelation — 
When, therefore, we lift our eyes to the heavens, 
and contemplate the mighty globes which roll 
around us; when we consider that their motions 
are governed by the same common laws, and that 
they are so constructed.as to furnish accommoda- 
tion for myriads of perceptive existence, we ought 
always to view them as the abodes of intelligence 
and the theaters of Divine Wisdom on which 
the Creator displays his boundless beneficence; 
for “his tender mercies,”’ or the emanations of his 
goodness, “ are diffused over all his works.” Such 
views alone can solve a thousand doubts which 
may arise in our minds, and free us from a thou- 
sand absurdities which we must otherwise enter- 
tain respecting the Great Sovereign of the uni- 
verse. Without adopting such views, the science 
of the heavens becomes a comparatively barren 
and uninteresting study, and the splendor of the 
nocturnal sky conveys no ideas of true sublimity 
and grandeur, nor is it calculated to inspire the 
soul with sentiments of love and adoration. In 
short, there appears to be no medium between re- 
maining in ignorance of all the wonders of Power 
and Wisdom which appear in the heavens, and 
acquiescing in the general views we have attempt- 
ed to illustrate respecting the economy of the 
planets, and their destination as the abodes of rea- 
sou and intelligence. But, when such views are 
recognized, the bodies in the heavens become the 
noblest objects of human contemplation, the Dei- 
ty appears invested with a character truly amiable 
and sublime, and a prospect is opened to immortal 
beings of a perpetual increase of knowledge and 
felicity, throughout all the revolutions of an in- 
terminable existence. 


Ade dial Wicd) took 


PHENOMENA OF THE PLANETS FOR THE YEARS 1838, 1839. 


For the sake of those readers who may feel a 
desire occasionally to contemplate the heavens and 
to trace the motions of the planetary orbs, the fol- 
lowing sketches are given of the positions and mo- 
tions of the planets for two years posterior to 1837. 





POSITIONS, ETC., OF THE PLANETS FOR 1838. 


1. The Planet Mercury. 
This planet can be seen distinctly by the naked 


eye only about the time of its greatest elongation; | 


and to those who reside in northern latitudes it 
will scarcely be visible, even at such periods, if it 
be near the utmost point of its southern declina- 
tion. 

The following are the periods of its greatest 
elongation for 1838: January the 3d it is at its 





eustern elongation, when it is 1944 degrees cast 
from the sun, and will be seen in the evening about 
thirty or forty minutes after sunset , near the south- 
west, at a little distance from the point where the 
sun went down. But.as it is then in 20° 41’ of 
south declination, its position is not the most favor- 
able for observation. Its next greatest elongation 
is on February 12, when it is 26° 10’ to the west 
of the sun, and will be seen in the morning, be- 
fore sunrise, near the south-eastern quarter of the 
horizon. April 25 it will again be seen in the 
evening at the eastern elongation, 20° 20’ east of 
the sun, when it is in 21° 43’ of north declination. 
Tt will be seen at this time about 15 degrees north 
of the western point of the horizon, almost imme- 
diately above the place where the sun went down. 
During five days before and after the time now 
specified there will be favorable opportunities for 
detecting Mercury with the naked eye or with a 
small opera-glass. On June 12 is its greatest 


138 


western elongation i y 
of the sun, ena is to be looked for in the morning, 


before sunrise, near the north-eastern part of the 
horizon; but the strong twilight at this season will 
probably prevent it from being distinguished by 
the naked eye. Its next greatest eastern elongation 
is on August 23, when it is 2744 degrees from the 
sun. It will be seen, for nearly an hour after sun- 
set, a little to the south of the western point of 
the compass, and a few degrees above the horizon. 
It may be seen during ten or twelve days before 
the period here stated, and six or eight days after 
it. This will form one of the most favorable pe- 
riods which occur throughout this year for ob- 
serving Mercury. October 4 it will again be at 
its greatest western elongation, when it will be 
seen in the morning in a direction nearly due east. 
December 17 it is at its greatest eastern elonga- 
tion, but its southern declination being then more 
than 24 degrees, it will set in the 5. W. by S. 
point of the compass a few minutes after the sun, 
and will consequently be invisible to the naked 
eye. 

"The periods most favorable for detecting this 
planet in the evenings are April 25 and August 23; 
and in the mornings, February 12 and October 4. 
During the interval of a week or ten days, both 


before and after the time of greatest elongation, the |, 


planet may generally be seen in a clear sky, when 
in such favorable positions as those now stated. 


2. The Planet Venus. 


This planet will appear as an evening star du- 
ring the months of January and February. About 
the beginning of January it will be seen near the 
south-west quarter of the heavens a few minutes 
after sunset. About the beginning of February it 
will set nearly due west. It will be visible in the 
evening until about the 25th of February, after 
which its nearness to the sun will prevent it from 
being distinguished. Throughout the whole of 
its course during these two months it will appear 
of the figure of a crescent when viewed with a 
telescope, and the crescent will appear most slen- 


der about the end of February (see Fig. 12, p. 31). | 


On March 5 it passes its inferior conjunction with 
the sun, after which it will be no longer seen in 


the evenings for the space of ten months. It then | 


becomes a morning star; and, about eight days 
after its conjunction, will be seen in the morning, 
before sunrise, a little to the south of the eastern 
point of the horizon,‘ From this period until 
near the middle of May it will appear of a ecres- 
cent form. Its greatest brilliancy will be on April 
10; its greatest elongation from the sun on May 
14, when it will appear of nearly the form of a 
half moon, and its superior conjunction on De- 
eember 18, soon after which it will again be seen 
as an evening star. 

The brilliancy of this planet is such that it can 
scarcely be mistaken by any observer, especially 
when its position in the heavens is pointed out. 


3. The Planet Mars. 


This planet will not be much noticed by com- 
mon observers until near the 6nd of the year.— 
About the beginning of March it is in conjunc- 
tion with the sun, when it is farthest from the 
earth, about a month or two before and after 
which period it is scarcely distinguishable from a 
small star. Irom April to December it will be 
visible only in the morning, in an easterly direc- 
tion; but its apparent size will gradually increase 
until the end of the year. lt is distinguished 


CELESTIAL SCENERY. 
at which time it is 230°5’ west | from the fixed stars and from the other planets by 


its ruddy appearance. 


ly 


4. The Planets Vesta, Juno, Ceres, and Pallas. 


These planets are not perceptible by the naked 
eye. The best time for observing them with. tele- 
scopes is when they are at or near the period of 
their opposition to the sun, when they are nearest 
to’ the earth, and even then it will be difficult to de- 
tect them without the assistance of transit or 
equatorial instruments. ; 

Vesta will be in opposition to the sun on the 
29th December, its right ascension being 6h. 31 
47",and its declination 22° 414’ north. At mid- 
night it will be due south, at an elevation of 60 
degrees above the horizon, in the latitude of 52 
degrees north, about 15 degrees to the south-west 
of the star Pollux, and 744 degrees north of Gam- 
ma Gemini. 

Juno is in opposition on the 17th June, in 
right ascension 17h. 4614’, and south declination 
414°. It will be on the meridian at midnight, at 
an elevation of 33!¢ degrees above the southern 
horizon. 

Neither Ceres.nor Pallas will be in opposition 
to the sun during this year. 


5. The Planet Jupiter. 


This planet will make a very conspicuous ap- 
pearance in the heavens during the winter and 
spring months. About the beginning of January 
it will rise, a little to the north of the eastern 
point of the horizon, a few minutes after ten 
o’clock in the evening, and will pass the meridi- 
an, at an elevation of 4314 degrees, about half past 
four in the morning. About the middle of Feb- 
ruary it will rise about seven in the evening, 
nearly in the same direction, and will come to the 
meridian about half past one in the morning.— 
During the months of January and February it 
will be seen either in the evenings or the morn- 
ings. About the middle of January it wil! be 
seen, in a south-westerly direction, about six 
o’clock in the morning. From the beginning of 
March until the end of August it will be seen in 
the evenings without interruption when the sky 
isclear. On the 22d September it is in conjunc. 
tion with the sun, but it will seldom be noticed 
for a month before this period. During the 
months of November and December it will be 
again seen in the east, only in the morning, some 
time before the rising of the sun. 

This planet can scarcely be mistaken, as it is 
next to Venus in apparent magnitude and splen- 
dor. It will appear most brilliant about the be- 
ginning of March, when it is in opposition to the 
sun, and its satellites and belts will present an 
interesting sight when viewed with a good tele- 
scope. At present (November 22, 1837), four 
belts, nearly equidistant from each other, are dis- 
tinctly visible with a power of 200 times. Their 
appearance is very nearly similar to what is re~ | 
presented in Fig. 56, p. 64, so that a considerable 
change has taken place in their appearance since 
last June, when they appeared nearly as in Fig. 
52, p. 61. At that time the middle belt was tho 
only one easily perceptible, while the other two, 
at the north and south extremities, appeared ex- 
tremely faint and obscure. At present all the four 
belis are distinctly marked. 


6. The Planet Saturn. 





This planet passed its conjunction with the sun 
on the 12th November, 1837. From the begin- 
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ning of the year until about the middle of April 
it will be visible chiefly in the mornings. On the 
first of January it will rise near the south-east, 
about twenty minutes past four in the morning, 
and will pass the meridian about forty-eight mi- 
nutes past eight, at an elevation of 21 degrees 
above the southern horizon, On the first of 
April it will rise at half past ten in the evening, 
and about midnight will be seen near the south- 
east about ten or twelve degrees above’ the hori- 
zon. From this period Saturn will be visible in 
the evenings until near the end of October, rising 
every evening at an earlier hour than on the pre- 
ceding.. On the 16th May it is in opposition to 
the sun, when it will rise near the south-east at 
half past seven, and come to the meridian at mid- 
night. -During the months of August, Septem- 
ber, and October, it will be seen chiefly in the 
south-west quarter of the heavens after sunset, ata 
small elevation above the horizon. It will be very 
perceptible during September and October, on ac- 
count of its low altitude at sunset. It will be in 
conjunction with the sun on the 24th November. 

This planet is not distinguished for its brilliancy 
to the naked eye, though it exhibits a beautiful 
appearance through the telescope. It is of a dull 
leaden color; and is not easily distinguished from 
a fixed star except by the steadiness of its light, 
never presenting a twinkling appearance as the 
stars do, and from which circumstance it may be 
distinguished from neighboring stars. The best 
times for telescopic observations on this planet 
will be in the months of April and May, when its 
ring will appear nearly as represented in Fig. 63, 
p- 71. ; 

7. The Planet Uranus. 


This planet is, for the most part invisible to the 
naked eye. The best time for detecting it by means 
of a telescope, is when it is at or near the period 
of its opposition to the sun, which happens on the 
3d September. At that time it passes the merid- 
ian at midnight, at an elevation of about 3014 de- 
greés above the horizon. - It is situated nearly in 
a straight line between the star Fomalhaut on the 
south and Markab on the north, being nearly in 
the middle of the line, about 2244 degrees dis- 
tant from each. It is in the neighborhood of 
several telescopic stars. On account of its slow 
motion, its position in respect to the above stars 
will not be much altered for a month or two. On 
the 1st of November it passes the meridian at 
eight o’clock in the evening. Its right ascension, 
or distance from the first point of Aries, is then 
22h. 42’ and its declination 9° 4’ south. 


N. B.—In the above statements the observer is 
supposed to be in fifty-two degrees north latitude. 
In places a few degrees to the north or south of 
this latitude, a certain allowance must be made 
for the times of rising, and the altitudes which are 
here specified. ‘To those who reside in lower lati- 
tudes than fifty-two Wegrees, the altitudes of the 
different bodies will be higher, and to those in higher 
latitudes the altitudes above the horizon will be 
lower than what is here stated. 


PHENOMENA OF THE PLANETS FOR 
1839. 
1. Mercury. 


Tue greatest western elongation of this planet hap- 
pens on the 26th of January, when it is 24° 50’ 
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west of the sun. It will be seen near the south- 
east a little before seven in the morning. On the 
seventh of April, and a few days before and after 
it, it will be seen in the evening in a direction 
west by north. On the 24th of May it will be 
seen in the morning, in a direction a little to the 
north of the eastern point, before sunrise. Its 
next elongation will happen on the fifth of Au- 
gust, when it is twenty-seven and one-third de- 
grees distant from the sun. At this period, anda 
fortnight before and a little after, it will be seen 
near the west point, or a little north of it, about 
nine o’clock in the evening or a few minutes be- 
fore it. This will be a favorable opportunity for 
distinguishing this planet with the naked eye. It 
will be again seen in the morning, about five o’- 
clock, a little to the north of the east point, on 
September 18. Its next greatest elongation will 
be on the 30th of November, when it will appear 
in a direction south-west-by-south about the time 
of sunset. This will be a very unfavorable posi- 
tion for attempting to distinguish Mercury. It 
passes its inferior conjunction with the sun on the 
18th December. ; 


2. Venus. 


This planet will be an evening star from the 
beginning of the year until 6th October, when it 
passes its inferior conjunction with the sun. It 
will not, however, be: much noticed until about 
the beginning of March, on account of its near- 
ness to the sun and its southern declination. It 
will appear most brilliant during the months of 
May, June, July, August, and beginning of Sep- 
tember, when it will be seen at a considerable ele- 
vation in the western and north-western quarter 
of the heavens a few minutes after sunset. About 
the middle of October, or a few days before, it 
will appear as a morning star near the south-eastern 
quarter of the sky, and will continue as a morn- 
ing star until near the end of the year. 


3. Mars. 


During the months of February, March, and 
April, this planet will appear in its greatest luster. 
It will be in opposition to the sun on the 12th 
March, at which period it is nearest to the earth, 
and will appear twenty-five times larger in sur- 
face than in the opposite part of its orbit. At this 
period it will rise about half past five in the eve- 
ning, a little to the north of the east point, and 


| will come to the meridian at midnight, at an alti- 


tude of forty-five degrees. It will be easily dis- 
tinguished from the neighboring stars by its size 
and its ruddy appearance. Ai this time the planet 
Jupiter will appear in a direction about twenty- 
two degrees south-east of Mars. From the month 
of May until the end of the year Mars will be 
visible in the evenings, but its apparent size will 
be gradually diminishing, and, on account of its 
southern declination, will not be much noticed 
after the month of September. On the 19th July, 
at forty-six minutes past nine o’clock in the eve- 
ning, Mars and Jupiter will be in conjunction, at 
which time Mars will be one degree and a half to 
the south of Jupiter. They will then be seen 
near the western point, at a small elevation above 
the horizon. 


4. Vesta, Juno, Ceres, and Pallas. 


Juno arrives at its opposition to the sun on the 
12th October, at Lh. 32’, ep. m. It passes the meri- 
dian at midnight, or at 12h. 244’, at an altitude of 


140 a, 
0 91’ and is then about twelve degrees west of 
its ar’ Mere: Declination 3° 39’ south, and right 
nsion, Lh. 26° "+" 
oPallas is in cpposition to the sun April }; at 7h. 
10’, a.m. Right ascension 13h. 12' 42". Declina- 
tion 14° 21’ north. It passes the meridian at mid- 
night, at an elevation of 520 22’. It will then be 
about fourteen degrees south-west from the bright 
star Arcturus. ; 

Ceres is in opposition April-6, at Th. 8’, P. m. 
Right ascension 13h. 23’ 40”. Declination 79 54 
north. It passes the meridian at midnight, at an 
altitude of nearly forty-six degrees. It will then 
be seen, by means of a telescope, at about twelve 
degrees south-west from Arcturus. 

he planet Vesta is not in opposition to the sun 
this year. 


5. Jupiter. 


During the months of January and February 
this planet will be chiefly seen in the morning. 
On the 12th January it rises about midnight, a 
little to the south of the eastern point of the hori- 
zon, and comes to the meridian at forty minutes 
past five in the morning, at an altitude of about 
thirty-two degrees. On the 12th March it rises 
at eight in the evening, and will be seen near the 
south-east part of the heavens about eleven and 
twelve o’clock, rp. m. On the 3d April, it is in 
opposition to the sun, when it rises about half past 
six, P. m., and comes to the meridian about mid- 
night. From this period it will form a conspicu- 
ous object in the evening sky until: near the end 
of September. It arrives at its conjunction with 
the sun on the 22d October, after which it will be 
seen only in the morning throughout the month 
of December and the latter part of November. 
On the 20th March, at one o’clock in the morning, 
all the satellites of Jupiter will appear on the east, 
or right-hand side of the planet, in the order of 
their distances from Jupiter. The same phenom- 
enon will happen on August 1, at forty-five min- 
utes past eight, and 20th September, at 7h., p. m. 


6. Saturn. 


This planet will be visible only in the morning 
during the months of January, February and 
March, and will then be seen toward the southern 
and south-eastern parts of the sky. On the first 
of February it will rise, about half past two in 
the morning, near the south-east, and will come 
to the meridian at forty-nine minutes past seven, 
at an elevation of eighteen degrees above the ho- 
rizon. On the first of April it will rise at forty- 
two minutes past eleven in the evening, and will 
pass the meridian a few minutes before four in the 
morning. It will be in opposition to the sun on 
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the’29th May, when it will rise in the south-east 
at forty-five minutes past seven, P. M., and will 
pass the meridian at midnight, at an altitude of 
eighteen and a half degrees above the southern 
point of the horizon. ‘This will be a favorable 
opportunity for viewing its ring with good tele- 
scopes, when it will appear nearly in its full ex- 
tent, as represented Fig. 65, p. 71. From this 


period Saturn will generally be visible in the eve- 


ning until about the end of October, when its low 
altitude and its proximity to the sun will prevent 
its being distinguished by the naked eye. About 
the middle of August, at nine o’clock in the eve~ 
ning, it will be seen near the south-west at a 
small elevation above the horizon. It will be in 
conjunction with the sun on the fifth December, 
after which it will be invisible to the naked eye 
until the beginning of 1840. 


7. Uranus. 


This planet will be in opposition to the sun on 
the 7th ‘of September, at 30 minutes past seven 
in the evening. Right ascension 23h. 4’, or 346° 
east from the point Aries, reckoned on the equa- 
tor. South declination 6° 5214’. It will come 
to the meridian at midnight at an elevation of 31° 
8' above the horizon. At this time it is in the 
immediate vicinity of the star Phi, Aquarii. On 
the 25th of August, at 20 minutes past one in the 
morning, it is in conjunction with this star, being 
only 15’ or one-quarter of a degree to the north 
of it, at which time the planet and the star, if 
viewed with a telescope of moderate power, will 
both appear in the field of view. The months of 
August, September, October, and November will 
be the most eligible periods for detecting this planet 
with the telescope. On the Jst of November it 
passes the meridian at 15 minutes past eight in the 
evening, at an altitude of 3014 degrees. 


N. B.—The preceding descriptions of planetary 
phenomena are chiefly intended to inform com- 
mon observers as to the seasons of the year when 
the different planets may be seen, and the quar- 
ters of the heavens to which they are to direct 
their attention in order to distinguish them. 

It may not be improper to observe, that the 
planets in general cannot be distinguished by the 
naked eye for about a month before and after their 
conjunctions with the sun, except Venus, which 
may frequently be seen within a week before and 
after its inferior conjunction. But this planet will 
sometimes be invisible to the naked eye for a 
month or two after its superior conjunction with 
the sun. 

Should the above descriptions of celestial phe- 
nomena prove acceptable to general readers, they 
may be continued in future years. 


THE 


SIDEREAL HEAVENS 
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OTHER SUBJECTS CONNECTED WITH 


ALS.T. RON 0M. Y,, 


AS ILLUSTRATIVE OF THE CHARACTER OF THE DEITY, AND OF AN 
INFINITY OF WORLDS. 


“ The worlds were framed by the word of God.""—~Pant. 





bow Sus: siiiagiilitadl 
. , ; | 
- i si 
' . ee — ; | 
: ite | 
7 
? 
—: | 
a4 @ ca ae 
. ; Arm 
MN 3 | ; 
ae : 





ana a a 
pie 


PREFACE. 


Tue favorable reception which the volume entitled: “ Vzumstrau Scenery,” has met 
with from the public, both in Britain and America, has induced the Author to extend 
his survey to other sublime scenes connected with the science of Astronomy. The 
chief object of the work alluded to, was to illustrate, more fully than had previously 
been attempted, the scenes connected with the planetary system. In the present 
volume, the Author has directed the attention of his readers to scenery of a still 
more elevated and sublime description, connected with the “Sidereal Heavens.” All 
the facts related to this subject, which can be considered as interesting to general 
readers, have been particularly detailed, and in such a manner as to be generally 
comprehensible by those who have little knowledge of mathematical science, or the 
more abstruse parts of astronomy. 


In describing such sublime scenes as are here unfolded, the Author, as on former 
occasions, has freely indulged in such remarks and moral reflections as were naturally 
suggested by the grandeur of his subject; and has endeavored to lead the minds of 
his readers to the contemplation of the attributes and the agency of that Almighty 
Being, by whom the vast system of universal nature was at first brought into” 
existence, and by whose superintending care it is incessantly conducted in all its 
movements. 


The subject of a plurality of worlds has been resumed, and additional arguments, 
both from reason and revelation, have been brought forward so as to exhibit this 
position, not merely as conjectural or highly probable, but as susceptible of moral 
demonstration. For the gratification of amateur observers possessed of telescopes, 
particular descriptions have been given of the positions or some of the more remarka- 
ble phenomena in the sidereal heavens, that they may be induced to contemplate them 
with their own eyes. For a similar reason, the Author has described the various 
aspects of the heavens throughout the year, and the position of the planets for 1840 
and 1841. As the subject of comets was unavoidably omitted in the preceding 
volume, the Author has condensed, in the concluding chapter, the greater part of the 
facts which have been ascertained respecting the nature, phenomena, and influence of 
those anomalous bodies. 


¢ was originally intended, had the limits of the present volume permitted, to direct 
the attention of the student to other subjects related to the scenery of the heavens, 
and to the construction and application of some of those instruments which are 
devoted to celestial observations. Should the work now published meet with a 
favorable reception, the Author intends—in a smaller volume than the present—to 
elucidate some of the subjects to which he alludes, especially the following :—the 
construction and use of optical instruments, particularly the reflecting and achromatic 
telescope, and the equatorial. As the Author has performed a great variety of expe- 
riments in relation to such instruments, he hopes to have it in his power to suggest 


some new and useful hints in reference to their construction and improvement. The 
Vou. IT.—20 C iii) 
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doctrine of eclipses and occultations, the precession of the equinoxes, &c.-—the con- 
struction of observatories, and the manner of using astronomical instruments,—the 
desiderata in astronomy, and the means by which the progress of the science may be 
promoted,—the practical utility, physical and. moral, of astronomical studies,—their 
connection with religion, and the views they unfold of the attributes and the empire 
of the Creator, with several other correlatiye topics, will likewise be the subject of 
consideration. The whole to be illustrated with appropriate engravings, many of 
which will be original. 


Broveuty Ferry, near Dunpee. 
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INTRODUCTION. 


In a work lately published under the title of 
“CrLestTIaAL Scenury,’’ I endeavored to exhibita 
pretty full display of all the prominent faets con- 
nected with the motions, distances, magnitudes, 
and other phenomena of the planets, both primary 
and secondary, and of the observations.and rea- 
sonings by which they are supported. ‘These bo- 
dies forming a part of the solar system to which 
we belong, and lying within the limits of measu- 
rable distance, can be more distinctly surveyed, 
and their magnitudes and other phenomena more 
accurately investigated, than those of the remoter 
orbs of the firmament. Hence, in consequence 
of the accurate observations of modern times, we 
can now speak with a degree of certainty and pre- 
cision respecting their order and arrangement, 
their periodical revolutions, their distances from the 
sphere we occupy and from the center of the sys- 
tem, their real bulk, the appearance of their sur- 


faces, and the objects which diversify their respec- | 


tive firmaments. But when we pass the boundary 
of the planetary system, and attempt to explore 
the orbs which lie beyond it, we have to travel, as 
it were, through dark and pathless regions, we 
have to traverse an immense interval which has 
hitherto baffled all the efforts of human science 
and ingenuity to determine itsextent. ‘The fixed 
stars lie completely beyond the dominions of the 
sun; they feel not his attractive influence, they re- 
volve not around him as a center, nor are they 
enlightened by his effulgence. It follows that our 
knowledge of those remote luminaries must be ex- 
tremely imperfect, and our views of the distant re- 
gions in which they are placed comparatively 
limited and obscure. 

But notwithstanding the immeasurable distance 
of the starry regions, and the limited nature of 
human vision, we are not altogether ignorant of 
those remote and unexplored dominions of Omnip- 
otence, or of the magnitude and splendor of the 
bodies they contain. The telescope has enabled 
us to penetrate the vast spaces of the universe, 
and has opened a vista through which thousands 
of suns and systems are distinctly beheld, which 
would otherwise have been forever vailed from 
the view of mortals. It has extended the bound- 
aries of our vision thousands of times beyond its 
natural limits, and collected the scattered rays of 
light from numerous distant orbs, which, without 
its assistance, would never have entered our eyes. 
It has served the purpose of a celestial vehicle to 
carry us toward the heavens, and has produced the 
same effect on our visual powers as if we had been 
actually transported thousands of millions of miles 
nearer the unexplored territories of creation. 
Guided by this noble instrument, scenes and ob- 
jects have been disclosed to view of which former 
generations could form no conception, and which 





lead the reflecting mind to the most elevated views 
of the perfections of the Deity, and to the most 
expansive prospects of the grandeur and magnifi- 
cence of his empire. 

For a considerable period after the true system 
of the world was recognized, astronomers were 
disposed to consider the stars as so many insulated 
luminaries, scattered almost at random throughout 
the vast spaces of the universe. Having en- 
gaged in no very extensive surveys of the celestial 
vault, and resting contented with the idea that the 
stars were so many suns, dispersed in a kind of 
magnificent confusion through the immensity of ~ 
space, they seemed to have formed no conception 
of any specific difference in the nature of these 
bodies, or of any systematic arrangement as ex- 
isting among them. Hence it happened that no 
discoveries of importance were made in the region 
of the stars, from the time of Huygens and Cassini 
until near the latter part of the eighteenth century; 
so that a whole century elapsed without materially 
enlarging our views of the sidereal heavens and of 
the variety, order and arrangement of the numerous 
bodies which every portion of those expansive re- 
gions presents to view. During the last sixty or 
seventy years, the attention of astronomers has been 
more particularly directed to sidereal observations; 
and among those who have laboréd with success 
in this department of astronomical investigation, 
the late Sir William Herschel stands pre-eminent. 
Fired with a noble zeal for the improvement of 
his favorite science, and for the enlargement of his 
views of the distant regions of creation, he set to 
work with enthusiastic ardor, and constructed 
with his own hands telescopes of a size and mag- 
nifying power far superior to what had ever before 
been attempted. Mounted on the top of his forty 
feet reflecting telescope, he not only discovered 
new bodies within the limits of the planetary sys- 
tem, but brought to light innumerable phenomena 
in regions of the firmament where the eye of man 
had never before dared to penetrate. He explored 
the Milky-way throughout all its profundities, and 
found that whitish zone of the heavens to consist 
of a multitude of stars “which no man could num- 
ber,’’ fifty thousand of them having sometimes 
passed. through the field of his telescope in the space 
of anhour. During the coldness and profound 
silence of many sleepless nights, he surveyed al- 
most every portion of the celestial concave, and 
discovered more than two thousand nebule, or 
starry systems, of various forms and descriptions, 
along with multitudes of double, triple, and quad- 
tuple stars which had formerly been unknown, 
and ascertained, from the change of their relative 
positions, some of their real motions and periods 
of revolution. After more than half a century 
spent in unwearied observations of the heavens, 
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this illustrious astronomer departed from this earth- 
ly scone, in 1822, without infirmities and without 
pain, in the eighty-fourth year of his age, leaving 
a son to prosecute his labors indued with virtues 
and talents, worthy of his father, and whose ob- 


‘servations and researches have already enriched 


the science of astronomy, and extended our views 
of the sidereal system. 5 

This department of astronomical science may be 
considered as still in its infancy. Years, and 
even ceuturies, must roll on, and the number of 
astronomical observers must be increased a hun- 
dred-fold, before the sidereal investigations now 
going forward can be nearly completed. A more 
extensive knowledge of the history of the heavens, 
of the bodies which lie hid in the yet unexplored re- 
gions of space, and of the changes and diversified 
motions to whieh they are subject, is doubtless re- 
served for generations to come; and from: the at- 
tention which has lately been paid to this subject, 
and the ardor with which it is now proseeuted in 
different parts of the world, we have reason to 
expect that new scenes of divine wisdom and om- 
nipotence will be gradually unfolding, and new 
and interesting results deduced from the noctur- 
nal labors of those who have devoted: themselves 
to celestial investigations. To what extent our 
knowledge of the objects of this science may yet 
reach, it is impossible for us to anticipate. The 
objects in the heavens present a scene which is 
absolutely boundless, — which all the generations 
of men that may arise until the termination of our 
terrestrial system will never be able fully to ex- 
plore; a scene which will doubtless engage the 
study and contemplation of numerous orders of 
intellectual beings throughout all the revolutions 
of eternity. 

In the following work, I propose to give only a 
very condensed view of the leading objects which 
have been lately discovered in the sidereal heavens. 
The facts in relation to this subject will be select- 
ed chiefly from the observations of Sir. W. Her- 
schel, and several other astronomers, and some of 





them from personal observation. Most of the 
facts to which I allude were ascertained by Sir 
W. Herschel by means of telescopes of great size 
and power, and a considerable number of the 
double and triple stars, stellar and planetary neb- 
ulw, and other phenomena, cannot be perceived 
with instruments of an ordinary size. Certain 
interesting facts, too, particularly with regard to 
the motions ‘of double stars, have lately been 
brought to light by the observations of Sir John 
Herschel, made in the southern hemisphere; but 
the bodies to which I allude cannot be seen in the 
northern latitudes in which we reside. A con- 
siderable portion therefore of our information 
on'this subject must necessarily depend on the ob- 
servations of the astronomers to whom I allude, 
and the statements they have published to the 
world; but these observations have, for the most 
part been abundantly verified by other obser- 
vers. 

It shall be our endeavor to state the prominent 
facts connected with the sidereal heavens in as 
plain and perspicuous a manner as possible; and 
while it forms no part of our plan to frame hy- 
potheses, or launch out into theoretical disquisi- 
tions, we shall offer those remarks, and freely in- 
dulge in those moral reflections, which the con- 
templation of such august objects are calculated 
to suggest. The scenes we intend to exhibit are 
not only the workmanship of God, but display 
the glory of his attributes and the magnificence 
of his empire in a degree, and upon a scale, far 
surpassing what can be seen in any other depart- 
ment of creation; and therefore, in all our suryeys 
of those grand and multifarious objects, we sagt 
invariably toconnect our views and investigations 
with the supreme agency of Him who brought 
them into existence, and to cherish those senti- 
ments and emotions which may inspire us with 
reverence and adoration of that glorious and in- 
comprehensible Being “by whom the worlds were 
framed,’’ “who created all things, and for whose 
pleasure they are and were created,” 
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CHAPTER I. 


A GENERAL VIEW OF THE STARRY HEAVENS, WITH REPRESENTATIONS 
OF DETACHED PORTIONS OF THE FIRMAMENT. 


Ir we could suppose a community of rational be- 
ings to have lived for ages in some subterraneous 
grottos far beneath the surface of the earth, and 
never to have visited the exterior portions of our 
globe, their ideas must have been extremely cir- 
cumscribed, and their enjoyments extremely im- 
perfect, even although they had been furnished 
with everything requisite for their animal subsist- 
ence. Could we imagine that such beings were all 
at once transported to the surface of the earth, with 
what astonishment and wonder would they be 
seized when they beheld the expansive landscape 
of the world, the lofty mountains towering to the 
clouds,--the hills crowned with magnificent forests, 
—the plains stretching to the boundaries of the ho- 
rizon, and adorned with colors of every shade,— 
the expansive lake, like a magnificent mirror, em- 
bosomed among the hills,—the rivers rolling their 
watery treasures toward the ocean,—and the sun 
in the firmament revolving around the circuit of 
the sky, diffusing his light and heat on every sur- 
rounding object! Above all, with what emotions of 
admiration would they be filled when they beheld 
the solar globe descending below the western hori- 
zon, and soon after the moon displaying her silver 
crescent in the sky, and the stars, one after another, 
emerging from the blue ethereal, until the whole 
celestial concave appeared all over spangled with 
a thousand shining orbs, emitting their radiance 
from every part of the cope of heaven, and all 
moving, with an apparently slow and silent mo- 
tion, along the spaces of the firmament! Such 
expansive and novel scenes would undoubtedly 
overwhelm the faculties of such beings with 
astonishment, and transport, and wonder inex- 
pressible. 

We are placed, perhaps, in a situation nearly 
similar in regard to the remote regions of the uni- 
verse, as the beings we have supposed were situ- 
ated with respect to the ample prospects we 
enjoy on the surface of our globe. Were such 
beings, from their subterranean abodes, to look 
through a narrow funnel which presented them 
with a feeble glimpse of our upper world, and of 
u portion of the sky, the view thus obtained 
would somewhat resemble the partial glimpse we 
have yet acquired of the splendor and sublimities 
of the distant universe; and were we transported 
to those far distant scenes, which appear through 
our telescopes only like dim specks of light, we 
should, doubtless, be as much overpowered with 
astonishment and wonder at the magnificent 
scenes which would open to our view, as our 
supposed subterraneous inhabitants could be at 
the amplitude and grandeur of our terrestrial 
abode. 

In our present habitation we are confined to a 
mere point in the infinity of space. Ample as 
our prospects are, it is not improbable that the 
views we have already attained bear a less propor- 
tion to the whole immensity of croation than the 





limited range of a microscopic animalcule bears 
to the wide expanse of the ocean. What is seen 
by human eyes, even when assisted by the most 
powerful instruments, may be as nothing when 
compared to what is unseen and placed forever 
beyond the view of mortals. Since the heavens 
first began to be contemplated, our views have 
been carried thousands of times further into tho 
regions of space than the unassisted eye could 
enable us to penetrate; and at every stage of im- 
provement in optical instruments our prospects 
have been still further extended, new objects and 
new regions of creation have appeared rising to 
view, in boundless perspective, in every direction, 
without the least indication of a boundary to the 
operations of Omnipotence; leaving us no room 
to doubt that all.we have hitherto discovered is 
but a small and inconsiderable part of the length 
and breadth, and the hight and depth of imumen- 
sity. We may suppose, without the least degree 
of improbability or extravagance, that, were the 
whole of the visible system of creation annihilated, 
though it would leave a void immeasurable and 
incomprehensible by mortals, it would appear to 
the eye of Omniscience only as an inconsiderable 
blank scarcely discernible amidst the wonders of 
wisdom and omnipotence with which it is sur- 
rounded. 

Such views and deductions have been derived 
from attentive surveys of the Starry Heavens. 
These heavens present, even to the untutored 
observer, a sublime and elevating spectacle. He 
beholds an immense coneave hemisphere, sur- 
rounding the earth in every region, and resting, 
as it were, upon the circle of the horizon. 
Wherever he roams abroad, on the surface of the 
land or of the ocean, this celestial vault still ap- 
pears encompassing the world; and after travel- 
ing thousands of miles, it seems to make no 
nearer an approach than when the journey com- 
menced. From every quarter of this mighty arch 
numerous lights are displayed, moving onward in 
solemn silence, and calculated to inspire admira- 
ration and awe. Even the rudest savages have 
been struck with admiration at the view of the 
nocturnal heavens, and have regarded the celestial 
luminaries either as the residences of their gods, 
or the arbiters of their future destinies. 

But to minds enlightened with the discoveries 
of science and revelation the firmament presents 
a scene incomparably more magnificent and 
august. Its concave rises toward immensity, and 
stretches, on every hand, to regions immeasurable 
by any finite intelligence; it opens to the view a 
glimpse of orbs of inconceivable magnitude and 
grandeur, and arranged in multitudes which no 
man can number, which have diffused their radi- 
ance on the earth during hundreds of generations; 
it opens a vista which carries our views into the 
regions of infinity, and exhibits a sensible display 
of the immensity of space, and of the boundless 
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operations of Omnipotence; it demonstrates the 
existence of an eternal and incomprehensible 
Divinity, who presides in all the grandeur of his 
attributes over an unlimited empire; it over- 
whelms the contemplative mind with a display 
of the riches of his wisdom and the glories of his 
Omnirorencr; it directs our prospects to the re- 
gions of other worlds, where ten thousand times 
ten thousands of intelligences, of various orders, 
experience the effects of divine love and benefi- 
cence. Amidst the silence and the solitude of the 
midnight scene, it inspires the soul with a solemn 
awe and wit! reverential emotions; it excites 
admiration, astonishment, and wonder in every 
reflecting mind, and has a tendency to enkindle 
the fire of devotion, and to raise the affections to 
that ineffable Being who presides in high author- 
ity over all its movements. While contemplating, 
with the eye of intelligence, this immeasurable 
expanse, it teaches us the littleness of man, and 
of all that earthly pomp and ‘splendor of which 
he is so proud; it shows us that this world, with 
all its furniture and decorations, is but an almost 
invisible speck on the great map of the universe; 
and that our thoughts and affections ought to 
soar above all its sinful pursuits and its transitory 
enjoyments. In short, in this universal temple, 
hung with innumerable lights, we behold, with 
the eye of imagination, unnumbered legions of 
‘bright intelligences, unseen by mortal eyes, cele- 
brating in ecstatic strains, the perfections of Him 
who is the vreator and governor of all worlds,— 
we are carried forward to an eternity to come, 
amidst whose scenes and revolutions alone the 
magnificent objects it contains can be contem- 
plated in all their extent and grandeur. 

It is an evidence of the depraved and groveling 
dispositions of man that the firmament is so sel- 


dom contemplated with the eye of reason and. 


devotion. No other studies can present an assem- 
blage of objects so wonderful and sublime; and 
yet, of all the departments of knowledge which 
are generally prosecuted, no one is so little under- 
stood or appreciated by the bulk of mankind as 
the science of the heavens. Were it more gene- 
rally studied, or its objects were frequently con- 
templated, it would have a tendency to purify and 
elevate the soul, to expand and ennoble the intel- 
lectual faculty, and to supply interesting topics 
for conversation and reflection. The objects in 
the heavens are so grand, so numerous, so diversi- 
fied, and so magnificent, both in their size and in 
the rapidity of their motions, that there appears 
no end to speculation, to inquiry, to conjecture, 
to incessant admiration. There is ample room 
for all the faculties of the brightest genius to be 
employed, aud to expatiate in all their energy on 
this boundless theme; and were they thus em- 
ployed more frequently than they are, our views 
of the arrangement, and the nature of the magni- 
ficent globes of heaven, might be rendered still 
more definite and expansive. 

While contemplating the expanse of the starry 
heavens, the mind is naturally led into a boundless 
train of speculations and inquiries. Where do 
these mighty heavens begin, and where do they 
end? Can imagination fathom their depth, or 
human calculations and figures express their ex- 
tent? Have angels or archangels ever winged 
their flight across the boundaries of the firma- 
ment? Can the highest created beings measure 
the dimensions of those heavens, or explore them 
throughout all their departments? Is there a 
boundary to creation beyond which the energies 
of Omnipotence are unknown, or does it extend 
throvghout the infinity of space? Is the immense 
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fabric of the universe yet completed, or is almighty 
‘power still operating throughout t boundless 
dimensions of space, and new creations still start- 
ing into existence? At what period in duration 
did this mighty fabric commence, and when will 
it be completed? Will a period ever arrive when 
the operations of creating power shall cease, or 
will they be continued throughout all the revolu- 
tions of eternity? What various orders of intel- 
lectual beings people the vast regions of the uni- 
verse? With what mental energies and corporeal 
powers are they endowed?, Are they confined to 
one region of space, or are they invested with 
powers of locomotion, which enable them to wing 
their flight from world to word? Are they making 
rapid advances, from age to age, in intellectual 
improyement? Has moral evil ever made inroads 
into those remote regions of creation, or are all 
their inhabitants confirmed in a state of innocence 
and bliss? Is their history diversified by new and 
wonderful events, and do changes and revolutions 
happen among them? ’ Are all the tribes of intel- 
lectual natures throughout creation connected 
together by certain relations and bonds of union, 
and will a period ever arrive in the future revolu- 
tions of eternity when they shall have had an in- 
timate correspondence with one another? These, 
and hundreds of similar inquiries, are naturally 
suggested by serious contemplations of the objects 
connected with the starry heavens, and they have 
a tendency to lead the mind to sublime and inte- 
resting trains of thought and reflection, and to 
afford scope for the noblest energies of the human 
soul. 

But leaving such reflections, in the meantime, 
let us now take a general view of the starry 
heavens as they appear to the eye of a common 
spectator. 

When an untutored observer attempts to take 
a serious survey of the starry firmament for the 
first time, he is apt to be bewildered at the idea of 
the immense multitude of stars which seem to 
present themselves in every part of the sky, and 
the apparent confusion with which they seem to 
be arranged. He is apt to think that they are 
absolutely innumerable, and that all attempts to 
enumerate or to classify them would be in vain. 
There is something so magnificent and overpow- 
ering in a cursory view of a clear starry sky, that 
the mind shrinks from the idea of ever being 
able to form a distinct conception of the number 
and order of those luminous orbs, or of their dis- 
tances and magnitudes; but the genius and indus- 
try of man have, in numerous instances, accom- 
plished what at first view appeared beyond the 
reach of the human faculties. All the. stars 
visible to the naked eye have been numbered, and 
their relative positions determined, with as much 
precision as the longitudes, latitudes, and bearings 
of places on the surface of, the ei: and there 
is not a star visible to the unassisted eye, but its 
precise position can be pointed out, not only du- 
ring the shades of night, but even during the day, 
when the sun is shining in all its splendor. 

In order to prevent confusion in our first sur- 
veys of the starry heavens, let us fix upon a cer- 
tain portion of the firmament, and the more 
conspicious stars which lie im its immediate vi- 
cinity. Let us suppose ourselves contemplating 
the heavens about the middle of January, at eight 
o’clock in the evening, in the latitude 52° north. 
At that time, if we turn our faces toward the 
south, we shall behold the splendid constellation 
of Orion a little to the east of the meridian, or 
nearly approaching the south. This constellation 





forms one of the most striking and beautiful 
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clusters of stars in the heavens, and is gene- 
poe recognized even by common observers. It 
is distinguished by four brilliant stars in the form 
of an oblong, or parallelogram ; and particularly 
by three bright stars in a straight line near the 
middle of the square, or parallelogram, which are 
known by the names of “the Three Kings,” or 
the “Ell,” or “Yard.” They are also termed 
Orion’s belt; and in the book of Job, “the bands 
of Orion;’’ and the space they occupy is exactly 
three degrees in length. The line passing through 
these stars points to the Pleiades, or seven stars, 
on ‘the one side, and to Sirius, or the Dog Star, 
dn the other. The equinoctial circle passes through 
the uppermost of these stars, which is called 
Mintika. They are situated about eight. degrees 
west from the solstitial colure or that. great circle 
which passes through the poles of the heavens, 
and the first points of Cancer ‘and Capricorn, in 
which the sun is in his greatest declination north 
and south, which happens on the 2Ist .of June 
and 2lst of December. There is a row of small 
stars which run down obliquely below the’ belt, 
and seem to hang from ‘it, which is denominated 
the sword of Orion. About the middle of this 
row of stars there is perceived, by means of the 
telescope, one of the most remarkable nebule in 
the heavens. The whole number of stars visible 
by the naked eye in this constellation has been 
reckoned at about 78; of which two are of the 


first magnitude—namely, Rigel, in the left foot | 


on the west, and: Betelguese, on the east shoulder. 
They are connected bya line drawn through the 
uppermost star of the belt. There are four stars 
of the second magnitude, three of the third, and 


fifteen of the fourth; but several thousands of. 


stars have been perceived by good telescopes 
within the limits of this constellation. 


North by west of Orion is the constellation’ 
Taurus, or the Bull, one of the signs of the, 


zodiac. ‘The Pleiades, or the seven stars, so. fre- 
quently alluded to both in ancient and modern 
times, form a portion of this constellation. At the 
time now supposed;.they are a very little beyond 
the meridian to the west, and about thirty-seven 


degrees north by west of the belt of Orion, at an’ 
elevation above the horizon of about. sixty-four 


degrees, his cluster was described by the an- 
cients as consisting of seven stars, but at present 


only six can be distinguished by the naked eye. 


With powerful telescopes, however, more than 
200 stars have been counted within the limits of 
this group. The Hyades is another cluster, situ- 
ated about eleven degrees south-east from the 
Pleiades, consisting chiefly of small stars, so ar- 
ranged as to form a figure somewhat like the 
letter V. On the left, at the top of the letter, is a 
star of the first magnitude, named Aldebaran, or 
the Bull’s Eye, which is distinguished from most 
of the other stars by its ruddy appearance. This 
constellation is situated between Perseus and Au- 
riga on the north, and has Gemini on the east, 
Aries on the west, and Orion and Eridanus on the 
south. It consists of about 140 stars visble to the 
naked eye. 

The constellation Gemini is situated north-east 
from Orion, and almost due east from the Pleia- 
des,and is one of the signs of the zodiac. It has 
Cancer on the east, Taurus on the west, and the 
Lynz, on the north. The orbit of the earth, or 
the apparent circle described by the sun in his 
annual course, passes through the middle of this 
constellation. From the 21st of June until the 
23d of July, the sun passes through this sign, but 
the stars of which it is composed are then invisi- 
ble, being overpowered by the superior brightness 
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of the solar rays. This constellation is easily 
distinguished by two brilliant stars, denominated 
Castor and ux, which are within five degrees 
of each other. Castor, a star of the first magni- 
tude, is the northernmost of the two; and Polluz, 
a star of the second magnitude, is situated a little 
to the south-east of it. Castor is found by the 
telescope to be a double star, the smaller one 
being invisible to the naked eye; and, from a 


ong series of observations, it is found that the 


smaller star is revolving around the larger with a 
slow motion, and that a complete revolution will 
occupy more than 300 years. About twenty de- 
grees south-west of Castor and Pollux are three 
small stars, nearly in a straight line, and about 
three or four degrees distant from each other.. 
The southernmost of the three lies. nearly in a 
line with Pollux and the star Betelguese, in the 
constellation of Orion, but somewhat nearer te 
Betelguese than to Pollux. ‘These stars, in.'the 


‘hieroglyphic figure of Gemini, form the feet of 
tthe twins. © -- : 


’ Directly.south of Gemini is the constellation of 
Canis Minor, or the Lesser Dog. It is situated 
about midway between Gemini and Oanis Major, 
or the Greater Dog, and has Hydra on the east, 
and Orion.on the west. It consists of only about 
fourteen stars visible to the naked cye, the princi- 
pal of which is Procyon, a bright star between 
the first and second’ magnitude. It is almost 
directly south from Pollux, and distant from it 
about twenty-four degrees.. The next brightest 
star in this constellation, which is considerably 
smaller than Procyon, is called Gomelza, and is 
situated about four degrees north-west of Pro- 
cyon. ‘ y C5 ‘ 

South by west of Canis Minor, at the- distance 
of nearly thirty degrees, is Canis Major, or the 
Greater Dog. It is south-east from the belt of 
Orion,'and due east. from the constellation of Le- 
pus, or the Hare, at the distance of ten degrees. 
Canis Major is ‘easily distinguished by the bril- 
lidney of its principal star, Sirius, which. is appa- 
rently the largest and brightest fixed star in the 
heavens, so that it'is generally considered as one 
of the nearest‘of these distant orbs, though its 
distance from the earth is computed at not less 
than twenty billions of miles;.and a cannon ball, 
moving over this immense space. at the rate of 
nineteen miles a minute, would require more than 
two millions of years before it could reach this 
distant orb. Sirius is south by east of Betelguese 
in the left shoulder of Orion, at the distance of 
twenty-seven degrees, and south-east from the 
lower star in the belt, at the distance of twenty- 
three degrees. A line drawn through the three 
stars which form the belt, toward the south-east. 
leads the eye directly to Sirius, which, at the 
period and hour we have stated, is about twelve 
degrees above the south-easterly point of the 
horizon; a line drawn from Betelguese south-east 
toward Sirius, and thence to the north-east, meets 
Procyon in Canis Minor, and continued nearly 
due west, it again meets Betelguese, so that these 
three stars seem to form a large triangle, which is 
nearly equilateral. Another triangle is formed by 
drawing a line eastward from Betelguese to Pro- 
cyon, as a base, from Procyon straight north to 
Pollux, and from thence again south-west to 
Betelguese, which forms a right-angled triangle, 
having the right angle at the star Procyon, and 
the line extending from Pollux to Betelguese forms 
the hypotenuse. 

In order to render these descriptions more defi- 
nite, I have sketched in Plate I, a small map of 
this portion of the heavens, in which the princi- 
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yal stars in the constellations above described are 
} seem The left-hand side of this map 
represents the cast; the right-hand side the west; 
the lower part, the south; and the upper part the 
north, or higher portion of the heavens. When 
used so as to compare it with the real firmament, 
the observer is supposed to have his face directed 
chiefly to the south and the south-eastern parts 
of the sky. He may then easily distinguish the 
pvincipal stars laid down in it by the following 
directions:—A line drawn from A to B, at the top 
of the map, passes through the star Castor in 
Gemini, which is near the left-hand side. A line 


HEAVENS. 


drawn from C to. D, passes through Pollux ia ee 
‘same sign, which is four or five degrees to the 
south-east of Castor; it likewise passes near 
Auriga, a star of the second magnitude, in 
constellation of the Wagoner, which is represente 

near the middle of the line. Almost directly 
north from Auriga, at the distance of peronses, 
degrees, is the star Capella, in the same constel i 
tion, which is one of the brighest stars in, the 
heavens next to Sirius.! It is about twenty-eight 
degrees north-east from the Pleiades, but wes 
yond the northern limits of the map. A line 
drawn from E to I’, passes through Aldebaran, or 





PLATE I, 


REPRESENTING A PORTION OF THE SOUTHERN PART 


the Bull’s Eye, and the Hyades; north-west of 
which is the Pleiades, or seven stars, near the 
north-west part of the map. A line drawn from 
G to H, passes through the star Betelguese, in the 
east shoulder of Orion; the line from J to K, 
passes through Bellatrix, in the west shoulder, a 
star of the second magnitude, somewhat less bril- 
liant than Betelguese, and likewise passes through 
Procyon, in Canis Minor, which appears near the 
left side of the map; and the line from J to M 
passes through the middle star of Orion’s belt. 
The line from N to O passes through Rigel, in the 
left foot of Orion, a star of the first m 
fifteen degrees south of Bellatrix. 
passes through Saiph, a star of t 
tude, in Orion’s right knee, eight 
grees east of Rigel. The two form the lower end 
of the parallelogram of Orion, The line R S 
passes through the star Sirius, in Canis Major, 
which is east by south from Saiph, at the distance 
of fifteen degrees. The small stars to the west, 
or right hand of Sirius form a part of the con- 
stellation of Lepus, or the Hare. A line drawn 
from T to U, from the northern to the southern 
part of the map, will point out the position of the 
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OF THE HEAVENS, ABOUT THE MIDDLE OF JANUARY. 





stars here represented with respect to the me- 
ridian, at. the time these observations are supposed 
to be made. The stars on the right of this line 
are west of the meridian, and all those to the left 
are to the east of it. 

By attending to the above directions, and com- 
paring the delineations on the map with the 
heavens, all the stars and constellations noted 
above may be readily distinguished. The triangles 
formed by Betelguese, Procyon, and Sirius, and 

by Pollux, Procyon, and Betelguese, will likewise 
be seen on the map, as formerly described, and 
| may be easily traced in the heavens. Although | 
have fixed on the middle of January, at eight 
| o’elock in the evening, for these observations, yet 
the same stars may be traced, at different hours, 
|during the months of November, December, 
January, February, and March. About the mid- 
‘dle of November, at midnight, and the middle of 
| December, at ten o’clock, p. M., this portion of the 
heavens will appear nearly in the same position 
as here represented. About the middle of Febru- 
ary, Orion will be on the meridian about eight in 
the evening; and in the month of March, at the 
, Same hour, considerably to the west of it; but all 





_ EXPLANATION OF THE PLANISPHERES. 


_ the adjacent stars and constellations may be traced 
at this time in the manner already described. The 
stars and constellations delineated on this map 
comprehend a space in the heavens extending in 
‘breadth, from north to south, about fifty degrees 
namely, from thirty-three degrees of north 
declination to seventeen degrees south; and. in 
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length, from west to east, about sixty degrees, 
The equator runs through this portion of the hea- 
vens in the direction a w or nearly corresponding 
to the line Z M, so that it passes very near to the 
upper star in the belt of Orion.. The degrees of 
north and south declination* from the equator are 
marked on the margin. 


PLATE I. 


EXHIBITING A PORTION OF THE CONSTELLATIONS, AS SEEN ABOUT. THE FIRST OF SEPTEMBER 





Plate II represents another portion of the hea- 
vens as it appears about the beginning of Septem- 
ber. It includes some of the larger stars belonging 
@ the constellations Cygnus, Lyra, Cerberus, Ser- 
pentarius, Aquila, Hercules, and Corona Borealis. 
At ten o’clock in the evening of the Ist of Sep- 
tember, the star Altair, in the constellation of 
Aquila, or the Eagle, will be nearly on the merid- 
ian, at an elevation above the horizon of about 
forty-six degrees. This star, which is between 
the first and second magnitude, is situated near 
the east or left-hand side of the map, near the 
bottom, and has a small star to the south, and an- 
other to the north-west of it, A line drawn from 
T to U passes through tge star Altair, and a line 
from V to W passes through the meridian at the 
hour supposed. 

T'he seven stars which are nearest Altair, to- 
ward the south, and west, and north-west, belong 
to the constellation of Aguila. All the stars on 
the map which are to the right-hand of Altair, 
are west of the meridian. A line drawn from X 
to Y, near the top of the map, passes through 
Denib, a bright star of the second magnitude in the 
constellation of Cygnus, or the Swan, which is 
the star next the left-hand side, nearly due north 
from Altair, at the distance of thirty-six degrees; 
the other four stars adjacent to it belong to the 
same constellation. A line drawn from A to B 
passes through the star Vega, or a Lyre, a brilliant 


| star of the first magnitude in the constellation of 
the Harp. The six small stars to the south-east 
of it likewise belong to this constellation The 
stars on the right, or to the westward of Vega, be- 
long chiefly to the constellation of Hercules. A 
line drawn from C to D passes through the prinei- 
pal star Corona Borea’is, or the Northern Crown, 
named Alphacca, which is of the third magnitude, 
and near the right-hand side of the map. The stars 
north and-east from it belong to the same conste’- 
lation. West from Alphacca is Mirac, at the 
distance of eleven degrees; and south-west of Mirac, 
at the distance of ten degrees, is Arciurus, a bright 
star of the first magnitude, which is then about eigh- 
teen degrees above the western horizon, Both these 
stars are in the constellation of Bootes, but they 
are not within the limits of the map. A line 
drawn from F' to G passes through Ras Algetii, 
a star of the second magnitude, and the principal 
star in the constellation, of Hercules, which .is 
twenty-five degrees south-east of Corona Borealis. 
A line from H to J passes through Ras Alhague, 
a star of the second magnitude in the head of Ser- 
pentarius. This star is five degrees east by south 

* The declination of a heavenly body is its distance north 
or south from the equinoctial, or equator, and corresponds to 


latitude on the terraqueous globe, which is the distance of a 
place from the equator. The latitude of a heavenly body is 











its distance north or south of the ¢eliptic, or apparent path 
of the sun, which forms an angle of 3244 degrees with the 
equinoctial, 


16 SIDEREAL 
-of Ras Algethi. Most of the other stars to the 
south and east in the map belong to Serpentarius. 
Various other remarkable stars may be seen at 
this time beside those noted in the map, particu- 
larly the square of Pegasus, or the Flying Horse. 
About fifty-three degrees nearly east from Altair 
is Markab, a star of the second magnitude; six- 
teen and a half degrees east of Markab is Algenib, 
another star of the second magnitude; fourteen, 
degrees north of Algenib is Alpheratz, and four- 
teen degrees west of Alpheratz is Scheat, both of 
them stars of the second magnitude. . These four 
stars, of nearly equal magnitudes, form the 
Square of Pegasus, and appear nearly half-way 
between the eastern horizon and the meridian. 
All the stars alluded to above may likewise be 
seen during the months of July and August, when 
they will appear in a more easterly position than 
at the time stated above; and inthe month of Oc- 
tober, at eight o’clock, and in November, at six 
o’clock in the evening, they will be seen nearly 
in the positions which have been now represented. 
Plate III répresents a view of some of the prin- 
cipal stars around the pole, extending from the 
polar point, in every direction, about forty-five 
degrees. In using this map, the observer is sup- 
posed to be looking toward the north, in which 
case, the left hand side of the. map is toward the 
west, and the right side toward the east. The 
large star near the center of the map is the Pole- 
star, which forms the tip of the tail of Ursa Minor 
the square of which, and the two other stars in 
the tail, will be seen ascending from it toward 


the right hand, when the map is so placed that the | 


[st of April is at the top. There is-only one star 
of the first magnitude within the limits of this map 
—namely Capella, the principal star in the con- 
steHation of Auriga, opposite that part. of the map 
where the month of December is marked. A line, 
drawn from C to’ D passes through this star, 
which is adjacent to the extremity of the map. 
There are eleven stars of the second magnitude; 
five'in the square and tail of Ursa Major, or the 
Great Bear—namely the two pointers, Dubhe and 
Merak, Phad, Alioth, and Benetnasch. The others 
are Menkalina, Etanim, Rastaban, Algenib, Delta, 
Cygni, and the Pole-star. A line drawn from A 
to B passes through Dubhe and Merak, and the 
Pole-star at the center of the map; and on the 
other side of the Pole-star it passes through a part 
of the constellation of Cassiopecia—the Pole-star 
being nearly equidistant between that constellation 
and the pointers. A line drawn from E to F 
passes through Menkalina, in the constellation of 
Auriga, about eight degrees from Capella. A line 
drawn from G to H passes through Delta Cygni, 
in the Swan, which «is placed at the extremity of 
the map. A line from I to K passes through 
Algenib, the principal star in the constella- 
tion of Perseus. A line from L to. M passes 
through Etanim, near the right-hand side of the 
map, a star of the second magnitude in the con- 
stellation of Draco, near to which, at the distance 
of four or five degrees is Rastaban, likewise a star 
of the second magnitude in the same constellation. 
With two other stars they form a kind of irregu- 
lar square or trapezium, and, with another small 
star, they form a figure resembling an italic V. 
When the star Etanim comes to the meridian of 
London, it is exactly in the zenith of that place, 
which has rendered jit of peculiar utility in certain 
nice astronomical observations. It is celebrated in 
modern times as being the star which Dr, Bradley 
selected to determine, if possible, the Annual Paral- 
-lax; and from his observations of which he deduced 
the important discovery of the Aberration of Light. 





* 
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HEAVENS. 


Let us now suppose that we are to contemplate 


the northern part of the heavens about the begin- » 


ning of April, at ten o’clock in the evening, 
Turning our faces toward the pole-star, or direct- 
ly north, and holding that part of the map upper- 
most which is opposite to the beginning of April, 
those stars which are marked on the upper part of 
the map will appear not far from the zenith, 
or nearly overhead; those toward the lower .part 
will appear at a low elevation, not far from the 
horizon; those on the right will appear in the east, 
and those on the left in the west, at different ele- 
vations, as here represented. ‘The two pointers 
‘in the Great Bear, which are directly opposite to 


'|the Ist of April, willbe seen nearly in the zenith, 


and to point downward to the pole-star; and at near- 
ly an equal distance below. the pole-star, they di- 


rect the eye to: the constellation Cassiopeia, which 


is conceived to have a certain resemblance to a 


‘chair, and which appears. only a small distance 


above the northern horizon.. To the west or 
left-hand side of Cassiopeia is the constellation 
Perseus, of which Algenib is the principal star, 


and which is likewise at a low elevation. To the 


right, or east side, of Cassiopeia is Cepheus—four 
stars of which, two of-the third, and two of the 


‘fourth. magnitude, form akind of square, or rhom- 


bus... The stars farther to the east, and in a more 
elevated position, belong chiefly to the: constella- 
tion of Draco, or the Dragon. The star Etanim, 


‘in this constellation, appears nearly due east of 


the pole-star, at the distance of forty degrees. 
The stars on the western side of the map, or on 
the. left-hand nearly opposite to Etanim, belong 
to the constellation of Auriga; and those on the 
upper part are chiefly some of the prominent stars 
connected with the Great Bear. The bright star 
Capella appears nearly west by south from the 
pole-star, ata pretty high elevation, with Menka- 
lina a little above it, and to the eastward. 

Beside the stars marked on this map, there may 
be seen, at the same time, séveral brilliant stars of 
the first magnitude. Turning the eye east by 
south, the bright star Arcturus, in the constella- 
tion Bootes, is seen-about half-way between the 
horizon and the zenith. Looking to the north- 
east, the brilliant star Vega, or Lyra, appears ele- 
vated twenty degrees above the horizon, in a di- 
rection nearly opposite to Capella, in the west. 
Farther to the north, but not quite so elevated as 
Lyra, is Denib, in the constellation of the Swan 
Turning our eye to the west, Castor and Pollux 
will be seen about midway between the western 
horizon and zenith: ‘and farther.down, near tho 
horizon, almost due west, are Betelguese and Bel- 
latrix, the two’stars in the shoulders of Orion, Bet- 
elguese appearing the more elevated of the two, 
the other portions Orion having descended below 
the horizon. To the south-west, midway between 
Pollux and the horizon, is Prod, a star of the 
first magnitude in the Lesser Dog. 

Suppose, now, we were to observe the same 
quarter of the heavens, at the same hour, about the 
beginning of October. In this case we have only 
to reverse the map so that the first of October may be 
uppermost. At this season, Cassiopeia will appear 
near the zenith andthe two pointers of Ursa Major 
will be seen at the opposite side of the pole,at no great 
elevation above the horizon. Capella will appear to- 
ward the east,on the right, tiaconsra altitude, 
and the five stars in the head of Draco considera- 
bly to the west, while Algenib, and the other stars 
in Perseus, will be seen in a high elevation, to the 
east of Cassiopeia. At this time, likewise, by 
turning our eyes toward the east and the south, 
Aldebaran, or the Bull’s-eye, in the constellation 
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Taurus, will be seen elevated about twelve degrees 
above the eastern horizon, about sixteen degrees 
above which are the Pleiades, or seven stars. The 
star Altair will appear near the south-west, half- 
way between that point and the meridian, and 
Fomalhaut, in the Southern Fish, will be seen 
nearly on the meridian, only five or six degrees 
above the south point of the horizon. 

In like manner, were we wishing to observe the 
position of the circumpolar stars at any other hour, 
at this period, than ten o’clock, P. M., suppose at 
eight in the evening, we have only to turn thé 
line which marks the beginning of September up- 
permost instead of October, and the position at 
that hour will be seen; and if we choose to make 
our observations at six in the evening,we turn the 
first of August to the top, allowing two hours, at 
an average, forevery month. If we would inspect 
their position at twelve midnight, the first of No- 
vember must be turned round to the top, and so 
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on for any other hour. If we would make our 
observations in the beginning of January at ten, 
Pp. M., that point must be turned to the top, and 
then the two pointers will be seen on the right, 
straight east of the pole-star, and the other five 
stars hanging down fromthem, Cassiopeia nearly 
straight west, and Capella not far from the zenith. 
These circumpolar stars may therefore be seen at 
every season of the year, and their relative posi- 
tions determined beforehand, by simply turning 
round the map to the month, or day of the month, 
required, so that that point may be at the top; and 
although the months are arranged so as to corres- 
pond with ten o’clock, p. m., yet the positions may 
be represented for any other hour, according to 
the directions given above. 

The following remarks may be stated in reference 
to the stars depicted on this map:—1l. All these 
stars never set in our latitude, but appear to move 
round above the horizon in circles of which the 
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THE NORTH CIRCUMPOLAR STARS. 





ole is the center. As the observer is supposed to 
e in fifty-two degrees N. latitude, all the stars 
within 52° of the pole never descend below the 
horizon. In one part of their diurnal course they 
appear above the pole, and some of them near the 
zenith, and in the opposite point they appear be- 
low the polar point, and sometimes near the 
northern horizon. 2. In the higher part of 
their course they appear to move from east to 
west, and in the lower part from west to east. 
Those nearest the pole describe small circles 
around the polar point, and those at greater dis- 
tances describe larger circles; but their periods 
of apparent revolution are exactly the same— 
namely, twenty-three hours, fifty-six minutes, 
and four seconds. 3. The stars represented in 





this map are only those which are most promi- 
nent and obvious to the naked eye, in order to 
prevent confusion, and that the untutored obse:- 
ver may not be distracted with too many objects 
at one view. They chiefly consist of stars of the 
second, third, and fourth magnitudes. 4. In order 
that the observer may be able readily to estimate 
the apparent distances of the stars from each other 
and from the horizon, it may be proper to keep in 
mind that the distance between the two pointers 
is exactly five degrees, and between Dubhe (the 
nearest to the pole) and the pole-star, twenty-nine 
degrees. By applying these measures by the eye 
to other stars, their apparent distances may be 
very nearly estimated. 5. Although I have stated, 
in general terms, that the pointers come to the 
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southern meridian, or are nearly in the zenith, at 
ten, p. M., about the beginning of April, yet it is 
not before the seventh of this month that they are 
accurately in this position at ten in the evening; 
but the difference is not much perceptible by the 
eye during the course of a week or two, and 
therefore can lead to no great mistake. 6. If the 
circle containing the stars were cut out, and sur- 
rounded with the circle of months and days, and 


made to revolve within the circle of hours, it 


might be made to serve the purpose of an astro- 
nomical clock for pointing out the hours of the 
night, and likewise for showing the positions of 
the circumpolar stars for any hour of the day or 
night. 7. The delineations of the apparent dis- 
tances of the stars on this map are on a scale of 
only one-half the size of that.on which the two 
preceding maps were constructed. . 

The three preceding views of certain portions 
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of the heavens, partly delineated from actual ob- 


| servation, are intended to convey to general obser- 


vers a natural representation of those quarters 
of the firmament to which they refer, so that by 
a little further attention and,observation, and an 
inspection of a Celestial atlas, they may acquire a 
general view of the principal stars and constella- 
tions visible in our hemisphere; for on most ce- 
lestial planispheres and globes there is such a 
‘group of eyes, noses, legs, tails, claws, and win 

connected with the mythological figures of the 
constellations, no traces of which can be seen in 
the heavens, that the learner is sometimes con- 
| founded, and can scarcely trace any resemblance 
between what is depicted on such globes and 
planispheres and the real aspect of the firmament, 
the stars appearing, in many instances, as acci- 
dental spots, buried, as it were, amid the group 





of hieroglyphies with which they are connected. 


CHAPTER dss 


ON THE ARRANGEMENT OF ‘THE STARS INTO CONSTELLATIONS, WITH 
SKETCHES OF THEIR MYTHOLOGICAL HISTORY. | ~ 


In order to distinguish the stars from ‘one. 
another, the ancients. divided the heavens into. 
different portions or spaces, called. constellations, 
or groups of stars. ‘They supposed each group, 
to occupy a: space which a lion, a-bear,a man, a 


harp, or other object would fill, if it were there | 


delineated; and hence the different constéllations 
were depicted as if they had borne a resemblance 
to dragons, dogs, rams, altars, ships, and similar 
objects, whether imaginary or real. The inven- 
tion_of the constellations, particularly those of 
the Zodiae, is generally attributed to the Chaldeans 
or the Egyptians; but most’ probably the merit, 


Egyptians appear; at a very early period, to have 
derived the knowledge of astronomy from the 
inhabitants of ‘Chaldea, and: imparted it’ to the 
ancient Greeks and other nations. The first series 
of constellations whi¢h were formed appear to 
have been those of the Zodiac. Finding that the, 


year consisted neither of twelve nor of thirteen | 


lunations, in order to know the. precise bounds 

of the annual course of the sun, they were under 

the necessity of carefully examining what stars 

were successively obscured in the evening by the 

motion of that globe, and what stars, after emer- 
_ ging frompits rays, showed themselves again before 
the dawn of day. 

Macrobius, an ancient Roman author, and 
Sextus Empiricus, a Greek writer, have handed 
down to us the ingenious method which the first 
astronomers used to determine exactly the course 
which the sun describes in the heavens, and to 
divide the year into equal portions, of which the 
following is a condensed description: 

They every day saw the sun and the whole 
heavens turning round from east to west. In 
the meantime they observed that the sun, by a 
motion peculiar to it, receded, from day to day, 
from certain stars, and took its place under others, 
always advancing toward the east. As they found 
that twelve revolutions of the moon approximated 
to one revolution of the sun, but that a certain 
sensible difference existed, they wished that they 
might have twelve divisions of the year, which 


| nitude or its brightness, and at the 





ding 





might be exactly equivalent. to the year itself. 
‘For this purpose they took two brass open vessels, 
‘the one pierced at the bottom, and-the other with- 
out any orifice below. Haying stopped the hole 
of the first; they filled it with water, and placed it 
so that the water might. run out into the other 
vessel the: moment. the cock: should be opened. 
This. done, they observed in that part of the 
heavens where the sun has its annual course, the 
rising of a star, remarkable either for its mag- 
“critical in- 
stant it appeared’ on the horizon they began to 


| let the water flow out of the upper vessel into the 
such as itis, is due to the former, although the. 


other, during the rest of the night and the whole 
following day, until the very moment when the 
same star began to appéar anew on the horizon. 
The instant it was again seen they took away the 
under vessel, and threw the water that remained 
in the upper on the ground, The observers were 
thus sure of having one revolution of the whole 
heaven, between the first rising of the star and 
its ‘return, ~The water which had flowed 


during that time now afforded them the means 
of Imeasuring, the. duration of one whole revo- 


lution of the. starry firmament, and of divi- 
that duration into | seveal equal portions. 
‘They then'divided the water of the under vesset 
into twelve parts, perfectly equal and prepared two 
other small vessels capable of containing exactly 
one of these portions, and no more. 
poured into ‘the great copper vessel the twelve 
parts of water all at once, keeping the vessels 
shut, They then placed under the cock, still 
shut, one of the two small vessels, and: another 
near it to succeed the first as soon as it should be 


full. All these preparations being ready, the next 


night they observed that part of the heavens 
toward which they had remarked the sun took his 
course, and waited for the risino 
tion which has since been | 
instant Aries appeared, and they « 
star of it ascending, they let the water run 
into the little measure. As soon as it was full 
they removed it, and threw the water out. In the 
meantime they put the other empty measure 


They again 
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gander the fall. They observed accurately all the 
stars that rose during all the periods which the 
measure took in filling, and that part of the hea- 
vens was terminated in their observations by the 
star which appeared last on the horizon the mo- 
ment the measure was just full. In like manner 
they proceeded with the other vessel alternately, 
until the two small vessels were three times filled, 
which marked out six divisions, or one-half of the 
course of the sunin the heavens. They were then 
forced to defer the observation and measurement 
of the other half of the firmament until the oppo- 
site season of the year, when they proceeded as 
before. : 

Having in this maner determined the twelve 
divisions of the heavens, and marked the clusters 
of stars peculiar to each, they proceeded to give 
them names, and in general termed them the sta- 
tions or houses of the sun, three of which were 
assigned to each season. The particular names 
given to each of the twelve constellations of the 
Zodiac are generally supposed to refer to certain 
circumstances peculiar to the different months. 
As the Chaldean observers seem to have been of 
opinion that there were, during the spring, no 
productions more useful than lambs, calves, and 
rams, they gave the constellations through which 
the sun passes during that season the names of 
the three animals by which they were most en- 
riched. The first was named Aries, or the Ram; 
the second Taurus, or the Bull; and the third 
Gemini, or the Twins,—that is, the two goats, 
which commonly bring forth two young at a 
time. The Greeks afterward represented them 
by Castor and Pollux, two twin brothers, sons of 
Jupiter, by Leda, the wife of Tyndarus, and as 
such they are represented on our globes. Having 
remarked that there was a point to which the sun 
approached when passing these signs, but which 
it never went beyond, and that it afterward re- 
ceded from that point for six months together, 
this retreat of the sun backward led them to dis- 
tinguish it by the name of an animal which walks 
backward, and hence it was denominated Cancer, 
or the Crab. As the heats in the next month 
(July) are most intense, they compared them to 
the raging and fierceness of a lion, and hence they 
called the sign Leo, that is, the Lion. As in the 
next month harvest commences, and as young 
girls were generally set to glean in the fields, they 
denominated the sign corresponding to this month 
Virgo, or the Virgin, which is represented by the 
figure of a young woman holding an ear of 
corn. 

The perfect equality of days and nights which 
happens when the sun quits the sign of Virgo, 
caused astronomers to give the next sign the 
name of Libra, that is, the Balance, poised so as 
to represent equal day and night. The frequent 
diseases which are produced in consequence of 
the sun retiring to the south procured the next 
sign the name of Scorpio, or the Scorpion, because 
it is mischievous, and drags after it a sting and 
venom. When harvest is over, and the fields 
cleared of the crops, then is the season for hunt- 
ing, and therefore the sign in which the sun 
enters at that time has obtained the name of Sa- 
gittarius, that is, the Archer, or Huntsman. The 
next constellation, Capricorn, had its origin from 
the wild g« vhose nature being to seek its food 
L m to the top of mountains, was 
considered emblematical of the ascent of the sun 
from the lowest point of its course, in the begin- 
ning of this sign, to its highest pitch or summit 
in the summer solstice, when it enters the sign 
Cancer. The next sign is called Aquarius, or the 
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part of its circle. 








Water-bearer, emblematical of the rains which 
generally fall at this season of the year; and th 
last sign is named Pisces, or the Fishes, which, 
mame seems to have been given because at the — 
time when the sun enters it, fishes are then con- 
sidered as fattest and most in season for use. 

Such were the names and symbols which the 
ancients appropriated to that great circle or zone 
of the heavens through which the sun, moon, and 
planets appeared to move. As the names of ten 
of these signs or constellations are borrowed from 
several animals, astronomers gave the annual 
zone which they compose,'the name of the Zodiac, 
that -is, the circle of animals, from the Greek 
word zoon, an animal. By this division of the 
heavens, mankind acquired a new method ‘of 
measuring time and of regulating all their labors. 
From the knowledge of the Zodiac they obtained 
an exact knowledge of the year and of ‘its several 
subdivisions, and the periods when sowing ought 
to commence, and when the fruits of harvest 
might be expected to arrive at maturity. When, 
after the setting of the snn, they saw the stars of 
the sign Aries ascend the opposite horizon, and 
distant from the sun.by one-half. of the sphere of 
the heavens, they then knew that the sun was 
under the sign Libra, which, being the seventh 
of the celestial signs, was distant from the first by 
one-half of the whole Zodiac. When, at the ap- 
proach of day, they saw, in the middle of the 
firmament, or on their meridian, at an equal dis- 
tance from east and west, the principal star of the 
sign Leo, they understood that the sun, then 
about to rise, was at the distance of three signs 
from Leo, and removed toward the east one-fourth 
Thus, without seeing the stars, 
which were obscured and overpowered by the 
sun’s rays as he passed through them, they could 
say, with a perfect assurance, “the sun is now in 
Scorpio, and in two months hence the shortest day 
will arrive.”? On the sight of a single constella- 
tion, placed either in the eastern, western, or 
middle part of the heavens, they could immedi- 
ately tell in what sign the sun was, how far the 
year was advanced, and what kinds of labor were 
requisite to be performed. It is therefore to astro- 
nomy we are originally indebted for our know- 
ledge of the length of the year, and the com- 
mencement of its different seasons. 

The ancients next proceeded to arrange into 
constellations the other groups of stars which 
were situated to the north and south of the Zo- 
diac. In forming this arrangement they pro- 
ceeded on principles similar to those by which 
they had delineated the signs of the Zodiac. They 
conceived the different groups as if they bore a 
certain resemblance to birds, beasts, serpents, or 
to certain imaginary beings, and gave them names. 
corresponding to such conceptions. This they 
seem to have done for the sake of assisting the 
memory and imagination in forming a general 
idea of the forms and the relative positions of the 
several clusters of stars, and to enable the obser- 
ver more readily to distinguish and to point out 
any particular star; but it would be too tedious, 
and would convey little profitable instruction, to 
inquire into the reasons of the emblematical 
figures they adopted, or to attempt a detailed view 
of their mythological history. 

The following table contains a list of all the 
constellations, ancient and modern, with the num- 
ber of stars in each, as stated in the Historia Ce- 
lestis of Flamstead, formerly Royal Professor of 
Astronomy at Greenwich. The first column 
contains the name of the constellation, the second 
column, the number of stars it contains, and tho 
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third column, the principal stars and their magni- 


, The number 1, expresses stars of the first 
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NORTHERN CONSTELLATIONS. 


the second magnitude, 


\ 


Name. No. of Stars. Principal Stars. 

Ursa Minor—the Little Bear ............-.-+. DA ie OU ott as sdoOle hak gas 
Ursa Major—the Great Bear ........... Pel LI WOT 1 i ee eit ee Dabbe gs ,aalaetn a 
Draco—the Dragon ...... 4-21... seeveeee abe VOOR Hee secs vo sidvanica! Ruaptabeny:2 , 
Cepheus [East of Draco] ........s++e---- eens BD eS elessee od viel se lderaminy S., 
Bootes—the Herdsman ..........++++-+++- feo DANS. tev dle waiwie sate eure) Ame tars, is, MElracea-e 
bike: Sa Northern Crown [Bast of i Fl je ceditewss carne, aiphoddays, 
Hercules, with Cerberus ............0.3. ONS LUD! 4 usin wanes @sale aa Ras Algethei, 2. 
Liyra—the HARD Parc denice qonan nen coment ie DEAE DOR Gn LA rts OF Vega, or Lyra, 1. 
Cygnus—the Swan ............. BOATS) caterer eters va) SHOP ev jase waeipae'e acters NDT, a. 
Cassiopeia—Lady in her chair ............... Od: Bi NUP Sev ewe eehedinse: 
Perseus, and Head of Medusa .............-- te) MOB a AB She ante eee pies Algenib, 2; Algol, 2. 
Auriga—the Wagoner ......-.e0seeceeeeeees BGO Md vtodseon ese CapelacAlajoth, 1. 
Serpentarius—Serpent Bearer ............. O00 SUE SEGRE ee ...+ Ras Alhague, 2. 
Serpens—the Serpent ...... ..... Sere oes asee HOt 
Sagitta—the Arrow [N. of Aquila] ........... 18 
Aquila and Antinous—the Eagle, &c. ......... WAT GaA APPRN ELS: se <t0% Altair, lor 2. 
Delphinus—the Dolphin ............0....0.00. 18 
Equuleus—the Horse’s Head ............. AON) RO ‘ 
Pegasus—the Flying Horse ........+....-00-- 89 oe cesscilinsesees Markab,.2;-Scheat, 2. 
Andromeda ,......-- BAS HCEE eke Wikio OSL «66 Lees. c.eseaeee ess) Alamak, 2: Mirack, 2 
Triangulum—the Triangle .. 07. /...0..0.000% 16 
Camelopardalis—Camelopard ...., SSIS AHO GONE 58 
Leo Minor—the Little Lion ......... Arab ce 53 
Coma Berenices—Berenices’ Hair [North of 

VAP EG) serena eratgiorelse Meatsiote mec attlels ® yi 
Vulpecula et Anser—the Fox and Goose 4 35 

poouty of Cysts. cy beciaece tts «faye ole 
Lacerto—the Lizard [East of Cygnus] ........ 16 
Scutum Sobieski [North of Sagittarius] ...... j 8 
Canis Venatici—the Greyhounds ..........., 2 25 
VIX eucoislars cise oo a DEEP ESR BOAO bs Fike er 4a 
Cerberus oc eccdiia masseter oman Eee 4 
Mons Menelaus [S. E. of Bootes] ............. ll 
Taurus Poniatowski—the Bull of Poniatowski 7 

[W. of Aquila] ..... Ca Ag es nah t 
Musca—the Fly [N. of Aries] ..............0¢ 6 
Tarandus—Reindeer [at N. Polé] ............. 12 

Total number of stars in the Northern 
Constellations ........... prove excla, stage he ; 14st 
SOUTHERN: CONSTELLATIONS. 
Those Constellations marked thus + never rise in N. latitude 52 degrees, 

Name. No, of Stars. Principal Stars. 
Cetus—the Whale .............05 fits Qo Beats A fe RRO CBS Pa : Mi 
BIG Sete stars IM loi atais 1d via inlape a ctbynd Brel meena Sead Boh SRN ait ie ce Lap pate! nae 
Eridanus—the River Po .......ienesecevcee Wy) wptleuba the sce etn bitte ce é We Ackepucy 1 re Puaie 

jepus—the Hare:[S. of Orion] ......e00s 000s 19 a 

anis Major—the Great Dog .....,.. Mibeeiw'e Siete. puna aaNsl shewete «sek eee ... Sirius, 1 
Canis Minor [N. of Monoceros] .............. dy haan ike A ticle Procyon, 1 
Argo Navis—the Argo. ........... Ferris) yess CYP WANED ihad Chnop a 1; Naos, 2 
Hydra—the Serpent ....., Mein Gish miata shai aya Ge ent Here Cor Yya y ya 
Crater—the Cup [S. of Virgo mt ade vardinna vw shoves ite De ee eee Al bth 5 
Corvus—the Crow [S: of Virgo] ..... Se eaeis oy SF te Tee Alk gost 
Centaurus—the Centaur ..........c.0e. cs Wishes tM ei lg ss ig 
Lupus—-the Wolf ...... hevetinels talefarbt dos GIRVaSioieease 24 
Arwt—tho altars. . dae esa’ a smukn es ¢x SBubeed 9 
Porona Australis—Southorn Crown ....... BO byl 

iscis Australis—[S. of Aquarius] ............ Geis all 
ene Neachin Meee Nea Cota ‘0 Ce Nie Pomelans = 

ober Carolit [E. of Argo Navis] .....ceeeees fis 
Grust—the rie ope ry! aaa ait "| B * of 5 kt 
PUPRIE ni s0.. 66.0: oo, MRA rm ay dash 13 2 
Indus}—the Indian ........,.., aR, Seb 0% 12 
Pavot—the Peacock ,........,.. ORE wets ede 
Apus}—the Bird of Paradise alte. owls aMiayeateceie) aah 


Thus all the visible stars in the firmament have 
been arranged into ninety-four constellations, of 
which forty-eight were formed by the ancients, 
and the rest within the last two or three hundred 
years. Of the stars above enumerated, there are 
about 17 of the first magnitude, 76 of the second, 
223 of the third, and the remainder of the fourth, 
fifth, and sixth magnitudes. The different classes 
of magnitudes are intended to express their appa- 
rent brightness. The brightest stars are said to 
be of the first magnitude; those which appear 
next in brightness, or inferior to the. first, are 
classed in the second magnitude; and so on down 
to the sixth magnitude, which comprises the 
smallest stars visible to the naked eye in the clear- 
est night; though there are but few eyes that. can 
distinguish those which belong to the sixth mag- 
uitude. All the stars beyond these limits come 
under the general denomination of Telescopic 
tars; and with the most powerful telescopes, 
stars may be perceived of all classes, from the 
sixth to the sixteenth order of magnitudes. 
Every increase in the power of these instruments 
brings into view innumerable multitudes of those 
orbs which were before invisible, so that no defi- 
nite limits can he assigned to the apparent bright- 
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Names, je sire 4 No. of Stars... , Principal Stars 
Ayis Muscat Australise vi. ese suet) “a 
Triangulum Australist [South Triangle] ....... 9 5 * 
Piscis Volanst—the Flying Fish .......... AEORS ieee 3 y a 
Chameleon} [mearthe S."Pole] ee eo. 10 ; " 
Doradot—the Sword Fish .,............... a re 
Toucant—the American Goose ............... 9 
Hydrust—the Water Snake .......... onesie 10 
Sextans—the Sextant [S. of Leo] .......0..... 41 
Monoceros—the Unicorn .......... AAIDISSINY Rules 
CHO xeoWOrOss occu tact cote ce cle te 6 
Dene MSCMI ALOT SUD Paras cee s esse cr secs ce «oye oes * 
Circinus t—The Compasses .............. cep pees 
Brandenburgium Sceptrum [S. W. of Orion] ... 6 
PMMUleUs PICLOFUS CT avses beet te bees eee 8 
PUM CCHOUUCA ee ttn ces he nes eee Ty 
Horologium}—theClock ............ Meccaaer Te 
Mons Mensat—the Table Mountain ........... 30 
Machina Pneumatica—the Air Pump .......... 24. 
Noma, or Euclid’s Square .......... HIS SE 1 
Octans Hadleianusj—Hadley’s Octant ......... 43 
Pyxis Nautica—Mariner’s.Compass ........... 8 
Reticula Rhomboidalist wo... 88 ASCO eH 10 
Telescopium}t—the Telescope ............. Bib 9 
Sculptoriot—the Engraver’s Tools ........... Ai sh dt 
Microscopium—the Microscope ............06 10 
Total number of stars in the Southern 
Copsigiailons s:cdesea es cers use os ee : 1027 
ZODIACAL CONSTELLATIONS. 
Name. No. of Stars. Principal Stars. 
AN IGS——ANO HEL OI spores love esoranaio vant ierans sieieyBheiSiayscevaiels? CADP “una = area eaese enlace @, viotise a. 
Taurus=—the Bull coats raiaiaieeiesnicloyalsisiecs fie 0 seats Wa Ws ccaenacololaveenisiets ... Aldebaran, 1; Pleiades. 
Gemini—the Twins ........... maa henmusitec opal Sas, aust Peco Diues av akshaibicinints ... Castor, 1; Pollux, 1. 
Cancer—the Crab .....:.-ce00ce08 Re OC eS 83 os <imle sours cabo «ep Ubetise: 3: 
Leo—the Lion ........ Renee See See eo POMS BS | WI a Ge «..- Regulus, 1; Denebola, 2. 
Virgo—the Virgin .......... Hebi pseeaelee he: dll Oxdeanseaneie o1ei6is eapieec ao plcae Vareinig, 1. 
Libra—the Balance ........... ecierth sabe AS ne hy PRES seeeeeees.. Aubeneschamale, 2. 
Scorpio—the Scorpion ....... I BS MARR PU RR ate nee Se Antares, 1. 
Sagittarius—the Archer ........ sickae biisibiels Blade at baled 
Capricornus—the Goat .......-s0.eeee- pisieletae Wine 
Aquarius—the Water Bearer ......... Mereciplett «+ RUS ais special ans aii Scheat, 3. 
Pisces—the Fishes ........-.+00.  dpepbistere'eseeo itt. LO 
pees « 
Total number of stars in the Zodiac ......... 1016 
Total number of stars in all the Constellations x malabesphalale'n 'esacnieun 3487 


ness or magnitude of the stars. This classifica-- 
tion into magnitudes, however, as it is entirely 
arbitrary, so it is extremely indefinite, and can 
convey no very accurate ideas even of their 
apparent brightness or intensity of light. This 
consideration has led some eminent astronomers 
to endeavor to estimate the apparent brightness 
of each star by experiments made with the ph 
meter. Irom various experimental comparisons 
of this kind, the late Sir Wm. Herschel deduced 
the following conclusions: 


Magnitude. 

Light of a star of the average Ist - = 100 
Qd - = 29 
3d) Se ewTD 
4th - — 6 
Sth - = 2 
6th - = 1 


So that the light of a star of the second magni- 
tude is one-fourth of that of a star of the first 
magnitude; the light of one of the third, one- 
eighth; of the fourth, one-sixteenth; of the fifth, 
one-fiftieth; and of the sixth, only one-hundredth 
part. Sir John Herschel informs us that, from his 
own experiments, he has found that the light of 


#; 
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Sirwus, the brightest of all the fixed stars, is about | 


magnitude. 


iy times that of an average star of the sixth 


¥ 


_ It may be proper to observe that the stars 
specified in the statements inserted above are not 
all visible to the naked eye, nearly two-thirds of 
them being perceptible only by the telescope; but 
they are those stars whose latitudes and longitudes, 
and whose right ascensions and declinations, have, 
been accurately determined. They form only a 
very small proportion of those which are found 
to exist in the most distant regions of the firma- 
ment; for by powerful telescopes there have 
been explored, ina sinlge speck of the heavens, 
a number which far exceeds that of all the visible 
stars in the sky; and catalogues have been formed 
in modern times which comprise from fifty toa 
hundred thousand of these luminaries. 

The first astronomer, so far as we know, who 
attempted to take a catalogue of the stars, was 
Hipparchus of Rhodes, who flourished about 120 
years before Christ. Having observed a new star, 
which he had never seen before, he began to 
doubt whether there might not be changes occa- 
sionally taking place among these luminaries, and 
therefore commenced making a catalogue of them, 
noting down the position and magnitude of each 
star, with the view that, if any new stars should 
again appear, or any of those observed by him 
should increase or diminish in magnitude, or 
totally disappear, such changes might be known 
to those who should live in future ages. This 
wcatalogue, which was handed down to us by 
Ptolemy, an ancient Egyptian astronomer, has 
been of special use to modern astronomers, both 
in determining the rate of the precession of the 
equinoxes, and in proving that certain stars which 
then existed are no longer to be seen in the hea- 
vens ; thus indicating that changes and revolu- 
tions are taking’ place among the distant bodies 
of the universe. The catalogue of Hipparchus 
contained a description of the places of 1026 stars. 
The Arabians are the next whom history repre- 
sents as having attempted to form a descriptive 
catalogue of the stars. This was effected by 
Ulug Beigh, the grandson of Tamerlane, from his 
own observations made at Samarcand, whose 
catalogue contains 1022 stars. Tycho Brahe, the 
celebrated Danish astronomer, who lived in the 
sixteenth century, by means of the large and 
accurate instruments he invented, formed a cata- 
logue of 777 stars, which are considered as su- 
perior in correctness to those of Hipparchus and 
Ulug Beigh. He was prompted to this laborious 
undertaking by the sudden appearance of a new 
‘star in Cassiopeia in the year 1572, which shone 
with the brilliancy of Venus, and was visible even 

¥. noonday. Bayer soon after published a cata- 
- logue of 1160 stars, in which he introduced the 
practice of distinguishing the stars by the letters 
of the Greek alphabet. All the catalogues: now 
mentioned were formed before the telescope was 
invented, and contained nearly all the stars which 
could be perceived by the unassisted eye. Soon 
after the invention of the telescope, in the begin- 
ning of the seventeenth century, the celebrated 
Hevelius composed a catalogue of 1888 stars, of 
which 1553 were observed by himself, and their 
places computed for the year 1660. But some of 
our modern observers of the heavens have pub- 
lished catalogues which contain the positions of 
many thousands of stars beside multitudes of 
nebule, of various descriptions, double, triple, and 
quadruple stars, and various other celestial phe- 
momena. 


The division of the heavens into constellations, 
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and the names and figures by which they are 
distinguished, seem to have been of a very ancient 
date. Job, who is supposed to have lived in a 
period prior to that of Moses, refers to some of 
them by the same names which they still bear. 
“Canst thou bind the sweet influences of Pleiades” 
—or the seven stars,—“ or loose the bands of 
Orion?” that is, the belt of Orion, which consists 
of three equidistant stars in a straight line.— 
“Canst thou bring forth Mazzaroth in his season? 
or canst thou guide Arcturus with his sons?’ 
Arcturus is a bright star of the first magnitude 
in the constellation of Bootes, and is here put for 
the constellation itself. The expression “his 
sons” is supposed to refer to Asterion and Chara, 
the two Greyhounds, with which he seems to be 
pursuing the Great Bear around the North pole, 
in the diurnal revolution of the heavens. Maz- 
zaroth is generally supposed to refer to the twelve 
signs of the zodiac, which, by their appointed 
revolutions, produce the succession of day, and 
night, and the seasons of the year. In another 
part of this book, Job, when filled with profound 
reverence of the majesty of God, declares that 
He alone “spreadeth out the heavens, and maketh 
Arcturus, Orion, and the Chambers of the South.” 
The prophet Amos, who lived 800 years before 
the Christian era, alludes to the same objects in 
the fifth chapter of his prophesy—* Ye who turn 
judgment to wormwood, and leave off righteous- 
ness in the earth, seek him who maketh the seven 
stars and Orion, who turneth the shadow of death 
into morning, and maketh the day dark with 
night; that calleth for the waters of the sea, and 
poureth them out upon the face of the earth; the 
Lord of Hosts is his name.” 

The names of the constellations, and the hiero- 
glyphic figures by which they are represented, ap- 
pear, however, to have had their origin in super- 
stitions and idolatrous notions. ‘The Egyptians, 
it is well known, worshiped the host of heaven 
under the figures of most of the animals which 
represent the celestial constellations, particularly 
the signs of the Zodiac. They imagined the sun, 
which they called Osiris, to be a proper representa- 
tive of the Spirit of Nature, or the Supreme 
Being, who, like the sun, appears everywhere 
present, exercising his influence over the universe. 
The moon, as she receives her light from the sun, 
was looked upon as a female divinity, and called 
Isis;—which goddess was made to signify univer- 
sal nature consitlered as passive, and susceptible of 
various impressions, forms, and qualities —They 
found, orimagined they found, in various animals, 
some properties or qualities corresponding to the 
motions, appearances, or influences of the sun, 
moon, and stars. This induced them not only to 
use those animals in their hieroglyphic representa- 
tions of their deities, but also to pay them honors, 
Thus, by the Ram, a prolific animal, they represént- 
ed the genial, fertilizing influence of the sun in 
spring; and by the hot and furious Lion, his violent 
scorching heat in the summer; and the Bull was 
an emblem of the various powers of the sun in 
forwarding the business of agriculture, in which 
this animal was of particular service. As the 
overflowing of the Nile is particularly beneficial 
to the land of Egypt, and as that river was ob- 
served to begin to swell at the rising of Sirius, or 
the Dog Star, so they had a Spepiggi berstion for 
that orb, as if its divine influence had contributed 
to that fertility which was produced by the inun- 
dation of the Nile. That the Egyptians worshiped 
all the animals depicted on the Zodiac, and those 
which represent several of the other constella- 
tions, is proved by the testimony of several an- 
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cient authors, particularly Herodotus, who says 
that ‘in Egypt all sorts of beasts, whether wild 
or tame, were accounted as sacred, and received 
divine honors.’? And it is not improbable that 
this worship of the host of heaven, through the 
hieroglyphics of various animals, was a general 
ractice during the abode of the Children of 
srael in that country, and that the following 
admonition of Moses has a reference to this cir- 
cumstance :— Take heed lest ye corrupt your- 
selves and make you a graven image, the simili- 
tude of any figure, the likeness of any male or 
female, the likeness of any beast that is on the 
earth, the likeness of any fowl that flieth in the 
air, the likeness of anything that creepeth upon 
the ground, the likeness of any fish that is in the 
waters beneath the earth; and lest thou lift up 
thine eyes to heaven, and when thou seest the 
sun, and the moon, and the stars, even all the 
host of heaven, shouldst be driven to worship 
them and serve them, which the Lord thy God 
hath divided unto all nations under the whole 
heaven. But the Lord thy God hath taken you, 
and brought you forth out of the iron furnace, 
even out of Egypt.’ The reference here made 
to their being brought out of Egypt seems evi- 
dently intended to put the Israelites in mind of 
their deliverance from the idolatrous practices of 
the inhabitants of that country, as well as from 
the slavery to which they had been subjected, and 
consequently implies that the Egyptians indulged 
in the superstitious worship to which we have 
alluded. . 

As it is the practice of astronomers to denote 
the relative apparent magnitudes of stars in each 
constellation by the letters of the Greek alphabet, 
the whole of this alphabet is here inserted, that 
the unlearned reader may be enabled to distin- 
guish the different characters, and the order in 
which they follow each other. 

The first letter of the Greek Alphabet «, de- 
notes the largest or brighest star in each constel- 
lation. Thus, « Lyre is the brighteststar in the 
constellation of Lyra, or the Lyre; Lyra, the 
star next in brightness to alpha; and so on through- 
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out all the letters of the Greek alphabet. When 
the number of stars to be distinguished in any 


constellation is greater than the number of letters. 


in the Greek alphabet, astronomers have recourse 
to the letters of the English alphabet, and dis- 
tinguish the remaining stars, according to their 
apparent brilliancy, by the letters a, b, c, d, &c,; 
and if more stars still remain to be distinguished, 
they resort to numerals,—thus, a2, d4, &c. From 
this mode of distinguishing the apparent magni- 
tude of the stars, the reader will easily perceive that 
those stars which are distinguished by the first 
letters of the Greek alphabet are the largest in 
any particular constellation, while those which 
are marked with letters toward the close of the 
alphabet are among the smaller stars. 


GREEK ALPHABET, 


Greek Greek Roman 
Characters. Names. Capitals. Characters, 
a Alpha A a 
B Beta aes b 
y Gamma Tr g 
o Delta Gan d 
6 Epsilon E e, short 
é Zeta basre Ten oNes 
” Eta H e, long 
36 Theta e th 
t Tota if i 
x Kappa K k 
r Lambda A I 
b& Mu M m 
y Nu N i 
é Xi as x 
} Omicron oO @ 
wr Pi II P 
2 Rho Pp r 
as Sigma 33 8 
Tau T t 
v Upsilon Yr u 
? Phi ® ph 
x Chi x ch 
v Psi ¥ ps 
® Omega a o, long 


CHAPTER III. 


ON THE PROPRIETY OF ADOPTING A MORE NATURAL ARRANGEMENT AND 
DELINEATION OF THE STARRY GROUPS. 


Tur figures of the celestial constellations to 
which we have now adverted are still depicted in 
our celestial globes and planispheres, and present, 
in my opinion, a very awkward and unnatural 
representation of the starry heavens. It is rather 
a strange circumstance, that for a period of more 
than two thousand years the firmament has been 
contemplated, and the arrangements of the bodies 
it contains studied, through the medium of bears, 
serpents, lizards, rams, whales, centaurs, dolphins, 
flying-horses, three-headed dogs, hydras, dragons, 
and many other grotesque and incongruous 
figures. ‘The sublime wonders of the evening 
sky have thus been associated with a group of 
mean, ridiculous, and imaginary objects, of which 
we have scarcely any prototype in nature, and in 


which there is not the least shadow of a resem- | 





%, 


blance to the objects they are intended to repre- 
sent. When the young student of astronomy 
wishes to distinguish particular assemblages of 
suns and systems of worlds, he is required to 
connect them in his imagination with wolves, 
lions, snakes, and numerous fantastical figures, 
which are bent and twisted into unnatural shapes, 
which have as little resemblance to the objects in 
the heavens as the gloom of midnight to the 
splendors of the meridian sun. Such representa- 
tions have a tendency to convey to juvenile 
minds a mean idea of the most august bodies in 
nature, and of the ample spaces which surround 
them, aud in which they perform their revo- 
lutions. * 
The terms used in any science, the mode of 
communicating its instructions, and the delinea- 
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ries which have been made in the course of ages, 
and to the present state and objects of that 
science; and unless we can show that the terms 
and figures to which I allude are the best calcu- 
lated to the present state and objects of astrono- 
mical science, and fitted to‘assist the student in 
forming natural and correct ideas of the arrange- 
ment of the celestial orbs, it is expedient that 
some change and improvement in this respect 
should be adopted, in accordance with the new 
modifications and arrangements which have been 
introduced into other departivients of science. 
The propriety of introducing some changes in 
delineating the constellations, and in their nomen- 
clature may perhaps appear from the following 
considerations: 
l. The natural and hieroglyphic figures now 
in use have no resemblance to the groups of stars 
they are intended to represent. What resem- 
blance, for example, exists between an eagle, a 
wolf, a centaur, a flying-fish, or Hercules with 
his club—and the constellations which bear their 
names and are attempted to be delineated by their 
figures?) Even when imagination has stretched 
itself to the utmost in order to fancy a resem- 
blance, it is obliged to represent such creatures in 
the most unnatural positions; and after all, it is 
found impossible to bend and twist their wings, 
and legs, and tails, and claws, in such a manner 
as to take in all the stars in the group, some pretty 
conspicuous ones being still left unformed in the 
intermediate spaces. Beside, the discovery of new 
stars by the telescope has now completely de- 
ranged the figures of the ancient constellations; 
so that however much the legs, arms, and feet of 
the figures may be twisted, they cannot be made 
to coincide with hundreds of stars which are 
known to exist. The only constellations which 
may be said to bear a very rude resemblance to 
the natural figures are Orion and Ursa Major; but 
even in these the resemblance is very distant. 
Hence what is commonly called a bear is also 
conceived to resemble a plow and a wagon, and is, 
by the vulgar, distinguished by these names. 
Hence, also, different nations represent the same 
constellation by different figures:—thus, instead 
of our hieroglyphic delineations, the Hindoos 
have bespattered the firmament with bedsteads, 
dogs’ tails, ear-rings, couches, elephants’ teeth, 
cats’ claws, red saffron, children’s pencils, lions’ 
tails, festoons, wheels, razors, pieces of coral, 
pearls, and other whimsical objects equally appro- 
priate.* 
In a judicious comparison of the figures of the 
different clusters of stars with any other object, 
a the purpose of a name or reference, the figure 

the particular cluster ought first to be accu- 
rately considered, and then an object, having as 
near a relation to it as possible, should be fixed 
upon as its representation. But an order exactly 
the reverse of this seems to have been adopted by 
the ancients in their arrangement and nomencla- 
ture of the constellations. They first fixed upon 
the heroes, animals, and mythological figures 
which they intended to place in the celestial 
vault; and then attempted, if possible, to bend the 
clusters of stars to correspond with them—a most 
absurd, unscientific and unnatural procedure. 
And shall all succeeding astronomers in every 
nation tacitly give their approbation of such rude 
and injudicious arrangements, as if they were 


Bos viet to be accommodated to the discove- 





*See “Asiatic Researches,” Vol. ii, Art. 16—Antiquity 
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tions which such instructions require, ought unqualified for forming 8 more scientific and defi- 


nite outline of the sublime spaces of the firma 
ment? — igor Af BO 

2. The figures now in use tend to convey a 
‘mean idea of the objects they are intended to 
represent. When the stars were considered as 
merely a number of tapers or studs fixed in the 
vault of heaven, solely for the purpose of shedding 
a few glimmering rays-on the earth and adorning 
the canopy of our habitation, it might not appear 
quite so incongruous to represent their different 
groups by “corruptible men, and birds, and four- 
footed beasts, and ereeping things.’? But now 
that the astronomer views the stars as so many 
suns and systems of worlds, dispersed through 
the immensity of space, the association of such 
august objects with representations so silly and 
whimsical as the mythological figures delineated 
on our globes, produces not only a ludicrous 
effect by the greatness of the contrast, but for the 
same reason, tends to lessen the idea of sublimity 
which naturally strikes the mind on the contem- 
plation of such a stupendous scene. Every one 
knows how much things great and noble are 
debased by being placed in intimate connection 
with little and ignoble objects, and must feel the 
force of this association in the following lines of 
Hudibras: : 


«And now had Phebus in the lap 
Of Thetis taken out his nap; 
And like a lobster boil’d, the morn, 
From black to red began to turn.” 


BN a! ina 


Again— 


“Cardan believed great states depend 
Upon the tip of the Bear’s tail’s end; 
That as she whisk’d it toward the sun, 
Strew’d mighty empires up and down.” 


Again— 


*©Who made the Balance, and whence came 
The Bull, the Lion, and the Ram? 
Did not we hear the Argo rig? 
Wake Berenice’s Periwig? 
Whose livery does the Coachman wear? 
Or who inade Cassiopeia’s chair? 
And therefore as they:came from hence, 
With us may hold intelligence.” 


Such an effect the celestial hieroglyphies have 
a tendency to produce, when placed in association 
with the august objects of the sky. 

3. They tend to lead us back to the dark and 
rude ages of the world, and to familiarize our 
minds to those crude, chimerical, and absurd con- 
ceptions which ought now to descend into obli- 
vion.. The signs of the zodiac and most of the 
other constellations were invented by the Egyp- 
tians or Chaldeans to perpetuate the memory of 
some of their rude and barbarous heroes, to assist 
them in their absurd and idolatrous worship, or 
to serve the foolish and impious pretensions of 
astrology. In neither of these respects can the 
celestial hieroglyphics be interesting or instructive 





to the modern student of astronomical science; 
but they are, in almost every point of -view, asso- 
ciated with opinions, practices, and representa- 
tions, which deserve the most marked reprobation; 
they also distract the attention by turning it aside 
from the direct objects of the science to the in- 
vestigation of their fabulous history. How ridien- 
lous the story of Calisto and her son Arces, whom 
the rage of Juno turned into bears, which now cir- 
culate about the north pole!—the story of Medusa, 
whose golden hair Minerva turned into snakes, and 
of the winged horse which sprang from the’ blood 
which gushed out in striking off Medusa’s head!— 
tha stare af Orian. whawes vroduced from the hide 
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of an ox moistened with wine!—the story of the 
Dragon which guarded the golden apples in the 
garden of the Hesperides, and was taken up to 
heaven and made a constellation on account of his 
faithful services!—the story of Andromeda, of the 
Swan, of Perseus,and a hundred others of a simi- 
lar description! = 

Such is the heaven of the pagans—a common 
receptacle of all ranks of creatures, real and ima- 
ginary, without distinction or order; a wild ‘mis- 
cellany of everything that is false, grotesque, 
and chimerical. Such fantastical groups, which 
occupy the “houses of the Zodiac,” and other 
compartments of the sky, may comport with the 
degrading arts of the astrologer, but they are not 
only incompetent to the purposes, but completely 
repugnant to the noble elevation of modern astro- 
nomical science. How incongruous, then, is it 
that such representations,the wildest hallucinations 
_ of the human mind, should be blazoned in such 
brilliant colors upon our globes, and that a consid- 
erable portion of our astronomical treatises should 
be occupied in detailing their mythological history? 
Because a few shepherds in the plains of Babylon, 
or on the banks of the Nile, arranged and delineat- 
ed the heavens according to the first crude con- 
ceptions which arose in their minds, are these 
chimerical representations to guide the astrono- 
mers of every nation, and throughout all succeed- 
ing generations? It becomes the astronomers. of 
the present day to consider, whether they intend 
to transmit to the enlightened generations of the 
twentieth or thirtieth centuries the sublime dis- 
coveries of modern times, which have transforrned 
the heavens into an immense assemblage of suns 
and worlds,—incorporated and disfigured with 
hydras, gorgons, flying-horses, three-headed dogs, 
and other ‘‘dire chimeras;’’? or whether they 
might not be as well qualified as the shepherds of 
Chaldea to reduce the starry groups, in the concave 
of the firmament, to a more natural, simple, and 
scientific arrangement. ; 

4, The constellations, as presently depicted on 
our globes and planispheres, convey an unnatural 
and complex representation of the heavens, which 


tends to confuse the imagination of the juvenile 


student. On some celestial globes which I have 
inspected, the natural and hieroglyphic figures are 
so prominently engraved, and the colors with 
which they are bespattered so deep and vivid, that 
the stars, appeared not only as a secondary ob- 
ject, but were almost invisible, except on a very 
minute inspection. ‘The animals were so nicely 
drawn, and exhibited such a glare of variegated 
colors, that the sphere appeared moredike a young 
miss’s plaything than a delineation of the starry 
heavens. It seems asif the engraver had been 
afraid lest his pretty little dogs, and serpents, and 
scorpions, and flying-horses, and crabs, and liz- 
ards, should have been disfigured by the radiated 
groups of stars which spotted the pretty creatures; 
and therefore he threw them into the shade, in 
order that the artificial globe, which a late philoso- 
pher calls “a philosophic toy,” might prove no- 
thing more to the fair one, who occasionally twirl- 
ed it round its axis, than a beautifully-colored 
ball to fill up a niche in her parlor or bed-room. 
The same thing appears in many of our planis- 
pheres of the heavens, on the first opening of 
which one would imagine he was about to inspect 
the figures connected with the natural history of 
animals, or the fantastical representations illustra- 
tive of the system of pagan mythology. What- 
ever may be said of the utility of such delineations 
itis evident they present a very awkward and un- 
natural representation of the beautiful and varie- 
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gated scenery of a starry sky; and hence it is that 
a young person who wishes to acquire a general 
knowledge of the positions of the principal stars 
finds it extremely difficult to recognize them by 
our present maps and planispheres, on account of 
their being so much interwoven with extraneous 


'| objects, and on thisaccount, presenting appearances 


so very different from what they do in the heavens. 
For these and many other reasons, it appears 
expedient that some change or * modification 


should be adopted in the arrangement and deline- 


ation of the celestial orbs. Were any scheme of 
this kind ‘attempted, it would be proper to proceed 
on the following principle, among others—name- 
ly, to give names to the starry groups from objects 
which bear the nearest resemblance to the actual 
figures which appear in the heavens. 1 shall not 
presume at present to determine what are the 
particular objects which might be selected for 
representing the constellations; as it would re- 
quire a combination of astronomors to enter par- 
ticularly into the discussion. It is evident, how- 
ever, that a number of clusters might be reduced 
to mathematical figures and diagrams; and in so far 
as these were found to resemble the starry groups 
they would form a natural representation. » For 
there actually appear in the heaven—triangles, 
squares, parallelograms, pentagons, crosses, trape- 
ziums, perpendicular and parallel lines, and va- 
rious combinations of geometrical schemes, some 
of which might be selected for the purpose propo- 
sed. It would 'be expedient that as many as: pos- 
sible of the old constellations should be preserved 
entire; such\.as Orion, Ursa: Major, and others; 
and that those which behooyed to be somewhat 
deranged. should be so divided as‘that two or more 
of the’ new-formed constellations should exact- 
ly correspond to one of the old, and vicecversa. 

To any’ proposal of this kind, however,-I am 
aware that many objections would be raise 





sed, par- 
ticularly that it. would. introduce deitediea.in to 
the scienee of astronomy, especially, when refer- 
ences are made to ancient catalogues and observa- 
tions. Itis well known however that a similar 
difficulty has been’ overcome in reference to the 
science of chemistry. The new nomenclature, 
which was intended. to express, the nature of the 
substance by the name which is attached to it, 
though at first scouted by many eminent’ chemists 
and philosophers, is now, universally adopted, and 
has introduced both simplicity and precision into 
the science. ‘The same may. be‘said of the depart- 
ments of geology, botany, zoology, mineralogy, 
and meteorology. ‘The principle now proposed in 
reference {to the constellations is materially the 
same as that which led to the adoption of a new 
chemical nomenclature; and, with regard to the 
inconveniences attending a new sct of terms, it 
may, be observed, in the words of M. Bergman, 
that “those who are already possessed of know- 
ledge cannot be deprived of it by new terms; and 
those who have their knowledge to acquire will be 
enabled, by an improvement in the language of 
the science, to acquire it sooner.” 

The opposition, however, which is generally 
made to every innovation, whether in science or 
religion, the high respect in which everything is 
held which has the sanction of antiquity, the dif- 
ficulty of forming such an arrangement as would 
combine simplicity with accuracy, and meet the 
approbation of astronomers, will probably post- 
pone the attempt to some distant period. I would 
therefore propose, in the meantime, as matters 
now stand, one or other of the following plans 
for adoption:—l. That the stars be depicted on 
cclestial globes and planispheres in their true po- 
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sitions, and apparent magnitudes, without. being 
connected with any hieroglyphic. delineations; 
the different constellations still retaining their 
former names. By this plan, the differont clusters, 
not being encumbered and buried, as it were, in a 
medley of grotesque and extraneous representa- 
tions, would appear in their natural simplicity, 
without distortion and confusion, so that the 
globe, being rectified to any particular position of 
the heavens, would appear a natural as well as 
accurate representation of the corresponding ‘orbs 
of the firmament. ‘To distinguish the bounda- 
ries of the constellations, a dotted line might be 
drawn around them, and each of them receive a 
very slight tint of coloring, so that their shape 
and limits may be distinguished at a glance. Or, 
2. Instead of engraving the stars on a white 
ground, as isalways done on the globes, let them 
be engraved on a black or a dark-blue ground, so 
that the several stars may appear as so many 
white specks, varying in size according to their 
apparent magnitudes, with a white border (which 
might be colored if deemed expedient) around 
each constellation, to mark its boundaries. On 
this plan the principal stars in the constellation 
Orion, with its boundary, would appear nearly as 
represented in the following cut. 


Fig.4. 


North. 


West. 





This mode of delineation would exhibit the 
most natural representation which can be made, 
on a convex surface, of the appearance of the 
starry sky. Iam fully persuaded that globes, with 
either of these modes of delineation, particularly 
the last, would be prized by a numerous class of 
individuals; as I have seldom conversed with any 
person on this subject who would not have pre- 
ferred such a simple and natural delineation to 
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those which are bespattered with the mythological 
figures. Should it, however, be deemed necessary, 
in cases of particular and minute reference, to 
have globes and planispheres on the common 
plan, a nnmber of delineations of both kinds might 
be.engraved to suit the taste of different individuals; 
and those to whom money is no great object 
would furnish themselves with one of each de- 
scription, so that the one globe would prove a mu- 
tual assistance to the other.* 

That the opinions I have now expressed on 
this subject are not altogether singular will ap- 
pear from the following extract from Sir J. Her- 
schel’s “ Astronomy.” ‘Of course we do not here 
speak of those uncouth figures and outlines of 
men apd monsters which are usually scribbled 
over celestial globes and maps, in a rude and 
barbarous way, to enable us to talk of groups of 
stars, or districts in the heavens, by names which, 
though absurd or puerile in their origin, it would 
be difficult to dislodge them. In so far as they 
have really any slight resemblance to the figures 
called up in imagination by a view of the more 
splendid ‘constellations,’ they have a certain 
convenience; but as they are otherwise entirely 
arbitrary, and correspond to no natural subdivi- 
sions or groupings of the stars, astronomers treat 
them lightly, or altogether disregard them, except 
for briefly naming particularstars,as 2 Leonis, @ 
Scorpio, &c., by letters of the Greek alphabet 
attached to them.” And again,—* This disregard 
is neither supercilicus nor causeless. The con- 
stellations seem to have been almost purposely 
named and delineated to cause as much confu- 
sion and inconvenience as possible. Innumera- 
ble snakes twine through long and contorted 
areas of the heavens, where no memory can 
follow them,; bears, lions and fishes, large and 
small, northern and southern, confuse all nomen- 
clature, &c. A better system of constellations 
might have. been a material help as an artificial 
memory.’’+ 





* The above remarks are abridged from two papers on this 
subject, which the author communicated twenty years ago 
to the London ** Monthly Magazine” for October, 1818, and 
January, 1819, Vol. 46, pp. 261, and 500. 

+ Since the above was written in April, 1838, I am happy 
to jearn that the “British Association for the advancement of 
Science” has had its attention directed to this subject. At 
the meeting at New-Castle in August, 1838, it was resolved 
“That it is desirable that a revision of the nomenclature 
of the stars should be made, with a view to ascertain 
whether or not a more correct distribution of them among 
the present constellations, or such other constellations as it 
may be considered desirable to adopt, may be formed”? At 
the meeting at Birmingham, August, 1839, the committee 
appointed to report on this subject stated, “That some pro- 
gress has been made in reforming the nomenclature of the 
northern constellations; and that the stars in the southern 
have been commenced laying down on a planisphere, accor- 
ding to their observed actual magnitudes,for the purpose of 
grouping them in a more convenient and advantageous man- 
ner.” It is hoped, therefore, that we shall soon be presented 
with an arrangement and nomenclature of the starry groups 
accordant with the sublime conceptions and discoveries of 
modern astronomy, and which shall present, on our globes 
and planispheres, a more perspicuous and natural represen- 
tation of the heavens, 


CHAPTER 


EY. 


ON THE DISTANCES OF THE STARS. 


To measure the length and breadth of an ex- 
tensive kingdom, and to compute its dimensions, 
or to determine the distances between two large 
islands or continents, was formerly reckoned an 
achievement of considerable magnitude; but to 
measure the whole earth, to compute its area, and 
to determine its exact figure and magnitude, were 
considered as the most astonishing enterprises 
ever attempted by man, and almost beyond the 
reach of the powers with which he is endowed. 
Confined toa small spot in the world in which 
he dwells, having no scale of measurement, ‘in 
the first instance, but his own dimensions, or the 
length of a rod or chain formed from these dimen- 
sions, how can he measure spaces hundreds of 
times greater than the extent of his.whole visible 
horizon? how can he compute the distance and 
dimensions of places which he has never visited, 
and some of which he never can visit, and em- 
brace the whole amplitude of a world which has 
never been thoroughly explored? The hight of 
his body is but a fathom, and the length of his 
chain but a score of fathoms, and such measures 
dwindle into mere points when compared with 
the dimensions of the earth. Hence it happened 
that many ages elapsed before the figure and 
dimensions of the world in which we dwell were 
nearly ascertained. The powers of the human 
mind, however, when called into action and 
properly exercised, are not only capable of such 
enterprises, but adequate to the performance of 
still more elevated achievements. When the 
mind of man is determined on the pursuit of 
knowledge, and bent upon improvement, difficul- 
ties, however great, only serve as incitants to 
action and perseverance, and to stimulate his 
energies to their highest pitch of exertion. He 
multiplies small measures until he arrives at 
greater; he combines units into tens, tens into 
hundreds, hundreds into thousands, and thousands 
into millions. He combines lines into angles, 
angles into triangles; compares triangles, squares, 
and circles together; ascertains their peculiar 
properties and relations; and, from the conclu- 
sions he deduces, constructs instruments and as- 
certains principles which enable him not only to 
measure the dimensions of this lower world, but 
the magnitudesand distances of the globes which 
roll around him in the heavens. 

There is no saying at what point the human 
faculties wiil stop when once they are aroused to 
active operation, and stimulated to exert all their 
energies. We have not only ascertained the 
bulk of the terraqueous globe, its spheroidal 
figure, its diurnal and annual motions, and the 
relation in which it stands to other bodies in the 
universe, but we have determined the dimensions 
of the solar system, and the distances and magni- 
tudes of most of the bodies it contains, so that 
we can now speak with as much certainty of the 
distance of the sun, or of Jupiter and Saturn, as 
we can do of the distance of London from Paris, 
or of the distances of any two places on the sur- 
face of the earth. This is an achievement which 
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at first view might have appeared beyond the 
power of human genius to accomplish; but by 
the unwearied observations of modern astrono- 
mers, and the application of mathematical princi- 
ples to such observations, they have been enabled 
to trace the exact movements of the machinery 
which is in operation around us, and to determine 
with precision the relative distance and position 
of every planet within the system of the sun. 
There are limits, however, beyond which it is ciffi- 
cult for the human faculties to penetrate. The 
planetary system comprises an area so vast that 
imagination is almost lost in the conception, A 
circle drawn around its circumference would 
measure more than eleven thousand millions of 
miles; and a body moving at the rate of thirty 
miles an hour would require above forty-two 
thousand years to complete the circuit; still these 
vast dimensions are within the limits of measura- 
ble distance. But when we attempt to pass be- 
yond the boundaries of this system into the 
illimitable spaces which lie beyond, all our usual 
modes of computation begin to fail, and the mind 
is overpowered and bewildered amidst boundless 
space, and the multiplicity of orbs which fill'the 
regions of immensity. We can_tell that some of 
the nearest of these orbs are not within a certain 
distance, but how far they may lie beyond it the 
most expert astronomer has never yet been able 
to compute. 

The principal mode by which the distance of 
the fixed stars has been attempted to be deter- 
mined is by endeavoring to ascertain whether any 
of them have an annual parallax. I have al- 
ready explained the mode by which the distances 
of the sun, moon, and planets is determined by 
means of the horizontal parallax, or the angle 
under which the earth’s semi-diameter is seen at 
any of these bodies.* But such a mode is alto- 
gether inapplicable to the fixed stars, whose dis- 
tances from the earth is so great that the horizon- 
tal parallax is quite imperceptible. Astronomers 
have therefore attempted to find a parallax by 
using the whole diameter of the earth’s annual 
orbit as a base line,—namely, one hundred and 
ninety millions of miles,—and endeavoring to 
ascertain whether any of the fixed stars appear 
to shift their position when viewed from the op- 
posite extremities of this line. The nature and 
mode of this investigation will appear from the 
following explanations: 

The axis of the earth extended, being carried 
parallel to itself during its annual revolution 
round the sun, describes a circle in the sphere of 
the fixed stars equal to the orbit of the earth. 
Thus (fig. 5), let A BC D be the orbit of the 
earth, S the sun, the dotted lines the axis of the 
earth extended; this axis, when the earth is at A, 
points at @ in the sphere of the heavens; when 
the earth is at B, it points at 6; when at OC, it 
points at ¢; and when at D, it points at d; so that 
in the course of a year it describes the circle a b 








* « Celestial Scenery,” pp. 110, 111. 
(27 ) 


8 SIDEREAL 

in the sphere of the heavens, equal to the 
it B oD. But although the orbit of the 
earth, and consequently the circle a 6 c d, be im- 
mensely large, no less than many millions of miles 
in diameter, yet itis but a point in comparison 
of the boundless sphere of the heavens. The 
angle under which it appears to an inhabitant of 
the earth is insensible by any instruments or 
observations that have hitherto been made, and 
therefore the celestial poles appear in the same 
points of the heavens during the whole of the 
earth’s annual course. The star H is nearer the 
point @ than it is to the point.c by the whole 
length of the line ac, yet if this line a@ c, great 
as it is when viewed from the earth, should occu- 
py no sensible space in the sphere of the heavens, 
the star will appear at the same distance from the 
pole throughout every portion of the annual revo- 
lution, and consequently will have no parallax,— 
which is found tobe the fact. 

If the annual parallax of a fixed star were sen- 
sible, the star would appear to change its place so 
as to describe a small ellipsis in the sphere of the 
heavens in the course of a year, or an annual 
revolution of the earth. Thus, let G HE F I 
(fig. 6) be the orbit of the earth, and K the star 
to be observed,—if we imagine a straight line to 
be drawn from the earth at G through the star to 
a point in the heavens, as ati, that visual line G 
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i being carried along with the earth in its annual 
motion, will describe the ellipse hm i; in other 
words, the motion of the earth round its orbit 
G E F I will make the star appear to go round 
the ellipseh ni. If the star K were in the pole 
of the ecliptic, the ellipse it described would have 
the same eccentricity as the orbit of the earth, 
and consequently would differ very little froma 
circle; if it were at any distance from the pole 
of the ecliptic,* the greater that distance, the 
more oblong would be the ellipse. If the star 
were in the plane of the ecliptic, the ellipse would 
become a straight line, as th, in which the star 








*The pole of the ellipse is that point in the heavens 
which is farthest distant from the plane of the earth’s orbit, 
or 90° from every part of ; 
the point distant 90° from the equator, 
circle is a point on the snrface of the sphere 90° distant 
from every part of that circle of which itis the pole, 


it, as the north pole of the earth is | 
The pole of any | 
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would appear to move one-half of the year accor- 
ding to the order of the signs, and contrary to the 
order of the signs during the other half,—some- 
what similar to the appearance which the moons 
of Jupiter present when moving between the 
opposite points of their orbits. If therefore the 
stars were at a moderate distance from the earth, 
so that the diameter of the earth’s orbit, G F, 
bore a sensible proportion to that distance, the 
star would be found at one time of the year, sup- 
pose the month of December, at the point 7, and 
at the opposite season, in the month of June, at 
the point A; and if the angle 7 K h, which is equal 
to the angle G K F could be found, it would con- 
stitute what is termed the annual parallax; and 
having obtained this parallax, and knowing the 
extent of the base line G F’, or the diameter of 
the earth’s orbit, the distance of the stars whose 
parallax was ascertained could then be determined 
by an easy process in trigonometry; for as radius: 
is to the sine of the anglei Kh =G K F::s0 
is the diameter of the orbit of the earth, 190,000,- 
000 of miles: to a fourth number, which would 
express the distance of the particular stars from 
our globe. 

But this angle, in respect to any of the stars, 
has never yet been ascertained; although astrono- 
mers for more than a century past have used the 
most accurate instruments which ingenuity could 


| contrive, and the most unwearied observations in 


order to determine it. 

Galileo appears to have been the first who 
thought of trying whether the annual parallax of 
the stars were discoverable. Taking for granted 
that the stars are placed at different distances 
from the earth, and that those stars which are 
nearest will appear the largest, he suggested that, 
by observing with a telescope two stars very near 
each other, one of the greatest and the other of 
the least magnitude, their apparent distance from 
each other might perhaps be found to vary as they 
were viewed from different parts of the earth’s 
orbit at different times of the year; but no change 
of position whatever was at that period perceived. 

If any change of this kind were perceptible, it 
behooved to be a change either in the longitude or 
latitude gine stars fixed upon as the subject for 
observation, These are found, not directly, but 
by first determining their declination and right 
ascension. The declination of a star is found by 
taking its meridian altitude, and subtracting the 
hight of the equator; the right ascension is found 
by the time of its coming to the meridian.* We 
have thus two methods pointed out of attempting 
to determine the annual parallax of the stars: one, 
by observing if any change can be discovered in 
the meridian altitudes of the same star at different 
times of the year; the other, by examining 
whether the intervals of time between any two 
stars coming to the meridian are equal through- 
out the year. If there be any sensible change 
of declination in any of the stars, it must be 
greatest in those which are near the poles of tha 
ecliptic; but the change of right ascension must 
be greatest in stars in the solstitial colure, and 
nearest the pole of the equinoctial, 





_* The latitude of a star is its distanee from the ecliptic, 
either north or south, counted toward the pole of the eclip- 
tic. Its longitude is its distance from the first point of Aries, 
reckoned eastward on the ecliptic. The declination of a 
Star is its distance from the equinoctial north or south, and 
the greatest. declination it ean have is 90°, Its right ascen- 
ston is its distance from the first point of Aries, reckoned on 
the equinoctial eastward round the sphere of the heavens 
or that degree of the equinoctial which comes to the meri- 
dian with the star By the right ascension and declination 
the situation of stars in the heavens is determined, as that 
of places on the earth by longitude and latitude, 
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The following is the plan by which the disco- 
very of the annual parallax, by the change of the 
declination of the stars, may be attempted. Leta 
telescope be placed perpendicular to the horizon, 
and through this instrument, when, accurately 
adjusted, observe some star in or near the solsti- 
tial colure,* which passes through the zenith, or 
“-wery near it. If the parallax of the star be sen- 
sible, there will appear a difference in its altitudes 
at different periods of the year, and its altitudes 
at the two solstices} will differ most from each 
other. In the month of June a star that passes 
through the zenith of any place, in north latitude, 
will in December pass south of the zenith, and a 
star that in’ December passes through the zenith 
will in June pass to the north of it, if there be 
any sensible parallax. 

The celebrated Dr. Robert Hook was among 
the first who suggested this method of attempting 
to find the parallax ‘of the stars. In the year 
1669. he endeavored to put it in practice at Gre- 
sham College, with a telescope thirty-six feet in 
length. His observation was made on the 6th of 
July, on the bright star in ‘the head of Draco 
marked Gamma. On that day it passed 2’ 12” 
north of the zenith. On July 9th it passed at the 
same distance as before. On the 6th of August 
the star passed north of the zenith 2’ 6”, and 
on the 21st of October it passed 1’ 48” north of 
the zenith. But at that period astronomical in- 
struments were not constructed with such accu- 
racy as to enable the observer to determine with 
precision the quantity of so small angles; and 
even Dr. Hook himself could place no great reli- 
ance on such observations.. In the year 1689, 
Flamstead, the astronomer royal, commenced 
similar observations with an instrument adapted 
“ refracting telescope seven-feet long, and, 
after numerous observations, he supposed that he 
found the pole-star nearer the pole in December 
than in the months of April, May, July, August, 
or September; and that its apparent distance from 
the, pole was greater in April than in September, 
and greater in July and May than in April; and 
from the whole of his observations he deduced 
that its apparent distance from the pole in June 
must be forty-six seconds different fi that in 
December. But even Flamstead himself speaks 
of these observations with a great deal of diffi- 
dence, owing to his doubts about the regular diyi- 
sions of his instruments. 

From these observations of Hook and Flam- 
stead, supposing them to be nearly correct, Mr. 
Whiston computed that the greatest annual paral- 
lax of a star in the pole of the ecliptic is forty- 
seven seconds; and hence he calculated the 
distance of such stars to be about 9000 ‘semidia- 
meters of the earth’s orbil, then estimated at 
eighty millions of miles, or about 700,000,000,000, 
that is seven hundred thousand millions of miles, 
—a distance so great that it would require a can- 
non ball, moving 500 miles an hour, more than 
160,000 years to move across this immense inter- 
val. But we have reason to believe that the 
distance of the nearest stars from our globe is at 
least forty times the distance now stated; for 





* The colures are two great circles passing through the 
poles of the world; one of them passes through the equinoc- 
tial points Aries and Libra, which is called the eqwinoctial 
colure; the other through the solstitial points Cancer and 
Capricorn called the solstitial colwre. They are drawn on 
all celestial globes and planispheres. 

¢ The solstitial points, or solstices, are where the ecliptic 
touches the first points of Cancer and Capricorn. The sum- 
ner solstice is on the Qlst of June; the winter solstice is on 
the 2ist of Dece nber. 











29 


modern astronomers would long since haye deter- 
mined the annual parallax had it been nearly so 
great as Hook and Flamstead supposed; nay, had 
it amounted to 2” instead of 47 this grand pro- 
blem, as it respects the nearest stars, would have 
been resolved. 
The human mind, when ardently engaged in 
the pursuit of any object, is seldom deterred by 
difficulties; and astronomers in particular, not- 
withstanding the intricacies and difficulties con- 
nected with many of the objects of their investi- 
gation, have persevered in their observations and 
researches, and have not unfrequently arrived at 
the most important and unexpected results. In 
the year 1725, Mr. Molyneux, doubtful’ of the 
accuracy of the observations of Hook and Flam- 
stead, began a series of observations, to ascertain, 
if possible, the true annual parallax. Assisted by 
Dr. Bradley, he placed a telescope of twenty-four 
feet long perpendicularly at his house at Kew, 
and began to-observe the same bright star in 
Draco as Hook had done. From the 3d of De- 
cember that year it was found that the star did 
not sensibly change its distance from the zenith 
for several days. On December 17th it passed a 
little more southerly, and continued gradually to 
pass more and more southerly at every transit 
over the meridian until the beginning of March, 
when it was found to pass twenty seconds more 
southerly than at the time of the first observation. 
About the middle of April it appeared to be’ re- 
turning toward the north, and at the beginning 
of June it passed the meridian ‘at the same dis- 
tance from the zenith as in December, when it 
was first observed. From that time it appeared 
more and more northerly at every transit until 
September following, being then twenty seconds 
more norikerly than in June, and no less than 
thirty-nine seconds more northerly than in March. 
From September the star returned toward the south 
until it arrived, in December, at the same situa- 
tion in which it was found a twelvemonth before. 


Fig. 7. 
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The result of these observations, so different 
from what was expected, was a matter of great 
surprise to the observers; for it appeared that the 
star was thirty-nine seconds more northerly in 
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September than in March, just the contrary to what 
it ought lo appear bythe annual parallax of the stars. 
This may be illustrated by the foregoing figure: 

Let A B CD represent the orbit of the earth, 
and A and C the place of the earth at two op- 
posite periods of the year; then a fixed object 
at E will be seen from the earth at A, in the line 
A E, which will point out its apparent place at G 
in the concave expanse of the sky. But at the op- 
posite period of the year it will be seen from the 
earth at C in the line C HZ, which will project its 
place in the heavens at #’; so that while the earth 
has passed from A to-C the object will appear to 
have moved from G to F’, through the space G F, 
provided there be any sensible parallax. Now, 
in the case of the observations stated above, the 
observers who in September saw the star at F’, did 
in March following observe it at K, in the right 
line A K, parallel to C F, and not at G, where it 
ought to have appeared by the parallactic motion; 
so that, instead of finding a parallax, they found 
a result directly opposite to what they expected, 
which exceedingly perplexed the observers, and 
one of them, Mr. Molyneux, died before the true 
cause of it was discovered. 

Some time afterward, Dr. Bradley repeated the 
same observations with an instrument of great ac- 
curacy, to which was appended a telescope twelve 
and a half feet long. With this instrument, 
which was so nicely adjusted thathe could depend 
upon it even to half a second, he continued his ob- 
servations for more than two years, not only on 
the bright star in Draco, above alluded to, but on 
many other stars, and always observed the same 
appearances and arrived at the same results. At 
last, after many reflections and conjectures on the 
subject, he arrived at the following conclusion— 
namely, that the phenomenon he had observed was 
owing to “the progressive motion of light, and 
the sensible proportion which its velocity bears to 
the velocity of the annual motion of the earth.’ 
In other words, that the motion of light, combined 
with the progressive motion of the earth in its orbit, 
causes the stars to be seen ina different position from 
what they would be if the eye were at rest. "This 
position, after it was explained and demonstrated, 
was considered as one of the most brilliant discov- 
eries which had been brought to light during the 
last century, It agrees with the. velocity of 
light which had been deduced from the eclipses 
of Jupiter’s satellites, and it amounts to a 
sensible demonstration of the annual motion of 
the earth. The observations which led to this dis- 
covery likewise prove the immense distance of 
the stars from the earth; for Dr. Bradley assures 
us, from the accuracy with which they were con- 
ducted, that if the annual parallax had amounted 
to so much as one second, he should have discover- 
ed it. 

If, then, the greatest annual parallax of the 
nearest stars does not amount to one second, their 
distance must be immense. Supposing the paral- 
lax to be exactly one second, the distance of a star 
having this parallax will be found by the following 
trigonometrical proportion:—As the sine of 1”: is 
to radius :: so is the semidiameter of the earth’s 
orbit : to a fourth number, which expresses the 
distance of the star. Now, a parallax of one sec- 
ond determines the object to be 212,000 times 
farther from the earth than is the sun. The dis- 
tance of the sun is 95,000,000 of miles, which, 
multiplied by 212,000, produces 20,140,000,000,- 
000, or more than twenty billions of miles. This 
distance is absolutely certain: it follows, as a mat- 
tor of course, if the annual parallax were determin- 
ed to be one second, it is the very least distance 
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at which any of the fixed stars can be situated 


‘from our globe; but as the parallax does not 


amount to this quantity, their distance must be 
much farther than what is here stated, perhaps 
not less than double or treble that distance. We 
may acquire some faint idea of the immense: dis- 
tance stated above by considering that a cannon 
ball, flying with uniform velocity 500 miles every 
hour, would require fowr millions, and five hundred 
and ninety five thousand years before it could reach 
an object at the distance we have stated. Such 
are the ample and inconceivable dimensions of the 
spaces of the universe. 

Several other methods have been resorted to by 
astronomers in order, if possible, to determine the 
distance of the stars, but most of them are founded 
upon assumptions which have not yet been proved. 
The celebrated Huygens, as recorded in his *‘Cos- 
motheoros,’’ despairing of being able to find an 
annual parallax, resorted to the following method: 
—supposing that the star Sirius, one of the bright- 
est fixedstars in the heavens, to be equal in luster 
and magnitude to the sun, he endeavored to di- 
minish the apparent diameter of the sun to the 
eye, so that it should appear no larger or brighter 
than Sirius appears to a common observer. For 
this purpose he closed one end of a twelve feet 
tube with avery thin plate, in the middle of which 
he made so small a hole that a very minute glass 
globule being put into it, so very small did the 
stn appear to the eye placed at the other end of 
the tube, that the light transmitted to the eye 
seemed not more splendid than that which we 
behold transmitted from Sirius with the naked 
eye. Having calculated, on the principles of op- 
tics, the quantity of diminution of the sun’s appar- 
ent diameter, he found it to be only the 1-27664th 
part; or, the light and diameter of the sun. 
peared 27,664 times smaller than what we d 
see. Hence he concluded that were the sun. at 
27,664 times his present distance from us, he 
would appear as smail as Sirius; and consequent- 
ly, if Sirius be of the same magnitude as the sun, 
the distance of that star must be 27,664 times 
greater than the distance of the sun from the 


earth, or 2,628,080,000,000,—that is, two billions, 
six hundred and twenty eight thousand, and eighty 
millions of miles. This method of determining 


the distance of the stars depends upon two assump- 
tions:—Ist, that the sun and Sirius are equal in 
magnitude; and 2d, that the eye judged correctly 
of the equality of the small intercepted portion of 
the sun to Sirius; both of which must be consider- 
ed as uncertain. But it corroborates the general 
position of the very great distance of the stars. 
On a principle somewhat similar, but by ex- 
periments conducted with far greater accuracy, Dr. 
Wollaston endeavored to determine the same 
problem in relation to the stars. “This gentle- 
man,”’ Sir J..Herschel remarks, “by direct phot- 
ometrical experiment, open, as it would seem, to 
no objections, has ascertained the light of Sirius, 
as received by us, to be to that of the sun as 1 to 
20,000,000,000. The sun, therefore, in order that 
it should appear to us no brighter than Sirius, 
would require to be removed 141,400 times its ac- 
tual distance. We have seen, however, that the dis- 
tance of Sirius cannot be so small as 200,000 
times that of the sun. Hence it follows that, 
upon the lowest possible computation, the light 
really thrown out by Sirius cannot be so little as 
double that emitted by the sun; or that Sirius 
must, in point of intrinsic splendor, be equal to 
two suns, and is in all probability, vastly greater.” 
The late Sir William Herschel proposed another 
method of determining the annual parallax by 
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means of double stars, which he supposed would 
be free from the errors of other methods, and of 
such a nature that the parallax, even if it should 
not exceed the tenth part of a second, may still 
become visible. The following figure and de- 
scription will convey a general idea of this 


method: 

Fig. 8. Let A and B (fig. 8) 
represent the earth at 
two opposite points in 
‘its orbit, and C and D 
two stars of different 
magnitudes. Then, if 
when the earth is at B, 
the two stars appear to 
us near each other, as 
at C and £, it was 
thought that when the 
earth arrived at A the 
two stars might appear 
farther apart, as at C 
and D; in other words, 
that the angles at which 
they would appear to 
us in the two cases 
would be different, the 
angle D A C being larger than the angle D B C 
in which case the angle of parallax might be com- 
puted. But it does not appear that any difference 
in the angles referred to has yet been found, or 
that any definite conclusions ‘respecting parallax 
have hitherto been deduced from this method, ex- 
cepting the general position.that the stars are at 
too great a distance to be subjected to our calcula- 
tions, or that our angular instruments are still in 
too imperfect a state to detect so small an angle as 
that of the annual parallax. 

1» While writing the above (December, 1838), I 
perceived an announcement in certain literary 
journals, that Professor Bessel, of Konigsberg, 
had addressed a letter to Sir John Herschel, which 
was immediately communicated to the Royal 
Astronomical Society, containing an account of 
the discovery of the annual parallax and the ob- 
servations on which it was founded. In the intro- 
duction to this communication Professor Bessel 
says—“After so many unsuccessful attempts to 
determine the parallax of a fixed star, I thought 
it worth while to try what might be accomplished 
by means of the accuracy which my great Fraun- 
hofer heliometer gives to the observations. I 
undertook to make this investigation upon the 
star 61 Cygni, which, by reason of its great proper 
motion, is perhaps the best of all, which affords 
the advantage of being a double star, and on that 
account may be observed with greater accuracy, 
and which is so near the pole that, with the excep- 
tion of a small part of the year, it can always be 
observed at night at a sufficient distance from the 
horizon.”? The professor began his observations 
in September, 1834, but various circumstances 
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prevented them from being regularly continued | 


at that period. They were resumed in 1837 with 
certain hopes of success. He selected among the 
small stars which surrounded the double star 61 


Cygni two stars between the ninth and tenth) 


magnitudes, of which one (a) is nearly perpendi- 


cular to the line of direction of the double star, | 


the other (6) nearly in this direction. He mea- 
sured with the heliometer the distances of these 
stars from the point which bisects the distance 
between the two stars 61 Cygni, and generally 


repeated the observations sixteen times every) 


night, and when the atmosphere was unusually 
steady he made more numerous repetitions. ‘The 
places of both stars, referred to the middle point 





31 


of the double star, he calculated, for the beginning 
of 1838, to be— 3 


Distance. Angle of Position. 
a 461”.617 201° 29’ 24” 


6 706".279 109° 22’ 10” 


In these observations, he concentrated his 
attention as far as he could on the distance of the 
small stars from the double star, as being the most 
important point to be ascertained. His communi- 
eation contains tables of all his measures of dis- 
tance, freed from the effects of refraction and 
aberration, and reduced to the beginning of 1838. 

It would be uninteresting to the general reader 
to enter into all the details of observations, cor- 
rections, and calculations which Professor Bessel’s 
communication contains, as they can only be 
understood by practical astronomers. JI shall 
therefore only state his general conclusion, which 
seems to be legitimately deduced from, his obser- 
vations and reasonings, and may be considered at 
least as a very near approximation to the point, 
if not perfectly correct. The result then is, that 
the annual parallax of the star 61 Cygni is 0”.3136; 
that is, somewhat less than one-third of @ second. 
It follows that the distance of this star from the 
sun is 657,700 times the mean distance of the 
earth from the sun; and as the distance of the sun 
from the earth is 95,000,000 of miles, this number 
multiplied by the former produces 62,431,500,- 
000,000, or sixty-two sitions, four hundred and 
eighty-one thousand five hundred m1Luions of miles, 
which is the distance of the star 61 Cygni from 
the sun, and which of course is nearly about the 
same distance from the earth; the earth being in 
one part of its course ninety-five millions of miles 
nearer the star than this distance, and in the oppo- 
site part of it ninety-five millions of miles beyond 
it. This, I have no doubt, will be considered as 
one of the most interesting and splendid discove- 
ries which have been made in astronomy for a 
century past. It lays a foundation for precise 
and definite conceptions of the distances of some 
of the starry orbs, of the amplitude of the celes- 
tial regions, and of the magnitude and grandeur 
of those countless orbs which diversify the spaces 
of immensity. It likewise proves to a demonstra- 
tion the annual motion of the earth round the 
sun, and all the principles and phenomena with 
which it is connected, as well as corroborates the 
general views of former astronomers respecting 
the immense distance of the fixed stars. 

Professor Bessel concludes his communication 
in these words:—“As the annual proper motion 
of a Cygni amounts to 5.123 of a great circle, 
the relative motion of this star and the sun must 
be considerabiy more than sixteen semidiameters 
of the earth’s orbit [that is, one thousand, five 
hundred and twenty millions. of miles], and the 
star must have a constant aberration of more than 
52”. When we shall have succeeded in determin- 
ing the elements of the motion of both the stdrs 
forming the double star, round their common 
center of gravity, we shall be able to determine 
the sum of their masses. I have attentively con- 
sidered the preceding observations of their relative 
positions, but I consider them as yet very inade- 
quate to afford the elements of the orbit. I con- 
sib them as sufficient only to show that the 
annual angular motion is somewhere about two- 
thirds of a degree, and that the distance at the 
beginning of this century had a minimum of 
about 15’. We are enabled hence to conclude 
that the time of a revolution is more than 540 
years, and that the semi-major axis of the orbit is 
seen under an angle of mure than 15”. If, how- 
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ever, we proceed from these numbers, which are 
merely limits, we find the sum of the masses 
of both stars less than half the sun’s mass. But 
this point, which is deserving of attention, cannot 
be established until the observations shall be suf- 
ficient to determine the elements accurately. 
When long-continued observation of the places 
which the double star occupies among the small 
stars which surround it shall have led, to the 
knowledge of its center of gravity, we shall be 
enabled to determine the two masses separately; 
but we cannot anticipate the time of these further 
researches. I haye here troubled you with many 
particulars; but I trust it is not necessary to offer 
any excuse for this, since a correct opinion as to 
whether the investigation of the parallax of 61 
Cygni has already led to an approximate result, or 
must still be carried further before this can be 
affirmed of them, can only be formed from a 
knowledge of these particulars. Had I merely 
communicated to. you the result, I could not 
have expected that you would attribute to it that 
certainty which, according to my own judgment, 
it possessed.” 

The distance inferred from the parallax ascer- 
tained by Bessel is more than three times greater 
than what was formerly considered the least dis- 
tance of any of the fixed stars. In order to 
acquire some rude conceptions of this distance, it 
may not be inexpedient to illustrate it by the times 
which certain moving bodies would require to meve 
along such a space. Laght is the swiftest moving 
body with which we are acquainted; it flies from 
the sun to the earth, a dis of ninety-five 
millions of miles, in about eight minutes, or at 
the rate of 192,000 miles every moment of time; 
yet light, incomprehensively swift as its motion 
is, would require ten years and 114 days to fly 
across this mighty interval; so that if the star 61 
Cygni were supposed to be only just now launch- 
ed into existence, it would be more than ten years 
before its light could reach the distant globe on 
which we dwell, so as to appear like a small star 
twinkling in our sky. Suppose a cannon ball to 
move 500 miles every hour without intermission, 
it would require fourteen millions, two hundred 
and fifty-five thousand, four hundred and eighteen 
years before it could move across the same inter- 
val. But to come to motions with which we are 
more familiar: suppose a steam-carriage to set 
out from the earth with a velocity of twenty miles 
an hour, or 480 milesa day; at this rate of mo- 
tion, continued without intermission, it would 
require 356,385,466, or three hundred and fifty- 
six millions, three hundred and eighty-five thou- 
sand, four hundred and-sixty-six years before it 
could pass from our globe to the star alluded to 
above—a number of years sixty-one thousand 
times greater than the whole period which has 
elapsed since the Mosaic creation. 

Such distances are amazing, and almost terri- 
fying to the human imagination. The mind is 
bewildered, confounded, and almost overwhelmed, 
when attempting ‘to form a conception of such 
portions of immensity, and feels its own littleness, 
the limited nature of its powers, and its utter 
incapacity for grasping the amplitudes of creation; 
but although it were possible for us to wing our 
flight to such a distant orb as that to whi 
have referred, we should still find ourselves we 
ing only on the extreme verge of the starry firma- 
ment, where ten thousands of other orbs, a thou- 
sand times more distant, would meet our view. 
We have reason to believe that a space nearly 
equal to that which we are now considering inter- 
venes between most of the stars which diversify 
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our nocturnal sky. The stars appear of different 
!magnitudes; but we have the strongest reason to 
conclude that in the majority of instances this is 
owing, not to the difference of their real magni- 
tudes, but to the different distances at which they 
are placed from our globe. If, then, the distance 
of a star of the first or second magnitude, or those 
which are* nearest. us, be so immensely great, 
what must be the distance of stars of the sixteenth 
or twentieth magnitudes, which can be distin- 
‘guished only by the most powerful telescopes? 
Some of these must be several thousands of times 
more distant than the star 61 Cygni, whose dis- 
tance now appears to be determined. And what 
shall we think of the distance of those which lie 
beyond the reach of the most powerful telescopes 
that have yet been constructed, stretching beyond 
the utmost limits of mortal vision, within the 





unexplored regions of immensity? Here even 
the most vigorous imagination drops its wing, and 
feels itself utterly unable to penetrate this myste- 
rious and boundless unknown. 

The vastness of the spaces and greatness of the 
distances to which we have adverted ought not, 
however, to prevent any one from acquiescing in 
the, statements we have now made; for space is 
boundless;—absolutely infinite. A seraph might 
wing its flight with the swiftness of light for mil- 
lions of years through the regions of immensity, 
and never arrive at a boundary where it might be 
said, “Hitherto mayest thou approach, but no 
farther;’’ ana we have reason to believe, from 
what we already know of the Creator and his 
works, that during the whole course of such an 
excursion, new objects and new scenes of glory 
and magnificence would be continually rising 
pio his view. To suppose otherwise would be 
to’ set boundaries to space, and to prescribe 
limits to the infinite perfections of the Divinity. 
That incomprehensible Being who formed the 
universe fills immensity with his presence; his 
power and wisdom, and all his other perfections, 
are infinite; and therefore we should expect that 
the plans on which he has constructed the systems 
of the universe should be like himself, vast, bound- 
less, and inconceivable by mortals. Were we to 
find the plans of the universe circumscribed like 
those which were represented by the ancient 
astronomers, who imagined the firmament a 
solid sphere with a number of tapers whirled 
round the earth,—we should be apt to think that 
the Creator of the world was.a limited being; but 
when we contemplate the vast amplitude of pla- 
netary systems, and the immense spaces by which 
they aré separated from each other, we behold 
plans and operations which are in perfect unison 
with the immensity of his nature, with his bound- 
less power, his uncontrollable agency, and his 
universal presence. Wherever we turn our eyes 
throughout the scene of nature, and fix our atten- 
tion on its plans and movements, we uniformly 
find the Creator acting like Himself; and in no 
case is this more strikingly displayed than in the 
grandeur and magnificence of the orbs of ‘heaven, 
and the immense spaces with which they are sur- 
rounded. 

This is likewise the representation which the 
Scriptures give us of the immensity and incom- 
prehensible nature of the Deity. “Great is 
Jehovah and of great power; his understanding 
is infinite; his greatness is unsearchable.” He 
is not only “high above all nations,” but “his 
glory is. above the heavens.” “He dwelleth 
on high, and humbleth himself to behold the 





things’? not only that are “on the earth,’ but 
even “the things that are in the heavens,’ Vast 


MAGNITUDE OF THE STARS. 


as the celestial spaces are, “he meted out heaven 
with the span,” and “stretched forth the heavens 
alone.” “Among the gods there is none like 
unto thee, neither are there any works like unto 
thy works.’ ‘«Canst thou by searching find out 
God? »Canst thou find out the Almighty to per- 
fection 2? Who can utter the mighty operations 
ef Jehovah? Who can show forth allyhis praise ? 
Lo, these are but parts of his ways, but the 
thunder of his power, or the full extent of his 
omnipotence, who can.comprehend?”’ In relation 
to a Being who is thus described, we can expect 
nothing but what is wonderful and incomprehen- 
sible by finite minds.. The declarations of inspired 
men bear testimony to the discoveriesof astronomy 
as in perfect unison with the attributes of the 
Divinity, so that science and revelation completely 
harmonize in the views they unfold of the plans 
and arrangements of the Deity, and of. the im- 
mense spaces which intervene among the systems 
of the universe. 

Whether man will ever be permitted to traverse 
any of the vast spaces of the universe, to which 
we have now adverted, is a question which jis: at 
present beyond our province to resolve. . In our 
present state of corporeal organization it is impos- 
sible to wing our flight even to the nearest celestial 
orb in that system of which we forma part, much 
less to the distant starry regions. How pure 
spirits, disconnected with material vehicles, may 
transport themselyés from one region of creation 
to another, it is impossible for us, in the present 
state, to form a conception. But it is possible to 
conceive of a system of organization far more 
refined than the present, and susceptible of a 
power of motion far surpassing what we have an 
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opportunity of witnessing in this terrestrial sphere 
-—a locomotive power which might enable an in- 
telligent agent to keep pace with the rapid motions 
of-the celestial orbs. We have only to suppose 


organical vehicles constructed with matter far 


more tile and refined than hydrogen gas, or 
the ethereal fluid, and approximating to the tena- 
city of light itself. As we find animalcule many 
thousands of times less than the least visible point, 
their bodies must be constructed of materials ex- 
tremely subtile and refined; and hence we may 
infer that the same Allwise Intelligence who 
formed such minute and refined, structures, can 
with equal ease construct a material organization 
for the residence of a rational soul out of the 
finest materials which creation can supply, and 
endow it with a capacity of rapid motion superior 
to that of some of the celestial globes which roll 
around us. It is not improbable that angelic 
beings are connected with such a system of ma- 
terial organization, which enables them to move 
with rapidity from one part of creation to another; 
and it is possible that man, in a future world, may 
be invested with such vehicles and such powers 
of rapid motion. At the same time, even with 
such locomotive powers, only a small portion of 
the universe could be supposed to be visited or 
explored, even after a lapse of ages. It is highly 
probable that, at this moment, there is not a single 
subordinate intelligence, even of the highest order 
of created beings, who is acquainted with every 
region of universal nature and the objects it con- 
tains, and that the greater part of the vast uni- 
verse, with its nery, Movements, and inhabi- 
tants, is khown only by Him who formed it by 
his power and fills it with his presence, 
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ON THE MAGNITUDE OF THE STARS. 


In our attempts to ascertain the magnitudes of 
any of the heavenly bodies, we must first endea- 
vor to determine the distances at which they are 
placed from our abode; and in the next place we 
must measure, as accurately as possible, the ap- 
parent diameters of the bodies whose magnitudes 
we wish to determine. The extreme difficulty 


of determining these two points, in certain in-, 


stances, on account of the smallness of the angles 
which require to be measured, has hitherto pre- 
vented us from ascertaining with precision the 
real magnitudes of the bodies connected with the 
sidereal heavens. We formerly were led to con- 
clude on. good grounds, that their distances were 
almost immeasurably great, and consequently 
that, as they emit a certain degree of splendor to 
our eye, even from such remote distances, their 
bulk must be immensely great. But no previse 
conceptions could be formed as to this point so 
long as the annual parallax of some of the stars 
remained undetermined. | 

The annual parallax of the star 61 Cygni being 
now in all probability ascertained (as stated in 
the preceding chapter), we are in possession of 
certain data which may lead to the determination 
of the veat magnitude of that body. But a diffi- 
culty stili remains, The stars are found.to have 
no sensible diameters. When viewed through 





telescopes of the greatest power, they present no 
visible discs, or well-defined surfaces to the eye, 
as the planets do, when viewed through such 
instruments, but appear only as so many shining 
and undefined points. When they are viewed 
through a telescope of moderate size, their diame- 
ter appears less than when examined by the naked 
eye, but considerably more brilliant. When we 
view them with a telescope of greater power, the 
apparent diameters will be somewhat increased, 
but not according to any regular proportion, as 
happens in the case of the planets; and even 
when seen with the same power, through different 
telescopes, their apparent magnitudes are not 
precisely the same. Sir William Herschel, who 
viewed these bodies under almost every aspect, 
uniformly found that their diameter was less in 
proportion as the higher powers were applied; 
and the smallest proportional diameter he ever 
obtained was when he employed the extraordi- 
nary power of 6450 times, From such observa- 
Tone appears that the apparent diameters of the 
fixed stars do not arise from any sensible disc, but 
from other causes with which we are not ac- 
quainted. Dr. Halley remarks that “ the diame- 
ters of Spica Virginis and Aldebaran (two stars 
of the first magnitude) are so small, that when 
they happen to immerge behind the dark edge of 
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the moon, they are so far from losing their light 
gradually, as they must do if they were of any 
sensible magnitude, that they vanish at once with 
all their luster, and emerge likewise in a moment, 
not small at first, but at once appear with their 
full light, even although the emersion happen 
when very near the cusp, where, if they were 
four seconds in diameter, they would be many 
seconds of time in getting entirely separated from, 
the limb. But the contrary appears to all those 
who have observed the oceultations of those 
bright stars.’ Every one who has been in the 
habit of viewing the starry firmament with good 
telescopes will at once admit that, although that 
instrument brings to view numerous stars which 
the unassisted sight cannot perceive, yet they 
appear only ‘as luminous points with no well- 
defined sensible, diameters, although their light is 
much more brilliant than to the naked eye. 

Hence the difficulty of determining, with pre- 
cision, the real magnitudes of any of the fixed 
stars. From their immense distance we are per- 
fectly certain that they are bodies of immense 
size, otherwise they would be altogether invisible 
from our terrestrial sphere, or from any part of 
the solar system. But we have hitherto obtained 
no sufficient data for estimating their exact size, 
as we have done in relation to the globes which 
compose the planetary system. Sincé, then, the 
apparent diameters of the stars, even those of the 
jirst magnitude, are so small as not to amount to 
a single second, we cannot hope, in the meantime, 
to determine their measure with any degree of 
certainty. We may assign them a measure which 
we certainly know they do not exceed, but we 
cannot be sure that that measure is not too great. 
All Iuminous objects appear larger than those of 
the same dimensions which are opaque. The 
planet Mercury, when in its greatest brightness, 
appears larger than when it is seen to pass, like a 
dark spot, across the disc of the sun, although it 
is nearest the earth in this last position. The 
apparent diameters of the fixed stars are much 
smaller than they have generally been supposed 
by those who have attempted to measure them. 
Yet small as they are, their real magnitude must 
be very great, since they are visible to our sight at 
the immense distance at which they are placed. 
In proportion to the greatness of their distance, 
and the smallness of their apparent diameters, will 
be their real magnitudes. If we suppose the 
apparent diameters of any of the stars observed 
by Dr. Bradley to be equal to the 400,000th part 
of the sun’s apparent diameter or stath of a 
second—which is a probable supposition for a star 
of the second magnitude,—it will follow that such 
a star is equal to the sun in magnitude. For, if 
the sun were removed to the distance, at which 
such a star is situated, he would appear no larger 
than those twinkling points, nay, would perhaps 
disappear altogether from our view. From all the 
observations and reasonings that have been enter- 
ed into on this subject, we have no proofs that 
any of the stars are less than the sun, but it is 
more probable that many of them equal and even 
far surpass that luminary in their real dimensions 
and splendor. Having obtained the parallax of 61 
Cygni,* if we could find the exact apparent dia- 
meter of that star, its real bulk could be ealeu- 
lated with as much ease and certainty as the bulk 
of the sun, or moon, or any of the planets. But 








* This star belongs to the constellatlon Cygnus, or the 
Swan. Its right ascension for January 1, 1839, was 20h. 59/ 
41/’, and its declination 37° 57! 42/' north. In places of 52° 
of N, latitude, this star passes the meridian within two or 
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as this important element in the calculation is still 
a desideratum, we must resort to other methods 
by which we may arrive at the nearest approxi- 
mation to the truth. 

‘I have already alluded to the photometrical 


Feaiidescns of Dr. Wollaston, in relation to the 


comparative quantity of light emitted to our eye 
from the star Sirius and from the sun. In refer- 
ence to these experiments, Sir John Herschel, in 


[a marginal note, remarks:—* Dr. Wollaston as- 


suming, as we think he is perfectly justified in 
doing, a much lower limit of possible parallax in 
Sirius than we have adopted in the text, has con- 
cluded the intrinsic light of Sirius to be nearly that 
of FOURTEEN suNs.’’ Sir William Herschel informs 
us that, with a magnifying power of 6450, and by 
means of his new micrometer, he found the ap- 
parent diameter of Vega or « Lyre to be 0”. 355: 
this will give the real diameter of the star: about 
thirty-eight times that of the sun, or 33,440,000 
miles, supposing its parallax to be one second. 
Were this its true estimate its solid contents would 
be 19,579,357,857,382,400;000,000,* or, above 
nineteen thousand five hundred and seventy-nine 
trillions of miles; which is, fifty-four thousand 
eight hundred and seventy-two times larger than 
the solid contents of the sun. The magnitude 
of such a globe is altogether overpowering to the 
human imagination, and completely baffles every 
effort to approximate to a distinct conception: of 
an object.of such amazing amplitude and splen- 
dor. We have formerly shownt that the sun is a 
body of so Vast dimensions that the human mind, 
in its present state, can form no adequate concep- 
tions of it;that it is more than 500 times greater than 
all the planets, satellites, and comets of our sys- 
tem; that it is equal to thirteen hundred thousand 
globes as large as the earth; that its surface con- 
tains an amplitude fifty-three millions seven hun- 
dred and seventy-thousand times larger than the 
view from Mount Etna, which comprises an extent 
of 45,000 miles; and thaé, were a landscape on 
the sun of this extent to be contemplated every 
two hours, it would require twenty-four thousand 
five hundred years before the whole surface of 
this luminary could be in this manner surveyed. 
What, then, shall we think of the probable exist- 
ence of a luminous globe fifty-four thousand 
times greater than the expansive globe of the 
sun! 

However amazing the magnitude of such a 
body may appear, we ought not on this account 
to consider the existence of such an orb as eithor 
improbable or incredible. Prior to the first dis- 
coveries of modern astronomy two or three cen- 
turies ago, no one could have believed that tho 
sun isa body of such an immense size as he is 
now found to be, or that the planetary system 
occupies so extensive a range as astronomers 
have now determined it. And we are not to 
conceive that even the immense amplitude of the 
sun is the highest scale of magnitude which the 
Creator has prescribed to himself in his arrange- 
ments of the universe. From the knowledge we 
have already acquired of the vastness of the scale 
on which creation is constructed, we have reason 





three minutes of the zenith. Itis a star of about the fifth 
magnitude. It is 28 degrees nearly due east from the bright 
star Vega or a Lyre, in the constellation of the Harp, and 
nearly nine degrees south by east of Deneb, or a Cugm, the 
principal star in the Swan. 

*In some editions of the “Improvements of Society,” 
this number is inaccurately stated, the eube of the diameter 
having been by mistake substituted for the solid contents 
of the body, but the general result of the comparative mag- 
nitudes of the two bodies is the same, 

t “Celestial Scenery,” chap, iii, sect. 10, 
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to believe that bodies exist in it far surpassing, in 
magnitude’ and grandeur, any of the globes to 
which we have alluded. There are certain lucid 
specks in the heavens which can only be par- | 
ceived by the most powerful telescopes, which we 
are quite certain, from their immense distance, 
must comprise a mass of matter thousands of 
times larger than our sun,—either a distinct mass 
of materials or a congeries of shining globes so 
near each other that the separate bodies cannot be 
distinguished. As the distance between the great 
globes of the universe is incomprehensible’ by 
limited intellects, so the magelliige of some of 
these bodies may be so greatas to sv 

timate and every conception we may | 
formed on this subject. Such viewsof t 
tudes of creation are quite in accordance with the 
ideas we ought to entertain of a Being whois eternal, 
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omnipresent, omnipotent, and incomprehensible. 
But, without going beyond the strict deductions 
of science, we may fairly conclude that there are 
few stars in the concave of our sky that do not 
equal, and even surpass, our sun in size and in 
splendor; and if so, what a glorious and over- 
whelming scene does creation present to an intel- 
ligent and contemplative mind!’ Here we are 
presented with a scene on which the highest order 
of created beings may expatiate for myriads of 
ages, and objects, ever wonderful and ever new, 
may still present themselves to the astonished 
mind throughout the whole length of its immor- 
tality ; so that the most’expansive intellects shall 
never want subjects of sublime investigation during 
all the revolutions of an interminable existence. 
Weare not to imagine that all the stars, even 
those which appear with the same brilliancy, are 
of the same size. We have reason to believe that 
a variety, in this respect, exists among those dis- 
tant orbs, as well as among the bodies which 
compose the planetary system, and in other de- 
partments: of nature. Various considerations 
tend to show that “one star differeth from an- 
other star in glory,” not only as they appear to 
the naked eye, but in reality, as to their intrinsic 
magnitude and splendor. Some of the telescopic 
stars appear of very different colors, one exhibit- 
ing rays of an orange or ruddy hue, another blue, 
another yellow, and another green, indicating a 
difference in their constitution and in the nature 
of the light they emit. Among the double stars, 
the one which is found revolving round the other 
is evidently the smaller body, as its light is not 
distinguishable without a high magnifying power, 
and yet its distance from the earth must be 
nearly the same as that of the larger star around 
which it revolves. Recent observations tend to 
prove that some of the smaller stars have not only 
a greater annual parallax than those which are 
most brilliant, but an absolute motion in space 
much greatér than those of the brightest class, 
which indicates that there is a difference in the 
real size of those. bodies, and that’ some of the 
stars which appear smallest to our eye may be 
the largest in real dimensions; but the smallest 
of them are, undoubtedly, bodies of such magni- 
tudes as surpass our distinct comprehension. 
Some readers, from their ignorance of the 
mathematical principles of astronomy, and from 
being incapable of appreciating the observations 
to which we have referred, are apt to view with a 
certain degree of skepticism the conclusions 
which astronomers have deduced respecting the 
distances and magnitudes of the stars. Perhaps 
the following consideration, level to the capacity 
of every man of common sense, may have a 
tendency to convince even the most skeptical that 
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the stars are situated at an almost incalcuable 
distance from the earth. os 

Suppose a telescope to magnify 400 times, that 
is, makes a distinct object appear four hundred 
nearer, and four hundred times larger in 
dia r, than to the naked eye. With an in- 
strument of this description I have been enabled 
to read a person’s name, the letters of which were 
not above half an inch in length or breadth, at 
the distance of more than two miles. When this 
telescope is directed to the moon, it enables us to 
perceive the shadows of its mountains, and other 
minute portions of its scenery, and even to dis- 
tinguish rocks and cavities less than a mile in 
diameter. When directed to the planct Venus, it 
exhibits it as a large splendid body, with either a 
gibbous, a half moon, or a crescent phase. When 
directed to Jupiter and Saturn, it makes these 
orbs appear several times larger than the moon 
does to the naked eye, and enables us to perceive 
the dark belts which run across the one, and the 
rings which surround the other. Now, if this 
same instrument be directed to the fixed stars, it 
shows them only as so may luminous points, 
without any well-defined diameters. It brings to 
view hundreds and thousands of stars which the 
naked eye cannot discern; but although they ap- 
pear somewhat more brilliant, they appear, on 
the whole, no larger in diameter than the stars in 
general do to the unassisted sight. This cireum- 
stance I consider asa palpable tense evidence 
of the immense distance of the fixed stars; for 
bodies at the distance of nine hundred, and even 
of eighteen hundred millions of miles, appear 
magnified in proportion to the power of the in- 
strwment; and why should not the fixed: stars ap- 
pear magnified in the same proportion, and pre- 
sent to the eye large discs like the planets, were 
it not on account of their incalculable distance? 
Were they only at a moderate distance from the 
planetary system—suppose ten times the distance 
of Saturn, or nine thousand millions of miles,— 
this would undoubtedly be the case; but observa- 
tion proves the contrary. When we view a planet 
—for example Saturn, which is distant nine hun- 
dred millions of miles—through a telescope mag- 
nifying 400 times, we contemplate. it as if we 
had been carried to a point only the four-hundreth 
part of its distance; that is, we view it as if, we 
were brought within little more than two millions 
of miles of its surface. In other words, we see 
it of the same magnitude, and nearly with the 
same distinctness, as if he had surmounted the law 
of gravitation, and been transported more than 897 
millions of miles from our present abode in the 
direction of that orb. ’ 

When such an instrument is directed to the 
fixed stars, it does not lose its power as’a telescope; 
this is proved by its presenting the nebule, which 
are invisible to the’ naked eye, as large, well-defin- 
ed spaces in the firmament. It carries us within 
the four-hundreth part of their actual distance, 
and enables us to contemplate them just’as we 
woulddoif we were 400 times nearer them than we 
are. Let us suppose, as formerly, the distance of the 
nearest stars to be 20,000,000,000,600, or twenty 
billions of miles, we contemplate such stars by 
this instrument, as if we were carried to a station 
nineteen billions nine hundred and fifty millions 
of miles from the place we now occupy, where we 
should still be fifty thousand millions of miles* 





* The following is the caleulation expressed in figures: 
400) 20,000,000,000,000, dist. of the star. 
50,000,000,000, dist. as viewed by the telescope. 
19,950,000,000,000, dist. from the earth at which we 
view it, 
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distant from these bodies. Supposing the sun 
were removed to a point fifty thousand millions 
of miles the place he now occupies—which 
is 526 times his present distance,—he would 
appear 526 times less in diameter t at | , when viewed through telescopes. 

present, or under an angle of little more than} The above considerations prove to a demonstra- 
314 seconds, which is less than the apparent] tion that the nearest stars are removed from us at 
diameter of Uranus, a,body which is generally in- | immense and inconceivable distances; and if their 
visible to the naked eye; so that if a star be| distance be so great, their magnitudes must like- 
distant twenty billions of miles, and equal to | ‘wise be astonishing, otherwise they would be al- 
the sun in magnitude, it should appear no more | together invisible either to the naked eye or by 
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000,000,000 miles, we behooved to be carried for- 
‘ward several] thousand millions of miles farther 
before those distant orbs would appear to expand 
into large discs like the moon, or like Jupiter and 






‘than a point when viewed with a telescope magni- 
fying 400 times. Supposing, then, that we were 


transported through the immense space of 19,950,- | portional 


or a distant visible object must al- 
d as having a magnitude pro- 
nee and its apparent diameter. 


the telescope; 
ways be consi 
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ON NEW STARS. 


To, almost every eye but that of the astrono- 
mer, the starry firmament presents the same gen- 
eral aspect. ‘I'o a common observer, the noctur- 
nal heavens exhibit the appearance of a vast con- 
eave bespangled with countless numbers of shining 
points, of various degrees of brilliancy, and dis- 
tributed over the sky apparently without any or- 
der or arrangement.—Whether the clusters of 
stars which are seen in summer and in winter 
are the same,—whether the stars which are seen 
in one region of the heavens at six o’clock in the 
evening are identically the same which are seen 
in the same quarter at midnight, or at three in the 
morning,—whether there be any stars which were 
seen by our forefathers which are no longer visi- 
ble,—whether any stars unknown oe gene- 
rations can now be traced in the firmament,—or 
whether any of those orbs which are visible at one 
time are invisible at another,—to such inquiries 
there is not one out of a thousand of those who 
have occasionally gazed at the starry heavens that 
could give a satisfactory reply. 
ous astronomer alone, who, with unwearied obser- 
vations spends sleepless nights in surveying the 
various regions of the celestial vault, that can tell 
with certainty whether or not any changes occa- 
sionally take place in reference to any of the 
starry orbs. 

The first account we have of any changeshaving 
been perceived among the stars is that recorded by 
Hipparchus, of Rhodes, a celebrated astronomer 
who flourished about 120 years before the Chris- 
tianera. About this period, this accurate obser- 
ver of the heavens perceived, in a certain part of 
the firmament, a star which he had never observ- 
ed before, and of which he could find no record 
in the observations of his predecessors. Struck 
with this new and unexpected phenomenon, he 
began to doubt whether changes might not happen 
among the celestial orbs, as well asin the scene of 
nature here below. In order that such changes 
when they happen might be known to future gen- 
erations, he began to form a catalogue of all the 
stars visible in that part of the world where he re- 
sided, noting down the place and apparent magni- 
tude of each star, until he at length completed a 
list of all the visible stars in the heavens; which 
was the first catalogue of those luminaries of which 
we have any account in history. It is much to be 
regretted that we have no specific account of the 
particular part of the heavens where this new star 
appeared, as it might have led us to determine 
whether it be still visible, or whether it be subject 
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to periodical changes, or have altogether disap- 
peared. 

In the year 130 after the Christian era, another 
new star is said to-have made its appearance. In 
the year 389, a new star appeared near 2 Aquile, 
or Altair, in the constellation of the Eagle. Its 
appearance was sudden; it continued three weeks, 
emitting a splendor equal to that of Venus, and 
afterward entirely disappeared. In the ninth 
century, a new star appeared in the fifteenth 
degree of Scorpio, which is said to have emitted 
as much light as is reflected from one quarter of 
the moon. In 945, a new star appeared between 
the constellations of Cepheus and Cassiopeia; and 
another, in 1264, near the constellation Cassio- 
peia; but of these stars the accounts are so vague 
and imperfect that we can form no distinct con- 
ceptions of the phenomena they exhibited. 

The most striking and wonderful phenomenon 
of this kind of which we have an authentic and 
distinct description occurred in the beginning of 
November, 1572, when a new star appeared in 
Cassiopeia, forming nearly a rhombus with the 
three largest stars, , 8,7, of that constellation. 
Its appearance was sudden and brilliant. Its phe- 
nomena were so striking that the sight of it 
determined the celebrated Tycho Brahe to become 
an astronomer. He did not see it at half an hour 
past five, when le was returning from his house 
to his laboratory; but returning about ten, he 
came to a crowd of country people who were 
staring at something behind him. Looking round, 
he saw this wonderful object. It was so bright 
that his staff had a-shadow; it was of a dazzling 
white, with a little of a bluish tinge. It had no 
tail or hair around it similar to comets, but shone 
with the same kind of luster as the other fixed 
stars. Its brilliancy was so great as to surpass 
that of Lyra and Sirius. It appeared even larger 
than Jupiter, which was then at its nearest ap- 
proach to the earth, and by some was estimated 
to be superior to the planet Venus in its greatest 
Juster. It was even seen by those who had good 
eyes at noonday; a circumstance which never 
happens in the case of any of the other stars, or 
even of the planets, except Venus, which has 


sometimes been seen in daylight in certain pecu- 


liar positions. During night, it was frequently 
seen through thin clouds which entirely inter- 
cepted the light of the other stars. In this state 
it continued to shine with undiminished brilliancy 
during the remaining part of November, or more 
than three weeks. It did not, however, continuo 


much longer with this degree of brightness, but 
gradually diminished in its luster. In the month 
of December, it appeared to be only equal to Ju- 
piter; in January, 1573, it appeared a little less 
than that planet, but still somewhat larger than 
stars of the first magnitude, to which it appeared 
about equal during the months of February and 
March; thus gradually diminishing in brightness, 
in April and May, it was like a star of the second 
magnitude; in the months of June, July, and 
August, it was equal only to the largest stars in 
Cassiopeia, which are mostly of the third magni- 
tude; in September, October, and November, it 
was no larger than a star of the fourth magni- 
tude; in December, it was about equal to the star 
called Gamma, which was nearest to it; toward 
the end of 1573, and during the month of Janu- 
ary, 1574, it was but little superior to stars of the 
fifth magnitude; in February, it was no larger than 
a star of the sixth magnitude; and in the month 
of March it entirely disappeared, having con- 
tinued visible from the beginning of November, 
1572, to March, 1574, a period of about sixteen 
months. It was remarked that as it diminished 
in size it was likewise subject to certain changes 
in color and brightness. When it appeared 
largest, its light was white and brilliant; after 







which it appeared a little yellowish; and in the, 


beginning of spring, 1573, it approached some- 
thing to the color of Mars, being reddish like the 
star Aldebaran, or the Bull’s Eye, and a little less 
bright than the star in the right shoulder of Orion. 
In the month of May that year, it was of a pale 
livid white, like Saturn; which color, as likewise 
its sparkling appearance, continued to the last, 
only growing more dim and fajnt as it approached 
the period of its disappearance. 

Such were the appearances and changes of this 
wonderful star. These phenomena were particu- 
larly observed by several astronomers of that 
period, especially by Tycho Brahe, who wrote’ a 
treatise on the subject, in which he determined 
its longitude and latitude, and demonstrated that 
it was situated in the region of the fixed stars, at 
a much greater distance from the earth than the 
stin, moon, or any of the planets, as it had no 
sensible parallax, and remained in the same point of 
the heavens during the whole period of its appear- 
ance. This star was likewise diligently observed 
by Cornelius Gamma, who says that on the night 
of the 8th November, 1572, he viewed with some 
attention that part of the heavens, in a very 
serene sky, but saw nothing uncommon;. but that 
the next night, November 9th, it appeared, with 
a splendor surpassing all the fixed stars, and 
scarcely less bright than Venus. The longitude 
of this star, as determined by Tycho, was 9° 17’, 
and 53° 45’ of north latitude. 

The point in the heavens where this star ap- 
peared may be ascertained from the following 
figure, which exhibits a representation of the 
principal stars in Cassiopeia. The general po- 
sition of this constellation may be found from 
the map of the circumpolar stars, Plate III. It is 
almost directly opposite Ursa Major, or the Great 
Bear. A line drawn from the. Bear through the 
pole-star meets Cassiopeia at nearly an equal dis- 
tance on the other side of that star. When the 
Bear is at its lowest position below the pole, Cas- 
siopeia is near the zenith, and vice versa. In the 
annexed representation (fig. 9) the large star 
toward the left points out the place which was 
occupied by the new star, which, with the three 
stars, «, 6, 7, forms a kind of rhombus, or irregu- 
lar square. The one on the left above the new 
star is 4, and is also known by the name of Caph. 
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The one.to the right of Caph and a little higher 
is , distinguished likewise by the name Schedir. 
Below Schedir, andva little to the right, is the star 
y, or Gamma. About six degrees north-west of 


Fig,,9. 





Caph, the telescope reveals to us a pretty large 
nebula of small stars, apparently compressed into 
one mass, with a number of loose stars surround- 
ing it. 

. the year 1604, about the end of September, 
another new star appeared near the heel of the 
right foot of Serpentarius. At that time, near 
the same part of the heavens, the planets Mars, 
Jupiter, and Saturn, were very near to each other, 
a phenomenon which so engaged the attention of 
astronomers that no uncommon appearance in 
that quarter of the heavens could long have 
escaped detection. On the 17th of September, 
Kepler, who wrote a treatise on this star, care- 
fully observed the three planets; on the 23d, he 
again viewed Mars and Jupiter, then approaching 
to their conjunction; and one of his scholars 
made the same observation on the 27th. On the: 
28th, and on the 29th, which was the day when 
Mars and Jupiter were in conjunction, they were 
observed by Mestlinus and others; but none of 
them as yet saw anything of the new star. On 
the 30th, the sudden breaking of the clouds afford- 
ed one of Kepler’s friends an opportunity of 
having a very short view of it; for in looking for 
Mars and Jupiter, he saw a bright star near them, 
which he had not seen before, but it was soon 
obscured by clouds. On the 2d, 3d, 4th, and 6th 
of October, it was seen by several persons in dif- 
ferent places. On account of cloudy weather at 
Prague, where Kepler resided, he did not see it 
until the 8th of that month. All the observers 
agreed in this,—that it was exactly round, without 
any beard or tail; that it was exactly like one of 
the fixed stars; and that in the vividness of its 
luster, and the quickness of its sparkling, it ex 
ceeded anything they had ever seen before. As 
to its color, it was remarked that it was every mo- 
ment changing into the colors of the rainbow, as 
yellow, orange, purple, and red; but was generally 
white when at a little hight above the vapors 
near the horizon. At its first appearance, it 
seemed larger than any of the fixed stars, and 
even surpassed Jupiter, which planet was near it 
during the whole of October, and by its steady 
light was easily distinguishable from this vehe- 
mently sparkling star. It continued of the same 
size and brilliancy during the whole of October.. 
About the end of this month the sun was ap- 
proaching that part of the heavens in which the 
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star appeared, yet on the 30th it was so much 
brigttier than Trapitet that Kepler could see it 
distinctly when Jupiter was’ imperceptible, on 
account of the light of the sun, though he was 
farther from the sun’s beams than the star. 
the 6th and 8th of November it was seen by 
Kepler and others; and a 
which appears to have be 
perecived before bei 
rays. After emergin 
west, it was seen in t 
cember, and though 
it was considerably 






















nearly of the same size 
June, and July, and: 

y than any oth 
year after 






. first appearance, it was. 

e star in the leg. of Serpen- 
tarius, which is reckoned of the third magnitude. 
As it was'at this time again approaching to the 
vicinity of the sun, it does not appear to have 
been seen after this period. In December, 1605, 
and January, 1606, cloudy weather prevented 
observations after it had emerged from the solar 
rays. Kepler concludes that it must have disap- 
peared some time between October, 1605, and the 
following February, but on what day is uncertain. 
Like the former star which appeared in Cassio- 
peia, it had no parallax, and remained in the same 
point of the heavens. ; 

None of the new stars whose phenomena we have 
described above have ever reappeared, the places 
which they occupied still remaining a blank. It 
is much to be regretted that the telescope was not 
invented at the periods when these Mire appeared, 
as it might have been ascertained by their instru- 
ment whether they had any sensible diameters. 
At any rate, their gradual decrease of magnitude 
and luster might have been traced by a good tele- 
scope fora long period, perhaps for years, after 
they disappeared to the naked eye, which must 
have led us to draw some conclusions respecting 
the cause which produced so extraordinary phe- 
nomena. Were such a remarkable phenomenon 
to happen in our times, when telescopes, micro- 
meters, and other astronomical instruments have 
received so many exquisite improvements, so as 
to enable us to penetrate deep into the profundity 
of space, and to measure the smallest angles, a 
variety of additional facts and circumstances would 
doubtless be discovered in relation to phenomena 
and events so striking and sublime.* 

The subject of new stars, such as those now 
described, which blazed forthwith so extraordi- 
nary a brilliancy and so soon disappeared, natu- 
rally gives rise to solemn and interesting refloc- 
tions. There is a mystery that hangs over such 
sublime phenomena which produces in the mind 
an anxious desire to behold the vail removed, and 
to investigate the reasons and causes of such stu- 
pendous events. “It is impossible,” says Mrs. 
Sommerville, when alluding to the star of 1572, 











*Beside the above, the following instances of new stars 
may be noted:—In the year 1670, a new star was discovered 
by Hevelius and Anthelm, near the head of the Swan, 
which, after becoming invisible, reappeared, and after under- 
going several singular fluctuations of light during two 
years, gradually vanished from the sight, and has never since 
been seen, Another new star is said to have been seen the 
same yearat Paris, about the back of the Swan, which 
after the space of fourteen days, vanished away :—Whis- 


‘ton’s Astronomical Lectures, p. 45. 
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o imagine anything more tremendous than a 
iflagration that would be visible at such a dis- 
ace.”? Whether there was anything in the exist- 
ing state of the body alluded to similar to what 
we call a conflagration may be justly doubted, but 
there was a splendor and luminosity concentrated 
in that point of the heavens where the star 
peared which would more than equal the blaze of 
twelve hundred thousand worlds such as ours, were 
they.all collected into one mass, and all at onee 
wrapt in flames. -Nay, it is not improbable that, 
arge as would fill the whole cir- 
the earth’s annual orbit to be 
lendor similar to that of the | 
ly surpass in brilliancy and 
ir to which we refer; for during 
the whole period of its continuing visible, it never 
appeared in the least to shift its position, though 
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|it was carefully watched by the astronomers of 


age; and, consequently, the whole diameter 
he earth’s orbit, while the earth passed from 
one extremity of it to another, appeared only as 
a point at the vast distance at which the star was 
situated. These may appear bold positions, but 
they are in some measure warranted by the facts 
of the case, and they are perfectly consistent with 
what we know of many of the other astonishing 
operations of that Almighty Being who is “won- 
derful in counsel and excellent in working,’ and 
“whose ways,” in providence and creation “are 
past finding out.” 

It is natural to inquire what may have been 
the cause of phenomena so extraordinary and 
sublime; but our limited views of creation and of 
the plans and purposes of its Omnipotent Con- 
triver and Governor prevent us from arriving at 
any, satisfactory conclusions. La Place says in 
reference to this subject—* As to those stars 
which suddenly shine forth with a very vivid 
light, and then vanish, it may be ‘supposed, with 
probability, that great conflagrations, occasioned 
by extraordinary causes, take place on their sur- 
faces; and this supposition is confirmed by their 
change of color, analogous to that which is pre- 
sented to us on the earth by bodies which ate 
consumed by fire.’’** But such an opinion, how- 
ever great the astronomer who proposed it, ap- 
pears quite unsatisfactory. We err egregiously 
when we attempt to compare the puny operations 
and conflagrations which happen on our globe 
with a scene so far transcending everything we 
behold in this terrestrial sphere. The greatest 
conflagration that was ever witnessed on earth 
cannot bear the smallest proportion or similitude 
to an object which must have occupied a space 
more than ten hundred thousand times the solid 
contents of our globe; nor is it li ely that the 
agents or elementary principles which produced 
the respective phenomena were at all similar. 

he late Professor Vince, one of the most 
learned astronomers of his age, has the following 
remark:—** The disappearance of some stars may 
be the destruction of that system at the time ap- 
pointed by the Deity for the probation of its 
inhabitants, and the appearance of new stars may 
be the formation of new systems for new races 
of beings then called’into existence to adore the 
works of their Creator.’+ The late Dr. Mason 
Good seemed to indulge in a similar opinion 
“Worlds, and systems of worlds,” says, he, “are 
not only perpetually creating, but also perpetually 
disappearing. It is an extraordinary fact that, 
within the period of the last century, not less than 





a System of the World, vol. 1, p. 101, 
t Vince’s “Complete System of Astronomy,” 
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thirteen stars, in different constellations, seem to 
have totally perished, and ten new ones to hay 
been ‘created. In many instances it is ung 
tionable that the stars themselves, the supp 
habitation of other kinds or orders of intell 
beings, together with the different planets — 
which it is probable they wete surrounded, have 
utterly vanished, and the spots which they occu- 
pied in the heavens have become blanks. What 
has befallen other systems will assuredly befall 
our own. Of the time and the manner we know 
nothing; but-the fact is incontrovertible—it is fore- 
told by revelation—it is inscribe the heavens 
— it is felt through the earth. s the awful 
and daily text; what, then, oug! the com- 
ment!” Similar to these were the 
the late Professor Robinson, of Edinburgh :— 
‘* What has becomeof that dazzling star, surpas- 
sing Venus in brightness, which shone out all at 
once in November, 1572?’>—“Such appearane 
in the heavens make it evident that, notwit 
standing the wise provision made for maintaining 
that order and utility which we behold in our 
system, the day may come ‘when the heavens 
shall pass away like a scroll that is folded up, 
when the stars in heaven shall fall, and the sun 
shall cease to give his light.? The sustaining hand 
of God is still necessary, and the present order and 
harmony which he has enabled us to understand 
and admire is wholly dependent on his will, and 
its duration is one of the unsearchable measures 
of his providence.” 

Such are the pious-sentiments of the above- 
named respectable philosophers in reference to the 
subject under consideration; but it may be ques- 
tioned whether they are altogether judicious, or 
correspondent to the perfections of the Creator 
and the arrangements he has made in the uni- 
verse. They seem to take for granted that those 
stars which have blazed for awhile, ‘and then dis- 
appeared, have been destroyed or annihilated. 
We are indeed informed that, in regard to our 
globe, a period is approaching when “the elements 
shall melt with fervent heat, and the earth and 
the works that are therein shall be burnt up.’ 
But such a conflagration cannot be justly:com- 
pared to the splendor of those wonderful stars de- 
scribed above. At whatever period in the lapse of 
duration such an event may take place, it will be 
so far from being visible at the nearest star, that 
it would not be seen by such eyes as ours at the 
boundaries of our system. Beside, we are assured, 
in that revelation which announces it, that that 
awful event shall take place as one of the conse- 
quences of the sin. and depravity of man; and 
therefore have no reason to believe that it 
will extend to the sun or any of the surrounding 
planets of our system; nor have we any reason to 
conclude that the conflagration of our globe will 
issue in its entire destruction, or that the elemen- 
tary principles of which it is composed will be 
annihilated. It is more probable, nay, almost 
certain, that this tremendous event will only tend 
to purify our globe from the physical evils which 
now exist, and to transform it into a new and 
happier world for the residence of renovated and 
pure intelligences. In regard to annihilation, we 
have no proof that any particle of matter which 
was ever created has yet been annihilated.* In- 
cessant changes and transformations are going 
forward both in the scene of sublunary nature 
and throughout the celestial regions; but changes 
in material objects do not necessarily imply the 
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* See “ Philosophy of a Future State,” chap. i, sect. 10; 
and “Christian Philosopher.” 
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destruction of ‘the! matter of which they are com- 
posed, but simply a new arrangement or mode of 
operation. We have no, reason to believe that 
any portions of matter which now exist through- 


out the universe will ever be reduced to.annihila- 
| tion. 


On the other hand, we have palpable evi- 
dence, from several phenomena in the heavens, 
that the work of creation is still going forward, 
and that the Creator is gradually ushering into 
existence new suns, systems, and worlds; and 
ating energy will be con- 
| x itself throughout all the. suc- 
ceeding ages of eternity. 
Again, if that-grand and terrific event which is 
to put a final: period to the present terrestrial sys- 
tem is to be viewed as ‘a consequence of the 
introduction of moral evil and the depravity of 
man, then we are led to conclude that those intel- 
ligences which were connected with the systems 










s|which are supposed to have been destroyed must 
have been involved in the guilt of moral degen- 


eracy, or, in other words, in rebellion against 
their Creator; otherwise, why were they subjected 
to such an awful catastrophe, and doomed to be 
blotted out of existence? .We have no. ground 
for entertaining any such supposition. Reasoning 
from, the benevolence of the Deity, it is more pro- 
bable to: conelude that the inhabitants of eur 
world are almost the only intelligences through- 
out the universe who have swerved from the path 
of original rectitude, and violated the moral laws 
of their Maker. Nor is it likely that the whole 
inhabitants of any system, consisting, perhaps, of 
thirty or even of a hundred worlds—would be 
found uniting in rebellion against the moral gov- 
ernment of their Benefactor, so as to warrant: the 
entire destruction of the system with which they 
were connected. Beside, were the views of the 
philosophers to which I allude to be adopted, then 
we must at that the systems which in their 
opinion were destroyed or annihilated must have 
been continued in existence only for a year or 
two; for no luminous bodies occupied the places 
of the new stars before they burst on a sudden to 
the view, and no twinkling orbs have been seen 
in these points of the heavens since they disap- 
peared; but it is surely not at all probable that the 
Almighty would launch into existence systems of 
such amazing magnitude and splendor, and suffer 
them to rush into destruction within a period of 
so very limited duration. 

For the reasons now stated, and others which 
might have been brought forward, I cannot acqui- 
esce in the views of the respectable philosophers 
to which I have adverted; but it is easier to set 
aside an untenable hypothesis than to, attempt an 
explanation of the real causes of so sublime and 
wonderful phenomena. In investigating the dis- 
tant wonders of the universe and the arrange- 
ments of the Divine government, it becomes us 
to express our sentiments with modesty and cau- 
tion. Whatever may have been the causes which 
produced the sudden splendor and the rapid disap- 
pearance of the new stars, I entertain not the 


‘least doubt that those bodies are still in existence, 


and subserving important purposes in the economy 
of God’s universal government. Almost any ny- 
pothesis is to be preferred to that which supposes 
their destruction or annihilation. What should 
hinder us from concluding that the extraordinary 
phenomena of the star of 1572 was owing to a 
luminous orb of immense magnitude, accompa- 
nied with a retinue of worlds, moving with incon- 
ceivable velocity in an immense elliptical orbit, the 
longer side of which was nearly in a direction to 
our eye; that its most brilliant appearance was 
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when it was nearest our system, as at A, (fig. 10); 
supposing £ the relative position of the earth, or 
of our system; and that, as it gradually declined 
in its brightness, it was passing along the curve 
ross A toward B and C, until its rapid flight at 
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length carried it beyond the limits of human 
vision? Had telescopes been in use at that period, 
there is little doubt it would have been seen, 
though still diminishing, for a much longer period 
than that in which it was visible to the unassist 
eye; in which case it would have fully corrobo- 
rated the opinion now stated. In confirmation 
of this explanation of the phenomena it has been 
supposed, with a high degree of probability, that 
it is the same star which appeared in the year 945 
and in 1264, which, of course, would have a 
period of revolution of about 319 years, which 
period might vary two or three years in the 
course of its revolutions, from causes with which 
we are unacquainted, as we find sometimes hap- 
pens in the case of comets. This opinion is ren- 
dered the more probable from the consideration 
uhat the stars of 945 and 1264 appeared in the 
constellation of Cassiopeia, where likewise the star 
of 1572 was observed; and if these be identical, 
then it is probable that it will again make its 
appearance about the year 1891 or 1892; and if 
80, astronomers will then have a better opportu- 
nity of marking its aspects and motions, and 
determining its size and its period of revolution. 

If this explanation appear the most probable, it 
presents to the mind a most magnificent and oyver- 
whelming idea, without supposing anything so 
- tremendous and terrific as a sudden conflagration. 
It presents before us a luminous globe of aston- 
ishing magnitude—perhaps not less than a hun- 
dred times the size of our sun—winging its course 
over a circuit perhaps a thousand‘ times more 
expansive than the orbit of Uranus, and carrying 
along with it a hundred worlds in its swift career. 
The motion of such a body must have been rapid 
in the extreme, when we consider the rapid dimi- 
nution of its apparent magnitude. In the month 
of November it first appeared; in December its 
brightness was sensibly diminished; in the month 
of April following it had diminished to thevsize 
of a star of the second magnitude; in July, to 
one of the third magnitude; in October, to one 
of the fourt1; in the following January, to one 
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of the fifth; in February, to one of the sixth 
magnitude; and in March it disappeared. \ 
Now, according to Sir W. Herschel’s: experi- 
ie , the light of.a star of the first magnitude 
Mier supposed 100, the light of one of the second 
| magnitude is 25, one of the third magnitude, 12, &c. 
(see p. 22). If, then, we suppose these classes of stars 
to be nearly of equal magnitudes, and that their 
distance is in an inverse proportion to the diminu- 
tion of their light, it will follow that a star of the 
second magnitude is four times the distance of a 
star of the first; a star of the third magnitude, 


four times the istance of the second, or eight times 
the distance ore magnitude, &c. Supposing, 
























then, the s 1572 to have been twenty billions 
of miles from the earth at its nearest approach to 
our system; from December, 1572, to April, 1573, 
when it was diminished to the apparent size of a 
star of the second magnitude, it must have moved 
times that distance, or eighty billions of 
during these four months, which is at the 
e of six hundred thousand millions of miles a 
ay, and four hundred and sixty-two millions a 
minute, a velocity of which. we can have no ade- 
quate conception. 

If the above explanation be unsatisfactory, I 
know not to what hypothesis to resort for a solu- 
tion of this mysterious and wonderful phenome- 
non. Whatever view we may be disposed to take 
of such striking events, we are lost in admiration 
and wonder. We behold a display of magnitude, 
of motion, and of magnificence, which over- 
powers the human faculties, which shows us the 
littleness of man and the limited nature of his 
powers, and which ought to inspire us with reve- 
rence of that Almighty Being who sits on the 
throne of the universe, directing all its movements 
for the accomplishment of his wise and righteous 
designs, and for the diffusion of universal happi- 
ness throughout all the ranks of intelligent exis- 
tence. However astonishing the conclusions we 
are led to deduce from the phenomena under con- 
sideration, the facts to which we have adverted 
are not beyond the energies of Him whose per- 
fections are strictly infinite. Nay, from such a 
Being, who is self-existent and omniscient, who 
fills the immensity of space with his presence, 
and whose power is boundless in its operation, we 
should naturally expect that displays of creating 
and sustaining energy would be exhibited, alto- 
gether overwhelming and incomprehensible by 
mortals. ‘Canst thou by searching find out God? 
Canst thou find out the almighty to perfection? 
In the hights of heaven he doth great things past 
finding out, yea, and wonders without number, 
By his spirit he hath garnished the heavens. The 
pillars of heaven tremble and are onishod at 
his reproof. Lo, these are but parts of his ways; 
but the thunder of his power who can under- 
stand?” 
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CHAPTER VII. 


ON VARIABLE SIGNS. 


Wuen the starry firmament is attentively sur- 
veyed, and the aspects of th rous orbs it 
contains particularly marked, ; found that 
several of these bodies are s periodical 
changes in the brilliancy of the 
apparent diameters, indicating in some instances 
motions and revolutions of considerable extent. 







The following sketches contain descriptions of 


the more remarkable phenomena connected 
this class of the heavenly bodies, generally ki 
by the name of variable, or periodical stars: 


The first star of this kind which seems to have: 


been particularly noticed is one in the neck of 
the Whale, whose right ascension is 2h. 8’ 33”, 
and south declination, 3° 57’ 25”. It was first 
observed on August 13th, 1596, by David Fabri- 
cius, when it appeared like a star of the third 
magnitude, but disappeared after the month of 
October in the same year. It was again observed 
by Holworda in the year 1637; and after having 
disappeared during a period of nine months, it 
again became visible; since which time it has 
been found every year pretty regular in its period, 
except from October, 1672, to December, 1676, 
during which time Hevelius could not perceive it, 
though it was a particular object of his attention. 
Bullialdus, a Frenchman, having compared to- 
gether the observations that had been made on it 
from 1638 to 1666, determined the periodical time 
between its appearing in its greatest brightness 
and returning to it again to be 333 days. He 
found also that about 120 days elapse between the 
time that it is first seen of the sixth magnitude 
and its disappearing; that it continues in its great- 
est luster for about fifteen days; that after its first 
reappearance of the sixth magnitude it increases 
in size much faster until it comes to be of the 
fourth magnitude, than it does from that period 
to its being of the third; and that from its being 
of the third it increases to the second magnitude 
by still slower degrees. Modern astronomers give 
the following description :—“<It remains in its 
greatest brightness about a fortnight, being then 
nearly equal to a star of the second magnitude; 
it docreaseiaesurla three months, until it becomes 
completely invisible, in which state it remains 
about five months, when it again becomes visible, 
and continues increasing during the remaining 
three months of its period; but it does not always 
return to the same degree of brightness, nor in- 
crease and diminish by the same gradations.” It 
appears about twelve times in eleven years. Cas- 
sini determined its period to be 334 days; but Sir 
W. Herschel makes it 331 days, 10 hours, 19 
minutes. It appears, then, that this star passes 
through all the gradations of light and magnitude 
from a star of the second toa star of the sixth 
magnitude and under; but after it has disappeared 
to the naked eye it may be traced to its lowest 
magnitude by a telescope of moderate power. It 
is sometimes distinguished by the name of Stella 
Mira, or the wonderful star, and Omicron Ceti. 
In 1704, Maraldi observed a variable star in the 
constellation Hydra. This star had been de- 
scribed by Montanari in 1670, but was not visible 
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in April, 1702. Maraldi saw it for the first time 
in the beginning of March, 1704, in the same 
place where it had been seen thirty-four years 
before. It appeared of the fourth magnitude, and 
continued nearly in the same state until the be- 
ginning of April. It then gradually diminished 
until the end of May, when it could no longer be 
seen by the naked eye, but was visible through 
It could not 
e seen again until the end of November, 1705, 
when that part of the heavens began to emerge 
from the sun’s rays. It was then very faint, and 
grew less and less until the end of February, 
1706, and could then be scarcely perceived even 
with a telescope. It did not reappear until the 
18th of April, 1708, when it was larger than a 
star of the sixth magnitude, and increasing in 
luster. It was seen by the same observer after- 
ward, in the years 1709 and 1712. From the 
observations of Maraldi, Mr. Pigot concludes that 
its period was then 494 days; but from observa- 
tions made by himself he thinks that now it is 
only 487 days; so that from the time of Maraldi 
it has shortened seven days. The following are 
the more prominent particulars relating to this 
star :—1. When at its full brightness it is of the 
fourth magnitude, and does not perceptibly change 
for the space of fourteen days. 2. It is about six 
months in Meressing from the tenth magnitude 
and returning to the same; so that it may be con- 
sidered as invisible during that time. 3. It is 
considerably more quick, perhaps one-half more 
so, in its increase than in itsdecrease. 4. Though, 
when at its full, it may always be styled a star of 
the fourth magnitude, it does not constantly 
attain the same degree of brightness, but the 
differences are very small. 5. Its right ascension 
for 1786 is 31h. 18’ 4”; and its south declination, 
2209’ 38”. It is marked No. 30 in Hevelius’ 
Catalogue of the Stars; from which data, its 
place may easily be found on a planisphere, or on 
the celestial globe. 

In the year 1600, G. Jansonius discovered a 
variable star in the breast of the Swan, which was 
afterward observed by different astronomers, and 
supposed to have a period of about ten years. 
The results of Mr. Pigot’s calculations from the 
observations of former astronomers are—l. That 
it continues in full luster for five years. 2. It 
decreases rapidly for two years. 3. It is invisible 
to the naked eye for four years. 4. It increases 
slowly during seven years. 5. All these changes 
are completed in eighteen years. 6. It was at its 
minimum at theend of the year 1663. 7. It does 
not always increase to the same degree of bright- 
ness, being sometimes of the third, and at others 
only of the sixth magnitude. “I am entirely 
ignorant,” says Mr. Pigot, “whether it is subject 
to the same changes in this century, having not 
met with any series of observations upon it; but 
if the above conjectures are right, it will be at its 
minimum in avery few years. Since November, 
1781, to the year 1786, I have constantly seen it 
of the sixth magnitude, though I suspect that in 
1785-6, it had rather * aaaaliy cig star is 
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near Gamma in the Swan’s breast; it varies from 
the third to the sixth, seventh, &c. magnitudes. 
Its right ascension is 20h. 9’ 54”; north declina- 

fon, 37° 22’ 37"... 

One of the most remarkable of these changea- 
ble stars is that called Algol, in the head of Me- 
dusa, in the constellation Perseus. It had long 
since been known to appear of different magni- 
tudes at different times s period was first 
ascertained by John G icke, Esq., of York, 
who began to observe it in the beginning of the 
year 1783. It changes continually from the first 
or second to the fourth magnitude; and the time 
which elapses from one greatest diminution, to 
the other was found in 1483 to be, at a mean, 2 
days, 20 hours, 49 minutes. The change is thus— 
during four hours it gradually diminishes in lus- 
ter; during the succeeding four hours it recovers 
its first magnitudg by alike gradual increase; and 
during the remaining. part of the period, namely. 
2 days, 12 hours, 42 minutes, it invariably p 
serves its greatest luster; after the expiration 
which its diminution again commences. Accord- 
ing to Mr. Pigot, who has made many observations 
on.such stars, and paid particular attention to the 
subject, the degree of brightness of this star when 
at its minimum is variable at different periods; and 
he is of the same opinion in regard to its bright- 
ness when at its full; but whether these differences 
return regularly or not has not been determined. 
The right ascension of Algol, or 4 Persei, for 


1786, is 2h. 54’ 19”; and its north declination 40° |’ 


6’ 58”. It is situated 12° east of Almaach, in the 
foot of Andromeda, and may be known by means 
of three stars of the fourth magnitude lying a 
few degrees south-west of it, and forming a small 
triangle. It comes to the meridian on the 21st 
of December, about nine o’clock in the evening; 
but as it continues above the horizon at least 
twenty hours out of the twenty-four, it may be 
seen every evening from August to May. 

Another variable star isto be found in the neck of 
the Swan. The period of this star has been settled 
by Maraldi and Cassini at.405 days; but from a 
mean of the observations of Mr. Pigot, it appears 
to be only 392, or at most 3967-8days. ‘The par- 
ticulars relating to it are-—l. When at its full 
brightness, it undergoes no perceptible change for 
a fortnight. 2. It is about three and a half months 
in increasing from the eleventh magnitude to its 
full brightness, and the same in decreasing; for 
which reason it may be considered as invisible 
during six months. 3. It does not always attain 
the same degree of luster, being sometimes of the 
5th, and sometimes of the seventh magnitude. 
The right ascension of this star is 19h, 42’ 21”; 
and its north declination, 32° 22’ 58”. It is situ- 
ated in the neck, and nearly equidistant from 
Beta and Gamma, and south by west from Deneb, 
at the distance of about twelve degrees, and is 
marked Chi. 

The star Eta Antinoi is another star of this 
description, whose variation and period were dis- 
covered by Mr. Pigot in 1785, From his cor- 
rected observations, he concludes that it continues 
Fi greatest brightness forty hours without 

ecreasing; it is sixty-six hours after it begins to 
decrease before it comes to its full diminution; 
after which it continues stationary for thirty 
hours more; and then increases for thirty-six 
hours. In every period it seems to acquire its full 
brightness, and to be equally decreased. Its period 
therefore is seven days, four hours; and its greatest 
and least variation is from the third to the fifth 
magnitude. Its right ascension is 19h. 41’ 34”; 
and its north declination 0° 28’ 14”, It is about 
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eight degreees south from Altair, tho principal 
star in the constellation Aquila. ; : 

The above descriptions may suffice as speci- 
mens of the phenomena of variable stars. ‘I’here 
are about seven or eight other stars which have 
been observed to be certainly variable, among 
which‘are the following:—A star in the N orthern 
Crown, whose right ascension is 15h. 40’ 11”; 
north declination, 28°49’ 30”; and period, 1044 
‘months. A star in Hercules, whose right ascen- 
sion is 17h. 4’ 54”; north declination, 14° 38’; and 
period of variation 6014 days. vA star in Sobieski’s 
Shield, whose right ascension is 18h. 36’ 38"; 
south declination, 5° 56’; and period 62 days. 
The star Baa by —right ascension, 18h. 42’ 11”; 
north declination, 33° 7’ 46”; greatest and least 
variation, 3, 4, 5; supposed period, 6: days, 9 
hours. The star Delta Cephei, whose period is 5 
days, 814 hours; right ascension, 22h. 21’; and 
iorth declination, 57° 50’. With several others. 
side these, whose variations and periods have 
determined, there are about thirty-seven 
ther stars, which are, with good reason, suspected 
to be variable, but whose periods of change have 
not yet been ascertained, on account of the want 
of a sufficient number of observers, who might 
devote their attention more particularly to this 
department of astronomical observation. For ex- 
ample, the star Pollux, or Beta Gemini, is sus- 
pected to change from the first to the third mag- 
nitude. 

When contemplating such changes among 
bodies so immensely distant, and of so vast mag- 
nitude, we are naturally led to inquire into the 
causes which. produce these phenomena. Our 
ignorance, however, of the precise nature and 
constitution of those remote bodies, and of tho 
scenes and circumstances in which they may be 
placed, prevent us.from forming any definite or 
satisfactory conclusions. The following are some 
of the opinions which have been thrown out on 
this subject. It has been supposed that portions 
of the surfaces of these stars are covered with 
large black spots, which, during the diurnal rota- 
tion of the star, present themselyes under various 
angles, and thus produce a gradual variation in 
its brilliancy. ‘Sir W. Herschel says “Such a 
motion may be as evidently proved as the diurnal 
motion of the earth. Dark spots, or large portions 
of the surface less luminous than the rest, turned 
alternately in certain directions, either toward or 
from us, will account for all the phenomena of 
periedical changes in the luster of the stars so 
satisfactorily, that we certainly need not look for 
any other cause.” Sir Isaac Newton thought 
that the sudden blaze of some stars may have 
been occasioned by the “ falling of a comet into 
them, by which means they would be enabled to 
cast a prodigious light for a little time, after which 
they would gradually return to their former 
state.’ But we know too little about the nature 
of comets to be able to determine what effect they 
would produce in such a case, nor are we certain 
that such bodies are connected with other sys- 
tems. If the fixed stars be nearly of the same 
nature as the sun, it is highly improbable that any 
such effect would be produced even although a 
comet were to fall into its luminous atmosphere, 
as that atmosphere appears to have nothing in it 
that would take fire by the approach. of any extra- 
neous body, or that would ‘blaze’ like combus- 
tible substances on the earth. The blaze, if such 
an effect were to take place, would scarcely be 
distinguishable from our globe, and much less 
from a distant system. Maupertius, in a * Disser- 
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of opinion . ae stars, by their prodigious 
quick rotation on their axes, may not only assume 
the figures of oblate spheroids, but that, by the 


great centrifugal force arising from such rota- 
tions, they may become of the figures of mill- | 


stones, or be reduced, to flat circular planes, so 
thin as to be quite invisible when their edges are 
turned toward us, as Saturn’s ring is in such 
positions. And when any eccentric planets or 
comets go round any fixed star, in orbits much 
inclined to its equator, the attraction of the planets 
or comets in their perihelions must alter the incli- 
nation of the axis of that star; on which account 
it will appear more or less large and luminous, as 
“its broadside is turned more or less toward us, 
This opinion, at best, I consider as having a very 
small degree of probability, and almost quite un- 
tenable. Mr. Dunn, in a paper in vol. 52 of the 
‘Philosophical Transactions,’’ supposes that the 
interposition of some gross atmosphere may solve 
the phenomena under consideration. “The ap- 
pearance of new stars,’ says he, “and the disap- 
pearance of others, possibly may be occasioned 
by the interposition of such an ethereal medium 
within their respective orbs as either admits light 
to pass freely or wholly absorbs it at certain times, 
while light is: constantly pursuing its journey 
through the vast regions of space.’’ 

Whatever opinions we may adopt on this sub- 
ject, it is evident that the regular succession of the 
variations of periodical stars preclude the idea of 
their being destroyed. It is likewise evident that 
motion of some kind or other, either in the stars 
themselves or in some bodies either directly or 
remotely connected with them, must be one of the 
causes of the phenomena in question; and it is 
not improbable that different causes in different 
instances may operate in producing the effects. 
It does not appear to me probable that the cause 
which produces the variation in the case of Delta 
Cephei, whose period is only 5 days, 814 hours, is 
the same which produces all the variety of change 
which happens in the star Gamma in the Swan’s 
breast, whose periodical changes are completed 
only in eighteen years. It is not unlikely that a 
rotation round an axis, which has the effect of 
presenting different sides of the star of more or 
less degrees of obscurity or brightness to the eye 
of a spectator, will account for the phenomena of 
such sfars as Kia Antinoi and Delta Cephei; but 
it does not appear probable that a motion of rota- 
tion is so slow in any of these bodies as to occupy 
a period of eighteen years, as in the case of the 
star in the breast of the Swan. 

I am disposed to consider it as highly pro- 
bable that the interposition of the opaque bodies 
of large planets revolving around such stars, may, 
in some cases, account for the phenomena. It 
is true that the planets connected with the solar 
system are so small in comparison of the sun that 
their interposition between that orb and a specta- 
tor at an immense distance would produce no 
sensible effect. But we have no reason to con- 
clude that in all other systems the planets are 
formed in the same proportion to their central 
orbs as ours; but, from the variety we perceive 
in every part of nature both in heaven and earth, 
we have reason to conclude that every system of 
the universe is in some respect different from an- 
other. Thete is no improbability in admitting 
that the planets which revolve round some of the 
stars, may be so large as to bear a considerable 
proportion (perhaps one-half or omeé-third) to the 
diameters of the orbs around which they revolve; 
in which case, if the plane of their orbit lie nearly 
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parts of their revolutions interpose between, our 
eye and. the stars, so as to hide for a time a por- 
tion of their surfaces from our view, while in that 
part of their orbits which is next the earth. Such ~ 
a supposition is by no ‘means inconsistent with 
the operation of the law of universal gravitation; 
for although such planets bore a considerable 
portion of the size of their central luminaries, yet 
we have only to suppose. that their density is very 
small. They may be globes whose central parts 
are devoid of, solid matter, consisting only of a 
solid external shell for the support of inhabitants, 
as is probably the case with the planet Saturn; 
whose density is only equal to that of cork. 

A planet about the size we have now supposed 
revolving around a star would, in a great measure, 
account for the phenomena presented by Algol. 
This star accomplishes the period of its variations 
in 2 days and nearly 21 hours. During 314 or 4 
jours it gradually diminishes in luster, and during 
e succeeding four hours it gradually recovers 
is first magnitude. Throughout the remaining 
part of the period—namely, 2 days, 12 hours, 42 
minutes,—it invariably preserves its greatest lus- 
ter; so that the time of its being diminished in 
luster is only about the ninth part of its whole 
period of variation. Now supposing a planet 
about half the diameter of the star revolving 
around Algol, it would intercept, a large portion 
of its surface when it passed between our eye and 
the star, as.at a, 6 (fig. 11), where the white cir- 
cular ring represents the surface of the star partly 
covered by the planet. Its luster would begin to 


Fig. 11. 





diminish when the planet entered on its edge at 
d, and it would again resume its full brightness 
when going off at ¢, the dark side ofthe planet 
being of course turned to our eye; and. during 
the remaining: part of its revolution it would 
appear in its brightest: luster. "The regularity of 
the changes of this'star admits of the supposition 
now made, and evidently requires a regular mo- 
tion of some kind or other, either in the star itself 
or in some body connected with it, in order to 
produce the phenomena. Perhaps, in the case 
of some of the variable stars, we might suppose 
several large planets in succession to pass between 
our eye and the star to account for the appear- 
ance they present—a supposition which perfeetly 
agrees with the idea of a system of revolving 
bodies. 

As it is not probable that the changes of a 
such stars arise from the samo cause, what should 
hinder us from supposing that there are stars or 
suns that revolve around planets of a size immensely 
greater,—the planets, for example, bearing a simi- 
lar proportion to the stars as the sun bears to 
Jupiter? Considering the immense variety of 
celestial mechanism throughout the universe, there 
can be no great improbability in such a supposi- 
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in the line of our vision, they would in certain] tion. The case of double stars demonstrates that 
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one sun actually revolves round another; and why. 


may not a sun revolve around a central planet, 
whose surface may contain forty times the area 
of all the planets of our system, in order to dis- 
tribute light and heat, and other beneficial influ- 
énces, to its numerous population? No violation 
of the law of universal gravitation is implied in 
such a supposition; and the Almighty is not con- 
fined to one mode of arranging systems and, 
worlds. Supposing, then, such an arrangement 
to exist, it might account for the phenomena of 
some of the variable stars, particularly those 
which remain invisible for a certain period. Such 
are some of those formerly noticed, as the star in 
Hydra, and that in the breast of the Swan, and 
particularly a star in the Northern Crown, whose 
right ascen. is 15° 40’, north declin. 28° 491’, 
and period 104g months, and which decreases from 
the sixth to the ninth and tenth magnitude. It 
attained its full brightness about the 11th of Au- 


gust, 1795, and continued so for three weeks; in 


314 weeks it decreased to the tenth magnitude, 
and a few days afterward disappeared. After 
being a considerable time invisible, in April, 1796, 
it again appeared; on the 7th of May, it reached 
the ninth magnitude, and then gradually attained 
its full brightness. If, then, such a star was re- 
volving round a very large central planet, it is 
easy to conceive that in the more'distant part of 
its course it might be hid from our view, either in 
whole or in part, by the interposition of the 
opaque central body, as is obvious from an inspec- 
tion of figure 12. And as the star now alluded 
to never exceeds in luster a stur of the sixth 
magnitude, it is not improbable that it is one of 
the inferior order of those luminous orbs which 
may revolve round an opaque body of superior 
magnitude. 


Fig. 12. 









Such, then, are some of the conceivable causes 
which may produce the phenomena of variable 
stars, although other causes may in some cases 
exist of which we have no conception. These 
phenomena evidently indicate that motions and 
revolutions of various kinds are going forward 
throughout the stellar regions; that the Almighty 
is superintending the movements of those pro- 
vinces of his empire, and that all his agencies 
have a respect to the order and the happiness of 
intelligent existence. 

Beside the periodical variations to which we 
have now adverted, there are several other striking 
changes which have been observed in the starry 
regions which deserve our attention, and which I 
shall briefly notice. 

1. Several stars which were formerly distinctly 
visible, and are marked in different catalogues, 
are now wholly lost. The following are a few 
mstances. M. Montanero, professor of mathemat- 
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ics at Bononia, in a letter to the Royal Society, of 
date April 1670, gives the following statement:— 
“ There are now wanting in the heavens two stars 
of the second magnitude, in the stern and yard 
of the ship Argo. I and others observed them in 
the year 1664, upon occasion of the comet that 
appeared that year. When they disappeared first 
I know not: only Iam sure that, in the year 1668, 
upon the 10th of April, there was not the least 
glimpse of them to be seen, and yet the other stars 
about them, of the third and fourth magnitudes, 
remained the same. I have observed many more 
changes among the fixed stars, even to the num- 
ber of a hundred, though none of them are so 
great as those I have showed.’ In 1670, Anthelm 
discovered a star of the third magnitude in the 
head of the Swan, which after becoming completely 
invisible, reappeared, and after undergoing one or 
two singulur fluctuations of light during two years, 
at last died away entirely, and has not since been 
seen. Sir William Herschel gives a list of thirteen 
stars, most of which are supposed to be lost. Of 
these are the following:—Nos. 80 and 81 of Her- 
cules, both of the fourth magnitude; the 19th of 
Perseus, of the sixth magnitude; and the 108 Pis- 
ces, are judged to be wholly lost. The stars 73, 
74 Cancer, in the southern claw of the Crab, of 
the sixth magnitude, are either lost or have suffer- 
ed such great changes that they can no longer 
be found. On this subject Sir John Herschel 
states—“ The star 42 Virginis is inserted in the 
catalogue of the Astronomical Society from Zach’s 
Zodiacal Catalogue. I missed it on the 9th of 
May, 1828, and have since repeatedly had its 
place in the field of view of my twenty feet re- 
flector without perceiving it, unless it be one of 
two equal stars of the 9th magnitude very nearly 
in the place it must have occupied.” 

2. Some stars have changed their magnitudes 
since the beginning of last century. A consider- 
able number of stars. marked by Flamstead, in his 
Historia Celestis, are now found to be of different 
magnitudes since the period in which he observed 
the heavens and formed his catalogue. For ex- 
ample; the lst and 2d of Hydra are now only of 
the eighth or ninth magnitude instead of the 
fourth, as they are marked by Flamstead. The 
31st and 34th of Draco have changed greatly; the 
31st has increased from the seventh to the fourth, 
and the 34th has diminished from the fourth to 
the sixth or seventh magnitude. The 38th Per- 
seus, instead of the sixth, has now increased to 
the fourth magnitude. About thirty stars of this 
description are reckoned by Sir W. Herschel to 
have changed their magnitudes. 

3. There are stars unknown to the cbservers of 
former times which have recently become visible. 
The following, among others of this description, 
have been marked by Sir W. Herschel:—1. A sta 
in the end of the Lizard’s tail, of the fourth o 
fifth magnitude, which is not recorded by Flam 
stead, although he notices one in that constellation 
less conspicuous. 2. A star near the head of Ce 
pheus. 3. A considerable starin a direction from 
the 68th to the 61st of Gemini. 4. A star of con: 
siderable brightness preceding the Ist of the Little 
Horse. 5. A remarkable star between B ando 
Hydrae. 6. Astar near J Hercules, of the fourth 
or fifth magnitude, with several others. Similar 
observations appear to have been made about the 
end of the seventeenth and the beginning of the 
eighteenth centuries, by Cassini and others. Cas- 
sini discovered a new star of the fourth, and twe 
of the fifth magnitude in Cassiopeia; two in the 
constellation Eridanus, one of the. fourth, the 
other of the fifth magnitude; and four of the fiftk 
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and sixth magnitude near the north pole, which 
aad not been perceived at a former period. 

Such changes in bodies so far removed from our 
system, and of magnitudes so enormous as the 
least of them must be, naturally lead to the con- 
clusion that revolutions of vast extent, and opera- 
tions conducted on a most magnificent scale, are 
incessantly going forward in those remote and un- 
explorable regions. In the case of stars which have 
totally disappeared, we are led to conclude, either 
that some vast and important change has taken 
place in the constitution of certain worlds or sys- 
tems, or that the central luminaries of such sys- 
tems, with all their surrounding planets, have 
been transported by some unknown and almighty 
agency into more distant regions of space, where 
they may remain forever hid from our view. As 
to those stars which have changed their magni- 
tudes within the last century, they may either be 
approaching to or receding from the.system to 
which we belong, or their native brightness may 
be either increasing or diminishing from causes 
with which we are. unacquainted; or some ethe- 
real mediums of a peculiar nature may be inter- 
posed between our sight and those distant orbs. 
With respect to stars unknown to former observ- 
ers which have recently become visible, it is not 
unreasonable to suppose that these are new systems 
recently launched from the creating hand of the 
Omnipotent, to diversify his creation and augment 
the glories of his empire, as well as to distribute 
happiness among new orders of sensitive and in- 
telligent existence. We ought not to imagine 
that the work of creation, considered as a whole, 
is yet finished, or ever will be finished during an 
indefinite lapse of ages.. When it is stated by the 
inspired writer of the book of Genesis that “ God 
rested frorn all his work,’? we are to understand 
the expression only in reference to the formation 
or arrangement of the world in which we reside 
into the form and order in which we now behold 
it; for to this arrangement chiefly, if not solely, 
the descriptions of the sacred historian in the first 
chapter of Genesis refer. It is in perfect accor- 
dance with the idea of a Being possessed of om- 
nipotent power, boundless goodness, and endless 
duration, that his creating energies should never 
cease in their operation throughout all the periods 
of an interminable existence; and the phenomena 
to which we refer are a strong presumption, if 
not a demonstrative evidence, of a continued se- 
ries of creations. These new creations may be 
bursting forth in the remote spaces of the universe, 
in various degrees of splendor and magnificence, 
to an extent of which we have no conception; 
and from the character and perfections of the Di- 
vinity, we have reason to believe that such pro- 
cesses will be incessantly going forward throughout 
all the ages of eternity. 

Whatever opinions we may be disposed to form 
as to the phenomena to which we have adverted, 
they tend to convey to the reflecting mind mag- 
nificent views of the physical energies of the 
Almighty, in arranging the different departments 
of his boundless dominions, and accomplishing 
the purposes and plans of his moral government, 
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and they naturally excite in the mind a desire of 
future existence, and an ardent wish to behold 
the vail which now intercepts our views of these 
glorious orbs withdrawn, and to contemplate the 
scene of divine operation in all its splendor and 
magnificence. 

At first view, it may appear a circumstance 
of comparative insignificance to behold a small 
star, scarcely distinguishable to the eye, waxing 
brighter, or growing dimmer, or vanishing alto- 
gether from the view; or a star appearing ina 
point of the heavens which was unoccupied be- 
fore. The distant blaze of a field of furze, the 
falling of a tower, or the conflagration of a cot- 
tage, may to some appear events of far greater 
interest and importance; but such events in the 
heavens as those to which we refer may be con- 
nected with scenes as astonishing—though per- 
haps not so tremendous—as if the sun were shorn 
of his rays and turned into darkness, and this 
earth and all the planetary globes shattered to 
their centers and wrapped in flame; or, as if a 
new sun of superior magnitude were to appear in 
our system, and to illuminate our globes with a 
new species of light and colors. Objects at a 
great distance from the observer make little im- 
pression on the organs of vision, and seldom 
affect the mind. A fleet of the largest ships.of war 
viewed from the top of a tower at fifty miles dis- 
tance appears only like a few almost undistinguish- 
able specks on the verge of the horizon, while the 
fate of individuals, families, communities, and 
even empires, may depend upon the encounter in 
which they may be engaged. The conflagration 
of a city of ten hundred thousands of inhabitants 
may appear at a distance as only a faint glimpse 
of light in one point of the horizon, while palaces, 
and temples, and thousands of splendid fabrics are 
turned into smoking ruins, and multitudes are 
thrown into the utmost consternation, and perish- 
ing in the flames. The burning of the cily of 
Moscow, as beheld from the moon when the dark 
side of the earth was presented to that orb, would 
appear only like a dim lucid speck, scarcely dis- 
tinguishable from the other parts of the earth’s 
surface. And if this be the case in respect to 
objects within such limited distances, what aston- 
ishing scenes may be the result of what we per- 
ceive in bodies many thousands of millions of 
miles distant, when we behold them disappearing 
to our view, or even when we perceive their light 
only increasing or diminishing? Here imagi- 
nation is left to fill up the picture which the 
organs of vision so dimly perceive. We are to 
consider that’ the orbs to which we allude are lu- 
minous globes of immense size,—that they are 
doubtless encircled with a retinue of worlds 
replenished with inhabitants,—that what to us 
appears a slight change of aspect may to them be 
the commencement of an era of new glory and 
splendor,—that the Almighty rules over those dis- 
tant regions as well as “among the inhabitants of 
the earth,’’—and that all the changes which hap- 
pen among them are in unison with his eternal 
designs, and subsreve the ends of his universal 
government. 
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CHAPTER VIII. 


ON DOUBLE STARS AND BINARY SYSTEMS. 


In whatever part of creation we survey the 
operations of the Almighty, we uniformly find 
the characteristic of variety impressed upon all 
his works. ‘This is evident in all the kingdoms 
of nature connected with our globe, where the 
multitude and diversity of animals, vegetables, and 
minerals, cannot but strike the eye even of the 
most superficial observer. Though the same 
general laws appear to pervade the material uni- 
verse, so far as our observation extends, yet these 
laws'are so comprehensive and so endlessly modi- 
fied as to produce an immense variety of minute 
and wonderful effects. It is more difficult to trace 
the operation of these laws in the remote spaces 
of the universe than in our terrestrial sphere. But 
even in regions of creation immeasurably distant 
we can perceive the agency of the same powers 
which are at work in conducting the movements 
of our planetary system; and not only so, but we 
ean trace these powers, while operating with their 
native energy, wonderfully modified, and produ- 
cing effects altogether different from those which 
we experience in the system of which we form a 
part, evidently indicating that a variety, analogous 
to that which we behold in the scene around us, 
marks the operations of the Creator throughout 
the immensity of his works. This will more 
clearly appear in the descriptions,we shall now 
give of the phenomena of double and multiple 
stars. 

The phenomena of double stars do not seem to 
have been much attended to until Sir W. Herschel 
commenced his extensive observations on the 
sidereal heavens. About a century ago, the astro- 
nomers of that period seem to have been aware 
that “several stars which appear single to the 
bare eye are by the telescope, discovered to be 
double.”? The principal stars of this description 
which they mention are,—the head of Castor, the 
first in the head of the Ram, the star Gamma in 
the breast of Virgo, and the middle one in the 
sword of Orion. Conceiving the fixed stars as 
bodies precisely of the same nature, and that no 
specific or diversified arrangements prevailed 
among them, they do not appear to have entered 
upon any minute surveys, by the telescope, of 
particular stars; and their idea respecting the 
double stars they had detected was merely this,— 
that a small star, at a very remote distance from 
another, might happen accidentally to lie nearly 
in the same line of vision as the larger one; and, 
on this ground, Dr. Long, in his “Astronomy,”? 
shows how the annual parallax would be discov- 
ered by a star appearing single at one time of the 
year, and double‘at another. It appears to have 
been chiefly with an object of this kind in view 
that Sir William Herschel commenced his nume- 
rous observations in this department of sidereal 
investigation. But, as we are informed by his 
son, who has distinguished himself in an eminent 
manner by similar observations, he had hardly 
entered on the measurements of the angles of 
ee — distances of double stars, before 





he was diverted from the original okject of his 
inquiry by phenomena of a very unexpected cha- 
racter, which at once engrossed his whole atten- 
tion. The circumstances alluded to shall be 
particularly described in the sequel, after I have 
given a brief sketch of the phenomena of double 
stars. 

When a.telescope of considerable power is di- 
rected to certain stars which appear single to the 
naked eye, another star, generally much smaller 
than that which appears to the unassisted eye, is 
seen quite adjacent to it, and in some cases the 
interval between the two stars is. so small that it 
requires a very high degree of light and magnify- 
ing power to be able to perceive that they are two 
distinet bodies. Only a few, perhaps not exceed- 
ing six or eight, of these stars were known to the 
astronomers of the age preceding that of Her- 
schel; but this illustrious astronomer, with un- 
wearied perseverance, detected no less than 500 
double stars, and presented to the Royal Society a 
list in which their situation and relative positions 
are distinctly marked. These observations of the 
elder Herschel were followed up by other obser- 
vers, particularly by Sir J. Herschel and Sir 
James South, who, in the year 1824, soon after 
Sir W. Herschel had ceased from his labors, pro- 
duced a catalogue of 380 double-stars, whose 
distances and angles of position they had deter- 
mined with the utmost accuracy and precision.— 
Sir J, South afterward produced a distinct cata- 
logue of 480, and Sir J. Herschel a list of upward 
of 3300 of double and triple stars, from his own 
solitary observations, accompanied with all the mi- 
crometrical measurements. Striive, the celebrated 
astronomer of Dorpat, has arranged a catalogue 
of no.less than 3000 double stars; and before he 
determined the characteristics of each of these, he 
examined about 120,000 stars—a laborious pro- 
cess, Which none but an astronomical observer 
can duly appreciate.. Mr. Dunlop has formed a 
catalogue of 250 double stars in the southern 
hemisphere; and Sir J. Herschel, during his late 
residence at the Cape of Good Hope, has added 
considerably to their number; so that we may 
now reckon about 6000 of these interesting objects 
as having already been discovered, even making 
allowance that many of these objects are com- 
mon to the lists of the observers now specified. 

It is not at all improbable that the phenomena 
of some of the double stars now alluded to may 
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arise from accidental proximity, the one star, 
though far remote and unconnected with the other, 
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lying nearly in the same visual line. Thus, the 
star a, fig. 13, might appear nearly in contact with 
the star 6, placed at an immense distance beyond 
it, when viewed nearly in the same straight line 
by the eye at c, so'as to produce the phenomena 
of a double star atd 6. But, reasoning a priori, 
it appears in the highest degree improbable that 
such coincidences should happen in the case of 
all, or even of the greater part of the double stars 
which have now been discovered; and there- 
fore Mr. Mitchell, so early as the year 1783, in a 
paper inserted in the ‘‘Philosophical Transactions”’ 
for that year, states it as his opinion that they are 
binary systems intimately connected. “The very 
great number of stars,”’ says he, ‘that have been 
discovered to be double, treble, &c., particularly 
by, Mr. Herschel, if we apply the doctrine of 
chances, as I have done in my ‘Inquiry into the 
probable Parallax of the Fixed Stars,’ published 
in the Philosophical Transactions for 1767, cannot 
leave a doubt with any one properly acquainted 
with the force of those arguments, that by far the 
greatest part, if not all of them, are systems of 
stars so near each other as probably to be liable to 
be affected sensibly by their mutual gravitation; 
and it is therefore not unlikely that the periods of 
the revolutions of some of these about their prin- 
cipals may some time or other be discovered.” 

The prediction here announced by this inge- 
nious gentleman has now been fully realized by 
Sir William Herschel and other astronomers, and 
is no longer a subject of conjecture, but an as- 
certained fact. This is the discovery to which I 
have alluded above, one of the most important and 
interesting discoveries which astronomy has un- 
folded during the present age, and which opens to 
our view a new prospect of the plans and arrange- 
ments of Infinite Wisdom. 

Having made these preliminary remarks, I shall 
now proceed to a more particular detail of the 
facts which have been ascertained respecting bina- 
ry systems. : 

When Sir W. Herschel first directed his atten- 
tion to this subject, in order if possible to deter- 
mine the annual parallax, he was not a little sur- 
prised that, instead of finding, as he expected, a 
regular annual change of the two stars, by one 
alternately shifting its position with respect to the 
other, which a parallax would have produced, he 
observed in many instances “a regular progressive 
change, in some cases bearing chiefly on their dis- 
tance, in others on their position, and advancing 
steadily in one direction, so as clearly to indicate 
either a real motion of the stars themselves, or a 
general rectilinear motion of the sun and whole 
solar system, producing a parallax of a higher 
order than would arise from the earth’s orbital 
motion.”? In an elaborate paper on this subject, 
read before the Royal society, June 9, 1803, he 
considers specifically all the motions and combina- 
tions of motion that can possibly be supposed, 
in order to account for the phenomena, particu- 
larly of the double star Castor, and satisfactorily 
defonstrates that nothing but the idea of the 
smaller star revolving around the larger in a cir- 
cular or elliptical orbit will solve the phenomena 
in question; and this conclusion has been amply 
confirmed by all succeeding observations. Such 
stars, therefore, must- be considered as physi- 
cally connected by the law of mutual gravitation, 
so that they describe orbits around each other and 
around their common center of gravity, and bear 
a relation to each other similar to that which the 
planets bear to our sun. 

From the paper of Sir W. Herschel now referred 
tu, I shall select, as a specimen of the motions of 
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double stars, some of his observations of Castor, 
or a Geminorum. It appears that Dr. Bradley in 
the year 1759 had observed the position of the two 
stars which form this double star, and communi- 
cated it to Dr. Maskelyne, who made a memoran- 
dum of it, of which the following is a copy:— 
“Double star Castor. No change of position of 
the two stars; the line joining them at all) times 
of the year, parallel to the line joining Castor and 
Pollux in the heavens, seen by the naked eye.”— 
The object of Dr. Bradley in observing the exact 
position of these stars was, to determine if any 
change happened in their position at opposite pe- 
tiods of the year, so as to indicate annual pa- 


rallax. The angles of position observed by Sir 
W. Herschel are as follow: 

Times of Angles of 
the observations. Position. 
Nioviemmberle lao. ssi culoe st ae dete 3 56° 32: 
November, 0351.7 (9 Jaca e0's « oisccvaeindee 30 229 
His harwamry 2s COI ge) siecesalate, surat onarebanare 23 36 
December 15, 1795......\..... Beta kOe Soe 
Mareh 26, 4800! Sacislasiclas oeceatarte 1ST} 
December Sil,71 SOs x tescjarcias at ~ setehstges 1212. 
Pebruarys28; 1802: cr.6 23! silat sicterstats TEL 
Mareh Pals GS0B osskyteceiaysis/scone ies ee 10. 53 


From ‘these observations it appears that from 
the year 1759, when Dr. Bradley observed the po- 
sitions of the two stars, to the year 1803, there 
has been a portion of an orbit described by the 
smaller star around the greater equal to forty-five 
degrees and thirty-nine minutes; and from the 
time that Herschel commenced his observations 
in 1779 until 1803,an arch of twenty-four degrees 
and thirty-six minutes had been passed over.— 
Hence Sir W. Herschel concludes—The time of 
a periodical revolution may now be calculated 
from the arch 45° 39’, which has been described 
in 43 years and 142 days. The regularity of the 
motion gives us great reason to conclude that the 
orbit in which the small stars moves about Castor, 
or rather the orbits in which they both move 
round their common center of gravity, are nearly 
circular and at right angles to the ling in which 
we see them. If this should be nearly true, it 
follows that the time of a whole apparent revolution 
of the small star round Castor will be about 342 
years and two months.” This subject may be 
illustrated to the general reader by the following 
diagram: 





7 ee 
Let the small central circle © represent the 
larger star Castor, and D the smaller star, and let 
the line E F represent the direction of the two 
stars in a line with the star Pollux, at E, as ob- 


served by Dr. Bradley in 1759. In November, 
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), they were found in the position C H, twen- 
ty- degrees’ from the position they occupied 
y-ohe deg 

twenty years before; in February, 1791, they 
were thirty-three degrees from the same position, 
&c.; and in March, 1803, forty-six and a half de- 
grees; giving evident indication of a regular pro- 
gressive motion in a circle. Since 1803 its mo- 
tion has been regularly traced by Strive, Sir J. 
Herschel, and Sir J. South; and in 1816 it wag 
found about 57° from its first position, and in 
1830 about 68°, still regularly progressing. In 
1819, the distance of the small star from Castor 
onds and a half, and in 1830 it was 
four seconds and a half. Although 
1, as above stated, conjectured the 
period of revolution to be about 342 years, yet 
later astronomers, from a comparison of all the 
observations recently made, are disposed to con- 
clude that its period is little more than 250 years. 

More than fifty instances of changes in the 
angles of position of double stars were observed 
by Sir W. Herschel, beside those which have been 
more recently observed by his son and other 
astronomers, most of which indicate motions 
which are regularly progressive; but a considera- 
ble number of years must elapse before their pe- 
riods can be determined with any degree of aceu- 
racy. The following double stars are considered 
as demonstrative instances of circular progressive 
motion :—y Virginis, g Urse Majoris, 70 Ophiu- 
chi, ¢ and » Corone, € Bootis; » Cassiopeia, » 
Leonis, 9 Herculis, d Cygni, 4 Bootis, ¢ 4 and ¢5 
Lyre, 4 Ophiuchi, ~ Draconis, ¢ Bootis, and ¢ 
Aquarii. The periodic times of some of these 
have been determined to a near approximation. 
One of the stars of Gamma Virginis is reckoned 
to revolve about the other in the space of 629 
years; the small star of Gamma Leonis, in 1200 
years; the star connected with Epsilon Bootis, in 
1600 years; that of 61 Cygni, in 452 years; that 
of Siyma Corone, in 287 years; that of 70 Ophi- 
uchi, as ascertained by Professor Encke, in 80 
years; that of Ai Urse, in 58 years; that of Zeta 
Caneri, in 55 years; and that of Eta Corone, in 
43 years. . 

A whole revolution of some of these stars has 
been nearly completed since observations began to 
be made on such objects. The motion of the 
small star of Xi Urse began to be traced about 
the year 1781; in 1819, it had moved 219° from 
its position in 1781; in 1830, it was 303 from that 
position, progressing in a circle; and about this 
time, or the beginning of 1840, it has probably 
finished its orbital revolution. The star Eta Co- 
ronw, whose period is forty-three years, has not 
only accomplished a complete revolution, but is 






riod. Sir J. Herschel; during his late sojourn at 
the Cape of Good Hope, is said to have discovered 
in the southern skies, binary stars,-whose periods 
of revolution are even shorter than those now 
stated, their change of position having been quite 
perceptible during the three or four years of his 
residence in that quarter. Sir W. Herschel, in 
the paper to which I have already referred, states 
observations which furnish us with a phenomenon 
which is new in astronomy—namely, the occulta- 
tion of one star by another. Witha power of 460, 
in July, 1782, the stars.of Zeta Herculis were 
then half the diameter of the small star asunder; 
in 1795, he found it difficult to perceive the small 
star with the same power; in 1802, the small star 
could’no longer be perceived, but the apparent 
disc of the large star seemed to be a little length- 
ened one way. With his ten feet telescope, and a 
power of 600, he*found it to haye the appearance 
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of a wedge-formed star. On the 11th of April, 
1803, he examined the apparent disc with a power 
of 2140, and found it, as before, a little distorted, 
but there could not be more than about three- 
fourths of the apparent diameter of the small star 
wanting to a complete occultation. ‘ Most pro- 
bably,” he observes, “the path of the motion is 
not quite central; if so, the dise will remain a 
little distorted during the whole time of the con- 
junction.” This phenomenon evidently demon- 
strates the fact of circular orbital motion, per- 
formed in a plane nearly parallel to our line of 
vision. 

The star Gamma Virginis has presented pheno- 
mena nearly similar to that of Zeta Herculis 
This star is remarkable both for the length of its 
period, the rapid increase of the angular motion 
of the two stars of which it is composed, and 
particularly the great diminution of their apparent 
distance. It has been known as a double star for 
at least 120 years. The two stars of which it is 
composed, and which are nearly equal, were so 
far apart about the middle of the last century 
that they were marked in Mayer’s catalogue as 
two distinct stars, so that any moderately good 
telescope would have shown their separation, be- 
ing at that period about seven seconds distant 
from each other. Since that time they have been 
constantly approaching, and in 1833 were scarcely 
more than a single second asunder; so that a 
common telescope was insufficient to show their 
separation, and even telescopes of very superior 
power could show them no otherwise than as a 
single star somewhat elongated. According to 
Sir J. Herschel’s computations, the small star must 
have arrived at its perihelion on the 18th of An- 
gust, 1834. He also determined the inelination of 
the orbit to the visual ray to be 22° 58’, and the 
angle of position of the perihelion projected on the 
heavens, 36° 24’. The small star of Eta Corone 
reached its perihelion in 1835; and it-is calculated 
that the revolving star of Castor will reach the 
same point during the year 1855. 

From the observations that have been made on 
binary stars, it now appears demonstrable that the 
law of gravitation extends its influence to the 
starry regions; that the same laws of motion 
which direct the planets in their courses, and con- 
nect them with the sun as their center, likewise 
operate in these binary systems in carrying one 
star around the center of gravity of another. It 
has often beeri surmised that gravitation is a power 
which is universal in its influence; and here we 
have a proof that it extends not only beyond tho 
range of the planetary system and the orbits of 


| the most eccentric comets, not only to stars 
actually considerably advanced in its second pe- 


reckoned the nearest to our globe, but to these of 
the third, fourth, and even tenth magnitudes, 
which may be supposed many hundreds of bil- 
lions of miles farther distant; thus rendering it 
highly probable that it is a fundamental law of 
matter, and extends its energies throughout the 
amplitudes of creation, combining in one vast 
system all the operations of the Eternal. 

The orbits in which the one star moves around 
the other are found to be elliptical, which is the 
same kind of curve in which the earth and the 
other planets move round the sun, in which the 
satellites of Jupiter, Saturn, and Uranus perform 
their revolutions round their respective primaries 
—another proof that the same general law ope- 
rates in both cases. Some of these orbital mo- 
tions are retrograde and others are direct, or in the 
same direction as the motions of the planets of 
our system. In some cases it happens that the 
edge of the orbit of the revolving star is presented 
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to the earth, or in a line nearly parallel to that of 
our vision, as is found in the star 7 Serpentarii; 
in which case the star appears to move in a straight 
line, and to. oscillate on each side of the larger 
star around which it revolves, ina manner similar 
to that of the satellites of Jupiter, which appear 
to pass from the one side to the other of the planet 
in nearly straight lines, because the plane of their 
orbits is nearly in a line with our eye. At the 
time when Sir W. Herschel first observed this 
binary system, the two stars were distinctly sepa- 
rate, but at present the small star is so completely 
projected on the other that even Strive, with his 
powerful telescope, cannot now perceive the least 
separation between the two bodies—a fact which 
evidently demonstrates that to our eye the one is 
passing across the disc of the other, and that a 
number of years hence it will appear on the other 
side of the larger star. On the other hand, the 
two stars of Zeta Orionis are now separated by a 
small interval, although they appeared as one star 
in the time of Sir W. Herschel; all which phe- 
nomena demonstrate a motion in a circular or 
elliptical orbit, the plane of which lies oblique to 
our eye; and it has been calculated, from the ap- 
parent motions of these bodies, that the ellipses 
im which they move are in general more elongated 
than the orbits of the solar planets. On the whole, 
to use the words of Sir John Herschel, ‘‘ we have 
the same evidence of their rotations about each 
other that we have of those of Uranus and Saturn 
about the sun; and the correspondence between 
their culculated and observed places in such very 
elongated ellipses must be admitted to carry with 
it proof of the prevalence of the Newtonian law 
of gravity in their systems, of the very same na- 
ture and cogency as that of the calculated and 
observed places of comets round the central body 
of our own.” 

Having stated the above general facts respecting 
binary stars, I shall now present to the reader a 
few telescopic views of these objects. 

Fig. 15 represents a telescopic view of Epsilon 
Bootis, with a magnifying power of about 200 
times. This is reckoned a very beautiful double 
star on account of the different colors of the stars 
of which it is composed, and has an appearance 
somewhat similar to a planet and its satellite, both 
shining with innate but differently colored light. 
The small star is of a bluish color, and is separa- 
ted from the other by a space equal to the diame- 
ter of the larger star, and its apparent size is one- 
third of the other. It is sometimes called Mirac, 
and it is situated about ten degrees north-east of 
Arcturus. The large star has a reddish tinge. 

Fig 16 is 2 Herculis: the small star is of a_blu- 
ish color, separate from the other two diameters 
of the large star; the blue star is one-third the 
size of the other. It is situated in the head of 
Hercules, about thirty degrees south-west from 
the bright star « Lyre, and six degrees north- 
west from Ras Alhague, a star of nearly the same 
magnitude. It comes to the meridian about the 
middle of July, at nine o’clock in the evening, at 
an elevation of about fifty-two degrees. This 
star is also distinguished by the name Ras Algethi, 
and may be seen marked in Plate II, which con- 
tains a map of stars which are seen near the me- 
ridian about the beginning of September. 

Fig. 17 is a view of 7 Andromede: the small 
star is of a fine greenish-blue color, separate from 
the large star about nine seconds, or four diame- 
ters of that star; the larger star is of a reddish 
white. Itissituated in the left foot of Andro- 
meda, and is distinguished by the name Almaack. 
It is a star of the second magnitude, about forty- 





two degrees of north declination, and passes the 
meridian, in the beginning of December, about 
half past ten in the even- 
ing, about tendegreessouth Fig. 
from the zenith. Itisabout 15 
twelve degrees nearly due 

west from the variable star 

Algol. 

Fig. 18 is Zeta Cygni: 46 
the smaller star is blue, - ~ 
and they are separated about. 
ten diameters. This star 
is situated in the eastern 
wing of the Swan—right 47 
ascension, 21h. 4’, north de- \ ease 
clination, twenty-eight de- = 
grees, and is about twenty degrees south-east of 
Denib, the principal star of this constellation. 

Fig. 19 represents Zeta Fig. (eaeeeeemmgs 
Aquarii. The two stars are 18 |Beay 2k 
nearly equal in apparent 
magnitude, and one diame- 
ter anda half separate from 
each other; both stars are 
of awhitish color. Itisin 
the middle of three other 19 
stars, which together form is 
a figure resembling the letter Y. Its right ascen- 
sion is 22h. 20’, and its south declination about 
two degrees. It is a star of about the third mag- 
nitude, and comes to the meridian at nine o’clock 
in the evening about the middle of October. 

Fig 20 represents the Pole-star. The accom- 
panying star is a very faint point, and requires an 
accurate telescope with considerable power to dis- 
tinguish it. The large star is white, and the small 
star somewhat of a ruddy appearance, and is dis- 
tant from the larger seventeen seconds, or about 
three or four of its diameters. ty 

Fig. 21 is the double star Fig. 

Castor. The smaller star 2 
is nearly half the size of 

the larger, and they are 
distant about five seconds, 

or two diameters of the Q] 
principal star. They aro 

both of a whitish color. 
Their situation may be 
found on Plate I. Castor 922 
and Pollux lie to the north- eee, 
west of Orion, at a considerable distance from it. 
They are very conspicuous, are within five de- 
grees of each other, and rise to a very high ele- 
vation when passing the meridian, and may be 
seen throughout the whole winter and spring 
months. Castor is the more elevated of the two. 

Fig. 22 represents Rigel, a splendid star in the 
left foot of Orion. The small star isa mere point, 
and very difficuit to be distinguished, and is three 
or four diameters of the large star from it. The 
large star is white, the small one of a reddish 
hue. 

Fig. 23 shows the _.. 
double star Castor, of 
with a magnifying 
power of 300. It 
likewise shows the 
angular position of 
the small star at 
the present time in 
respect to Pollux, 
(fig. 24), by which 
it appears that it is 
nearly at a right 
angle to aline join- 
ing Castor and Pol- / 
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lux, whereas in the time of Dr. Bradley it was 


ith a line joining these two stars. . 

is ie : is Fig. 25, 26, 27, 
Fig. pag and 28, exhibit 
20 : views of the double 

; star Epsilon Bootis, 


26° with four magnify- 
4 ing powers. Fig. 
2d is its appearance, 
‘with a power of 
227; fig. 26, with a 
power of 460; fig. 
27, with a power of 


900; and fig. '28, 


Fig. 29, 30, and 
31, represent tele- 
scopic views of the 
triple star in the 
left fore-foot of the 
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constellation Mo- 
noceros,or the Uni- 
eorn, which forms 
a very beautiful 
object in this class 
of stars. This star 
appeared at first 
sae #3 double, but with 
some attention, one of the two is discovered to be 
also double; the first of them is the largest. The 
color of: these stars is white. With a small power 
they appear as in fig. 29; with a power of 220, as 
in fig.30; and with a power of 450, as in fig. 31. 
There is a beautiful object of this description, but 
somewhat different in: the configuration of the 
three stars of which it is composed, to be seenin 
the tail of the great Bear; it is the star Zeta 
Urse, called also Mizar, and is the middle star in 
the tail. ; 
, area few specimens of the telescopic 
appearances of this class of celestial objects. 
, Some of these objects, in order to be distinctly 
seen, require telescdpes of considerable magnify- 
ing power. All the objects, however, referred ‘to 
above may be seen with a good three feet anda 
half achromatic telescope, whose object-glass is 
‘two inches and three quarters aperture... The 
double star Castor may be seen with powers of 
80, 140, and 180. I have frequently distinguished 
the separation of the two stars with a terrestrial 
power of only 45; but the higher powers of 
course are much preferable. In order to perceive 
the very small star or point of light adjacent to 
the pole-star, a power of 140 at ‘least is requisite 
with such a telescope; but it is more distinctly 
seen with a power of 190 or 200. It is consid- 
ered as a fair test of the goodness of a telescope 
of this description when this minute object is 
perceptible with such powers. The small star 
connected with Epsilon Bootis is likewise an 
object which requires a considerable degree | of 
magnifying power and distinctness to perceive the 
separation of the two stars; and it is more dif_i- 
cult to pereéive the small star adjacent to Rigel 
than any of toi objects. 
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In the phenomena I have now described, we 
have a new and interesting scene presented before 
us, which leads the mind into a train of thought 
very different from what could have been econ- 
ceived by astronomers of a former age. Tosome 
minds, not accustomed to deep reflection, it may 
appear a very trivial fact to behold a small and 
scarcely distinguishable point of light immediately 
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adjacent to a larger star, and to be informed that 
this lucid point revolves around its larger atten- 
dant; but this phenomenon, minute and trivial as 
it may at first sight appear, proclaims the aston- 
ishing fact, that suNS REVOLVE AROUND SUNS, AND 
sysTrms aRouND systems. ‘This is a compara- 
tively new idea, derived from our late sidereal 
investigations, and forms one of the most sublime 
conceptions which the modern discoveries of as- 
tronomy have imparted. It undoubtedly con- 
veys a very sublime idea, to contemplate such.a 
globe as the planet Jupiter—a body thirteen 
hundred times larger than the earth—revolving 
around the sun, at the rate of twenty-nine thou- 
sand miles every hour; and the planet Saturn, 
with its rings and moons revolving in a similar 
manner round this central orb in an orbit of five 
thousand, six hundred and ninety millions of miles 
in circumference. But how much more august 
and overpowering the conception of asun revolv- 
ing around another sun—of a sun encircled witha 
retinue of huge planetary bodies, all in rapid 
motion, revolving round a distant sun, over a 
circumference a hundred times larger than what 
has been now stated, and with a velocity perhaps 
a hundred times greater than that of either Jupi- 
ter or Saturn, and carrying all its planets, satel- 
lites, comets, or other globes along with it in its 
swift career! Such a sun, too, may as far exceed 
these planets in size as our sun transcends in 
magnitude either this earth or the planet Venus, 
the bulk of any one of which scarcely amounts 
to the thirteen-hundred-thousandth part of the 
solar orb which enlightens our day. ‘The farther 
we advance in our explorations of the distant 
regions of space, and the more minute and spe- 
cific our investigations are, the more august and 
astonishing are the scenes which open to our 
view, and the more elevated do our conceptions 
become of the grandeur of that Almighty Being 
who *‘ marshaled all the starry hosts,” and of the 
multiplicity and variety of arrangements he has 
introduced into his vast creation. And this con- 
sideration ought to serve as an argument to every 
rational being, both in a scientific and a religious 
point of view, to stimulate him to a study of the 
operations of the Most High, who is * wonderful 
in counsel and excellent in working,’? and whose 
works in every part of his dominions adambrate 
the glory of his perfections, and proc\ tim the 
depths of his wisdom and the greatness of his 
power. 

In order to form a comprehensive conception 
and a proper estimate of such binary systems, we 
have to consider, in the first place, the distances 
of the stars or suns from each other. These dis- 
tances, in the meantime, cannot be accurately 
ascertained until something more definite be de- 
termined respecting the parallaxes of these bodies. 
Some have supposed that the distance . between 
some of these binary stars may be as great as the 
distance between the earth and any of these stars. 
But such a supposition is highly improbable, if 
we admit, what is now completely ascertained, 
that these bodies are intimately connected by the 
law of gravitation. Their distance, however, 
must be very great, notwithstanding their appa- 
rent nearness to each other, as a few seconds of 
interval, at the distance of the nearest star, must 
comprise an immense space. I shall suppose this 
distance in the case of some of these bodies to be 
only the one-hundredth part of what is reckoned 
the distance (namely, twenty billions) of the 
nearest star. On this supposition, the distance of 
the revolving star from its primary would bo 
200,000,000,000, or two hundred thousand mil- 
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lions of miles. The circumference of its orbit 
would therefore be 1,256,640,000,000 of miles. 
The small star of ¢ Urse completes its revolution 
in fifty-eight years, and consequently, if at the 
distance now supposed from its primary, must 
move at the rate of two millions four hundred 
and seventy-one thousand miles every hour, which 
is eighty-five times the velocity of the planet Ju- 
piter, and more than twenty-three times the velo- 
city of Mercury in its orbit, which is the swiftest 
moving planet in our'system. This motion would 
be still morg swift in the case of some of the 
other stars. to which we have alluded. The small 
star of 6 Eridani, as determined by Mr. Dunlop, 
revolves around the larger at the rate of somewhat 
more than ten and a half degrees per annum, and 
consequently accomplishes a revoluion’ in. little 
more than thirty years. Its motion, then, at-the 
distance supposed, would be équal to four millions 
seven hundred thousand miles an hour, which is 
162 times the velocity of Jupiter, and about forty- 
four times that of Mercury. Even the small star 
of y Leonis, which takes 1200 years to accomplish 
its revolution, would, on the same supposition, 
move-at the rate of 119,000 miles an hour, which 
is a greater velocity than that of the swiftest 
planets of our system. ‘These are immense ve- 
locities, especially when we consider the enormous 
size of the bodies thus impelled; for the least of 
these suns may be considered as ten millions of 
times larger than the planet Mercury, yet moving 
with a velocity so much.superior. 

What, then, would be the velocities of such 
hodies were we to suppose them) as far distant 
from each other as we are from the nearest star! 
In the case of Xi Urs, the velocity would be 
two hundred and forty-seven millions, one hun- 
dred and sixty thousand miles every hour, and four 
millions, one hundred and fifty thousand every 
minute; and in the case of 6 Hridani, the velocity 
would be 477,800,000 miles an hour, and 132,735 
in a second, which is more than sixteen thousand 
times the velocity of Jupiter. That bodies may 
move with such velocity is perhaps not impossible, 
put itis highly improbable that such rapid: mo- 
tions actually exist among bodies of such aston- 
ishing magnitudes; and therefore we. must ‘sup- 
pose that the binary stars are within a moderate 
distance of each other. Still, that distance must 
be very considerable,and it is not unlikely may 
be as great as I have supposed, and if so, it pre- 
sents to our view motions more rapid and sublime 
than any which are known to exist within the 
limits of our planetary system. 

In the next place, we must consider the system 
of planets connected with the binary-stars. These 
stars are evidently suns or self-luminous bodies, 
otherwise their light would never reach our dis- 
tant sphere. But we can never admit that suns 
were created merely to diffuse a useless splendor 
over the waste spaces of infinity, where there are 
no sentient beings with visual organs to be cheer- 
ed with their radiance. In this case they might 
be said to be created in vain. Hence we must 

‘necessarily conclude that these suns are attended 
with a retinue of planetary bodies, which revolve 
around them as the centers of light and attractive 
influence, and we: can scarcely conceive a more 
sublime and astonishing object than that of — 
nificent suns revolving around still more magnifi- 
cent and luminous centers, and conveying along 
with them in their swift career a numerous train 
of mighty worlds; all in regular and rapid motion 
around their respective orbs. In such sublime 
sidereal arrangements we behold a combination 
of motions and effects of gravitation which are 
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not to be traced throughout any part of tho sys- 
tem to which we belong. For while the planets 
which porform their revolutions around the revol- 
ving sun, are affected by the power of attraction 
from that body with which they are more immedi- 
ately connected, they must likewise be attracted by 
the larger central sun, and their motions sometimes 
retarded, sometimes accelerated, and variously 
modified, by its powerful influence, which com- 
bined influences must produce a diversity of phe- 
nomena and effects unknown in the system of our 
sun. For the sake of some readers, not accus- 
tomed to such views and contemplations, I have 


-given a rude sketch of a binary system in fig. 32, 


in which the central circles represent the larger 
sun with its attendant planets, and the other cir- 
cles the revolving sun and its. planets, in four 
different positions. 

Again, in contemplating these binary systems, 
we perceive a great diversity in the periods of their 
revolutions. The period of revolution:of the small 
star of s Bootis is calculated to be not less than 
1600 years. An inhabitant of that system would 
be considered by us an old residenter were he to 
survive the period of a year, ora single revolu- 
tion. But in such systems it is not likely that the 
lapse of duration is marked by so short periods as 
in our own sublunary abode, nor is it probable that 
disease and death cut short the existence of its 
inhabitants, as in the world in which we dwell. 
Another of these suns takes 1200 years to com- 
plete a revolution; another, 629 years; and 
another, 452; while. several others finish their 
cireuits in the comparatively short periods of 55, 
43, and even 30 years. Whether these diversities 
in the’ periods of revolution be owing to the dif- 
ferent magnitudes of the respective bodies, their 
distances from each other, the amplitudes of the 
orbits in which they move, or the comparative 
velocities with which they are carried for | in 
their career, we have as yet been unable to deter- 
mine; and a long-continued series of the most 
delicate and minute investigation is still requisite 
before such points can be ascertained with any 
degree of precision. But such striking differences 
in their periodic revolutions evidently. indicate 
that the characteristic of variety is impressed upon 
all the arrangements connected with those distant 
systems; which lead us to conclude that there is 
no system’ of suns or worlds in the universe ex- 
actly resembling another, although they may be 
all subject to the operation of the same general 
and fundamental laws, From such circumstances 
we are likewise led to infer that among bodies in 
the more distant regions of creation there may be 
motions and arrangements altogether different 
from anything we yet know, which produce 
scenes of beauty, sublimity, and grandeur, far 
surpassing what the mind of man can yet con- 
ceive. ; . 

In regard to the number of such binary systems, 
no precise estimate has yet been made. We have, 
however, every reason to believe that their num- 
ber is very great. I have already stated that about 
6000 double stars have been detected by M. Strive, 
the two Herschels, Mr. Dunlop, and Sir James 
South. On the doctrine of chances, it is in the 
highest degree improbable that the greater part, 
or even any considerable number of these bodies, 
appear double by their accidental proximity, or 
being so placed one behind another as to be nearly 
in the same line of vision. We may therefore 
conclude that at least 4000 of these stars aro 
binary systems connected by the law of mutual 
gravitation. Between forty and fifty of these 
bodies have been ascertained beyond doubt to form 
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revolving systems, and time must be allowed for 
further investigations. It is but lately that, the 
attention of astronomers has been directed to such 
observations; and on account of the very minute 
distances of the revolving stars from each other, 
and the slight variation of the angle of position 
which can be traced for a series of years, an age 
or two is requisite in order to determine with 
precision the degree or progress of their revolu- 
tionary movements. Some of their orbits, too, 
may be so extensive, or their motions so compa- 
ratively slow, that several thousands of years may 
elapse before the periods of some of these bodies 
be ‘completed; and if so, we have no reason to 
conclude that they are not binary systems, al- 
though half a century should elapse without any 
change being perceived in their angular positions. 
In the course of fifty or sixty years hence, we 
have reason'to believe many important discoveries 
will be made in reference to the bodies'in ques- 
tion, and what is at present doubtful or obscure 
will be rendered definite and precise. In. the 
meantime, we may safely take for granted that 
several thousands of those revolving suns and 
systems lie within the range of our telescopes, 
whose revolutions will ere long be determined. 
But as our most powerful instruments can carry 
us only a very small way, comparatively, beyond 
the outward boundaries of those mighty heavens 
which surround us, ten thousands of such sys- 
tems may exist in those remoter regions, which 
will forever remain inexplorable by mortals. 
‘There is another interesting view which, may 
be taken of these binary systems, and that is—the 
contrast of colors which some of the stars composing 
these systems exhibit. I have already alluded to some 
of these stars being of different colors,and any 
observer who is possessed of a good telescope may 
easi tisfy himself on this point. ‘¢ Many of 
the ble. stars,’ says Sir J. Herschel, ‘ exhibit 
the beautiful. and curious phenomena, of con- 
trasted or complementary colors. In such in- 
stances, the larger star is: usually of a ruddy or 
orange hue, while the smaller one appears blue or 
green; probably in virtue of that general law of 
optics which provides that when the retina is. 
under the influence of excitement by-any bright- 
colored light, feebler lights, when seen alone 
would produce no sensation but of whiteness, 
shall for the time appear colored with the tint 
complementary to that of the brighter. Thus a 
yellow color predominating in the light of the 
brighter star, that.of the less bright one in the 
same field of view will appear blue; while if the 
tint of the brighter star verge to crimson, that of 
the other will exibit a tendency to green, or even 
appear as.a vivid green under favorable circum- 
stances. The former contrast is beautifully exhi- 
bited by Jota Caneri, the latter by Gamma Andro- 
med, both fine double stars. If, however, the 
colored star be much the less bright of the:two, it 
will not materially affect the other. Thus, for 
instance, Hta. Cassiopeie exhibits the beautiful 
combination of a large white star and a small one 
of a rich ruddy purple. It is by no means, how- 
ever, intended to say that in all such cases one of 
the colors is a mere effect of contrast; and it may 
be easier suggested in words than conceived in 
imagination, what variety of illumination two 
suns, a red and a green, or a yellow and a blue 
one, must afford a planet circulating about either; 
and what charming contrasts and < grateful vicis- 
situdes’—a red and a green day, for instance, 
alternating with a white one and with darkness— 
might arise from the presence or absence of one or 
other, or both, above the horizon. Insulated stars 





of ared color, almost as deep as that of blood, 
‘occur in many parts of the heavens, but no green 
or blue star (of any decided hue) has, we believe, 
ever, been noticed unassociated with a companion 
brighter than itself.’ iatare : 

‘The fact of colored suns, of suns belonging to 
the same system diffusing light of opposite or 
contrasted colors, presents a novel and interesting 
idea, and a splendid scene, in which a lively ima- 


gination may luxuriate while depicting the diver- 
| sity of aspects under which objects will appear in 


those. worlds which are alternately illuminated by 
such.a variety of irradiation. It is somewhat dif- 
ficult, however, to form a distinct conception of 
the particular beauties, sublimities, and contrasts, 
which will be produced by such admirable ar- 
rangements. We are unacquainted with the 
nature and qualities of the substances which are 
thus. illuminated, and therefore cannot determine 
the peculiar hues or splendor which will result 
from the reflection of ‘such irradiations; but we 
may easily conceive there will be a considerable 
difference in the variety and splendor of such illu- 
minations, and in the contrast of colors which 
will be exhibited when the revolving planets are 
in different parts of their orbits. When in such 
positions as A, B, C, D (fig..32), they will be 
more directly under the influence of both suns 
than when at FZ and F, and of course the effect 
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of the contrasted colored rays will be most. re- 
markable. One hemisphere: of a planet may be 
illuminated with a yellow sun, while the other is 
at the same time enlightened bya green, and both 
suns may occasionally shine in ‘the same hemi- 
sphere, producing such a blending of hues, and a 
contrast of coloring over the whole landseape, ag 
to render the-aspect of the scene completely dif- 
ferent at one time from what it is at another. In 
different parts of the planets’ courses around their 
primary suns these effects will be variously modi- 
fied, so as to produce an almost perpetual variety 
in the scenery of such worlds. A sun of a bril- - 
liant white color may perhaps be seen rising, while 
a sun of a ruby hue is descending below the hori- 
zon,and when both suns are absent, the starry 
firmament, will appear in all its splendor, and 
every object around present a contrast to its pre- 
vious appearance. 

The science of optics, and particularly the ex- 
periments which have been made on. polarized 
light, show us what a variety of combinations of 
vivid and beautiful colors may be produced by 
certain modifications of light, which may easily 
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lead us to conceive of the sublime and diversified 
brilliancy of coloring which must: be the result 
of the irradiation of suns of different-hues. The 
light of the stars in general is greatly diversified, 
although on a cursory view of the firmament they 
appear nearly of the sameiaspect. The rays of 
Sirius, for example, are not only strikingly differ- 
ent from those of Aldebaran, but from those of 
many other stars which seem to bear a nearer 
resemblance. \ In tropical climates, where the sky 
is clearer than with us, and almost of a dark ebgny 


color, the different hues of the stars are more: 


striking and perceptible to the naked eye than 
when seen through our comparatively hazy at- 
mosphere. In this respect then, as well as: in 
several others, the declaration of the inspired 
writer is literally true, that “one star differeth 
from another star in glory.’’ Milton, in the eighth 
book of his “ Paradisé Lost,” utters a sentiment 
on this subject which seems to be almost pro- 
phetic, when he represents Raphael in his address 
to Adam as saying— 
“ Other suns, perhaps, 
With their attendant moons thou wilt descry, 
Communicating male and female light, 


Which two great sexes animate the world, 
Stored in each’orb, perhaps,.with some that live.” 


In these phenomena we have another proof of 
the infinite variety which the Creator has intro- 
duced:into the systems of the universe—a variety 
in regard to color as well as to magnitude, motion 
and other arrangements,—which leads us to con- 
clude that although we were permitted to make 
the tour of universal natute, we should meet with 
no worlds, or systems of worlds, in which the 
scenery and arrangements are exactly the: same, 
but that each would display its own peculiar har- 
monies, beauties, and sublimities, and the enrap- 


tured spectator, at every stage of his excursion, | 


would behold a new manifestation of “the mani- 
fold wisdom of God.”’ 

It would be an important and interesting acqui- 
sition in astronomy could we determine exactly, 
or even to a near approximation, the distances of 
any of these binary systems, and the actual di- 
mensions of the orbits of the revolving stars. ‘It 
are from what has been formerly stated (pp. 
31, 32,) that the parallax, and consequently the 
distance, of 61 Cygnt has been determined by 
Professor Bessel. 
binary system, and one of the stars is found to 
have an annular angular motion of about two- 
thirds of a degree; from which it is inferred that 
the period of its revolution may be about 540 
years, and that the semi-major axis of its orbit is 
seen under an angle of more than 15”. Were 
these and other correlative points accurately set- 
tled, we might soon determine to a near approxi- 
mation the extent of its orbit, the space through 
which it moves in the course of a revolution, and 
consequently its rate of velocity; but as the mo- 
tion of revolution of this star is so extremely 


slow, a considerable period of years may elapse 
until all the elements of its orbit be accurately | 


ascertained. 
A few years ago, a method was pointed out by 
M. Savory, a French Astronomer, by which the 


dimensions of ‘the orbit of a revolving ‘star might’ 
be determined. This method depends upon the; 
fact that light moves with a certain known rate, 
of velocity. Suppose that one of the double stars: 
moves round another in an orbit which is nearly: 
parallel to our-line of vision, it is evident that the: 


one half of its orbit will be nearer‘ to us than the 
‘other, and that at’ the most’ distant ‘point of its 
course! the star will be removed ‘from us ‘to a dis- 


Now this’ is a double star, or |, 
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tance equal, or nearly equal, to the whole diam- 
eter of its orbit farther than when at the point 
which is nearest the earth. As the light which 
proceeds ‘from the star takes a: certain time in 
moving across the interval which separates us 


| from that body before it reach our eye, we must 


necessarily see the star in a point of its orbit dif- 
ferent from that in which it is: actually placed. 
Let S (fig. 33) represent the central star, E the 
earth, and H F K G@ the orbit of the revolving 
star. When the star is at H it is nearest the 
earth; and when at K it is farther distant by the 
whole diameter of its orbit. Now, when the star 
proceeds from H, the nearest point of its orbit, its 
light will ‘take a longer period to reach the earth 
in proportion as it moves on in its couse from 
H to G and from G to K, and consequently will 
appear to take a longer time than in reality it does 
in moving along that portion of its orbit; but in 
returning through the other half of its orbit, K 
FH, it will appear to pass through it in a less 
space of time than it actually does, since the light 
which proceeds from if takes less and less time to 
reach our eye as it approaches in its course 
toward F' and H. If, therefore, we could accu- 
rately determine the difference of time between 
these’ two half revolutions of the star, we should 
have data sufficient for determining, to a near 
approximation, the dimensions of the orbit in 
miles,-or other known measures; and having 
found these dimensions, the distance of the star 
from the earth could likewise be found by an 
easy trigonometrical calculation. 

This method of find- 
ing the dimensions of 
binary systems is en-) 
titled to the praise of 
ingenuity; but it will 
be difficult, in many 
instances, to put it in 
practice. lts accura- 
cy will depend: upon 
our knowing the posi- 
tion of the orbit with 
regard to our eye, and . 
our ascertaining exact- 
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ly when the star is in 
Horvat: K, or the two 
opposite points of its 
orbit. Beside, a very 
long time must inter- E 


vene beforé observa- 
tions of this kind can 
be completed, sinoe 
most of the periods. . 
that have been determined in regard to double: 
stars extend to several hundreds of years, and the 
shortest period yet known of any of these revolv- 
ing bodies is above thirty years. It is generally 
taken for granted, by those who haye adverted to 
this subject, that the distance between the revolv- 
ing and the’ central star is as great, or nearly as 
great, as that which intervenes between us and 
the nearest star; and hence, in their illustration of 
this point, they have supposed light to take at 
least one year in crossing the orbit of a revolving 
star, which of course would make the diameter of 
such an orbit above siz billions, of miles. But 
there appears no reason for forming such extrava- 
gant suppositions, as in such a case the binary 
stars could scarcely be supposed to have an in- 
timate connection. We might almost as soon 
suppose that the star Sirius might xsevolve around 
our sun, or the sun around.Sirius., It -is not 
likely that the double stars. in general are much 
farther: from each other. than. the distance I. 
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formerly supposed; namely, 200,000,000,000, and 
consequently the diameter of their orbits about 
400,000,000,000, of miles. Through this space 
light would pass in the course of 24 days and 22% 
hours; and therefore it would require very accu- 
rate determinations indeed of the points H and K, 
or the nearest and remotest points of the orbits, 
before any precise conclusions couid be deduced, 
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if the stars be not farther distant than I have sup- 
posed, and it is perhaps as probable that they are 
considerably within that distance. It is not im- 
probable, however, that the dimensions of the 
orbits of some of those stars whose periods are 
shortest may in this way be determined; but a 
considerable period must elapse before the requisite 
operations can be made. 
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CHAPTER IX. 


ON TREBLE, QUADRUPLE, AND MULTIPLE STARS. 


Brsipz the combinations of double stars des- 
cribed in the preceding chapter, treble, quadruple, 
and multiple stars have beén discovered; many of 
which appear to be ultimately connected, and to 
be formed into regular systems, whose: motions 
and phenomena must of course be more diversi- 
fied and complicated than those of binary systems. 
Without entering into particular discussions on 
this subject, I shall present to the reader only two 
or three general remarks, with a short list of 
some of the treble and multiple stars to which I 
allude. 

The more profound and minute our investiga- 
tions are into the scenery of the heavens, the 
more do we discover of the endlessly diversified 
modes by which the system of universal nature 
‘is arranged and conducted, and the more clearly 
do we perceive a display of the infinite wisdom 
and intelligence of its Almighty Author. Who 
coul e previously conceived of one sun and 
system revolving round another, had not, recent 
observations demonstrated the astonishing fact? 
As one discovery naturally leads. to another, so 
the facts which have already been ascertaines 
may lead to discoveries in future generations still 
more wonderful and sublime than those which 
have hitherto been brought to light. The discov- 
ery of binary systems leads to the conclusion 
that almost all the close groups, or clustering 
stars, visible to the naked eye or descried by tel- 
escopes, are multiple systems, or suns and planet- 
ary worlds linked together by a universal law or 


Fig. 34. 





‘principle, acting in different modes, and producing 
an immense variety of physical phenomena and 








their attention more particularly to such objects, 
to watch with care the slightest movements in the 
sidereal heavens, and take their measurements of 
distances and angular positions with the utmost 
precision; and then we may expect that succeed- 
ing generations will have unfolded to their view 
amore sublime and cémprehensive prospect of 
the arrangements of the universe. 

In certain cases \it has already been ascertained 
that treble stars form one connected system. The 
star marked ¢ Cancri is a treble star of this de- 
scription. Two of the stars are considerably un- 
equal; the largest of these is larger than the single 
star, and the least of the two is less than the single 
star. The first and second largest, as described by 
Sir W. Herschel, are pretty unequal, and the se- 
cond and third pretty unequal. The nearest are 
pale red. They require very favorable circum- 
stances to be distinctly seen; they are just separa- 
ted by a power of 227, and with 460 their distance 
is 14 the diameter of the smaller one. This is 
considered a case in which three suns revolye 
around a common center. Observation has not 
yet afforded a sufficient data for determining the 
particular motions or arrangements of such com- 
plex systems; but we may conceive them as ar- 
ranged in a manner somewhat similar to what we 
have delineated in fig. 34, where the point C may 
represent the common center of gravity around 
which the three bodies revolve. The circles A B, 
D E, F G, represent the orbits of the ‘revolving 
bodies, which may be conceived as lying in differ- 
ent planes oblique to each other, to prevent any 
occasional collision or too near an approach. 


Fig. 35. 





A quadruple system may be represented by ag. 


‘effects. Guided by principles and facts recently |35, where C is the center of gravity round whi 


‘brought to light, 


astronomers have only to direct’ the four bodies revolve, and the circles a aa a, 
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66 6 6, &c., the respective orbits in which they 
move. The star ¢ Lyre is probably a system of 


this kind. It is a star of the fifth magnitude, | 


situated about two degrees north-east from the 
bright star Vega, or « Lyre. The stars of which 
it is composed are easily distinguishable by a tele- 
Scope of moderate power, and it is easily found 
from its vicinity to the very bright star adjacent 
toit. The small stars of which it is composed 
are situated nearly as represented in fig. 36. We 
might conceive of such a system of bodies re- 
volving in a still more complex manner,—the star 
V revolving round S, the star U revolving rownd 
T, the system of V and S revolving round a point 
a, and the system of U and JT round the same 
point or center ina separate but more’ expansive 
orbit. But it is difficult to form diagrams of 
such complex sys 

tems. ‘ 

There are many 
different combina- 
tions by which we 
may conceive ire- 
ble, quadruple,and 
multiple stars to 
revolve round their 
common centerof Ve 
gravity, which it 
would be too te- ; 
dious to describe, - ae 
particularly as v 
‘such motions have f 
not yet been accurately ascertained.. Sir W. 
Herschel describes one of these possible combina- 
tions which is not a little singular. Suppose two 
equal stars, a and 6 (fig. 37), moving in a circular 
orbit round their 
common center of 
gravity, which will 
be the center of the 
circle. From the 
center of the circle, 
draw a line per- 
pendicular. to the 
plane of their or- 
bit, extending to 
equal distances a- 
bove and _ below 
this center. Let | 
us now suppose a@z 
third star, c, to fall 
from one extremi- 
ty of this perpen- 
dicular, from a 
state of rest; it 
will obviously descend with a gradually accelera- 
ted motion until it reaches the center of gravity; 
and passing onward with a motion gradually re- 
tarded, it will move to the other end of the perpendi- 
cular, where it will arrive at a state of rest, and 
again return and continue to oscillate between these 
two points. The two stars which move ina circu- 
lar orbit may describe equal ellipses of any degree 
of eccentricity. In this case, however, the per- 
turbations will affect not only the planes of their 
orbits, but also their figures; and the length of the 
oscillations of the third will be sometimes increa- 
sed and diminished. 

A sun oscillating in a Jine perpendicular to the 
orbit of other two suns, and continuing its motion 
for ages in that line, is certainly a very strange 
idea; and yet, from the variety we perceive in 
the arrangements of the universe, it is not at all 
improbable that such combinations may exist 
among treble stars. The idea here intended to be 


x 
Fig. 36. 









‘conveyed may be illustrated by suspending a ring, | 
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and placing a wire perpendicular to it in its center. 
The ring will represent the plane of the orbit in 
which the two equal stars move, and the perpen- 
dicular wire the line or course of the third star 
moving backward and forward with different de- 
grees of accelerated and retarded motion. The 
motions connected with quintuple and multiple 
stars must be still more complex than those. to 
which we have adverted; but it is difficult in the 
meantime to form any distinct ideas on the sub- 
ject, until actual observation in the course of 
succeeding ages shall pave the way for deducing 
definite conclusions. The discoveries already 
made open to view-new scenes of celestial mech- 
anism, and ‘new views of the diversified and ad- 
mirable contrivances of Divine Wisdom, so that, 
in reference to such objects, we may apply to the 
almighty architect the language of the sacred 
writer—“How unsearchable are thine operations 
and thy ways past finding out!”? When we con- 
sider that around each of these moving suns a 
retinue of planets must be supposed to wheel their 
courses, at different distances and in different pe- 
riods of time, we cannot but feel astonished at the 
complexity of motions, perturbations, and other 
effects which must necessarily follow; yet we are 
bound to believe that everything moves onward, 
not only without confusion, but in the most per- 
fect order and harmony, for He who at first ar- 
ranged the plan of the material world, and im- 
pressed upon matter the laws which now operate, 
is-possessed. of boundless intelligence, and foresees 
at one glance all the effects which those laws can 
possibly produce; and, so far as our observation 
extends, every object and movement in nature 
appears to be adjusted with the most perfect 
regularity.. 

The solution of the “problem of three bodies” 
was considered as a work of so great nicet: 
difficulty that none but such profound ma 
ticians as Clairaut, D’Alembert, and Euler, could 
undertake such a delicate and laborious investiga- 
tion. This problem was, “to determine the curves 
described ‘by three bodies projected from three 
points given in position, and with velocities given 
in quantity and direction—the force with which 
they, gravitate being directly as their quantities of 
matter, and inversely as the squares of their dis- 
tance.’’? If the resolution of such a problem re- 
quired so great acuteness of intellect, and so 
eminent skill in the science of analysis, what 
perspicacity of intellect, and what profound know- 
ledge of everything connected with physical 
and mathematical investigations must be requi- 
site to determing the courses described and the 
perturbations produced by the complex motions 
of five, six, or seven suns all connected to- 
gether, yet moving in different curves and in dif- 
ferent directions, along with hundreds of planets, 
each connected with its own sun and pursuing its 
own distinct course, yet acted upon in succession 
with different, degrees of force by ‘the attractive 
influence of other suns! All our boasted powers 
of analysis are completely incompetent for such 
determinations. The faculties of an archangel, 
or of intelligences of a higher order than that of 
man, are alone adequate to such investigations; 
and this circumstance affords a presumptive evi- 
dence that such superior intelligences actually 
exist in the universe, and that man, in the present 
improvement of his powers, may be in the act of 
training for the employments and the society of 
such intellectual beings in a future scene of 
existence. 

The following brief list of treble and multiple 
stars, selected chiefly from Sir W. Herschel’s 
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catalogue, is given for the sake of those who may 
be disposed to inspect them with their telescopes.* 
x, or 42 Aries, in the ham, sixth magnitude.— 
The three stars, which are all in a line, are exces- 
sively unequal; the largest is white, and the two 
smallest are mere points. With a power of 460, 
the two nearest are 114 diameter of the largest star. 
The third is about 25” from the largest. 
¢, or 4 or 5 Libra.—This is a remarkable double- 
double star—or a double star, each sfar itself be- 
ing a double star. The first set consists of stars 
that are considerably unequal. The largest is 
very white, and the smallest reddish. ‘Their dis- 
tance with 227 is one diameter of the larger one: 
the second set are white and equal, the preceding 
being rather the largest; their distance 11g di- 
ameter of either. The star appears of the fourth 
magnitude. 
z, or 48 Orion, a star of the fourth magnitude, 
a little below the lowest of the three stars in the belt. 
This is a double-treble star, or two sets of treble 
stars, almost similarly situated. The two nearest 
of the preceding set are equal; the third larger, 
and pretty unequal when compared with the 
latter two. With a power of 222, the distance 
of the two nearest is two diameters of either. 
The two nearest of the following set are very 
unequal. The largest of the two and the farthest 
are considerably unequal, the largest being white 
and the smallest bluish. With a power of 222, 
their distance is about 21g diameters of the 
largest. The distance of the two farthest is 43”. 
Right ascension, 5h. 30’; south declination, 2° 43. 
§, or 41 Orion, the small telescopic trapezium in 
the nebula. Right ascension, 5h. 26’; ‘south dec., 
5° 32’. The stars composing this quadruple star 
are considerably unequal. The most southern 
star of the following side of the trapezium is the 
largest; and the star in the opposite corner is the 
smallest, the other two being nearly equal., The 
largest is pale red; the star preceding the largest 
inclined to garnet; and the star opposite the 
largest, dusky. Distance of the two stars in the 
preceding side, 834 seconds; in the southern side, 
1234 seconds; in the following side, 15 seconds; 
and in the northern side, 20 seconds. The first star 
in right ascension) is of the seventh magnitude, 
the second of the eighth magnitude, the third of 
the fifth magnitude, and the fourth of the sixth 
or seventh magnitude. M. Striive found the angles 
of position, in 1819, to be as follows— 


3d and 4th: 
29° 45' north following. 


Ist.and 3d: 
** 45° 9! north preceding. 


Qd and 4th: 
, 31° 0/ north pre. 


Ist and 2d; 
58° 8! north fol. 


2d and 3d: 
74° 0! north pre, 


44 Orion preceding the two 1’s, or below 1, 2, 
§—of the third or fourth magnitude. “The pre- 
ceding set of this double-triple star consists of 
three equal stars, forming a triangle, and are. all 
dusky. The distance of the two nearest. with 
a power of 227 is about 3 diam. The following 
set cousists of three stars of different sizes, form- 
ingacircle. The middle star is the largest; the 
one to the south is pretty large; and the third is 
very small. The two largest are white, and the 
smallest pale red, Distance 3614". These stars 
are east by north from the bright star Rigel, at 
the distance of about 59, 

12 Lyna, below the eye; about 18° or 19° north- 
east of Capella and 16° north of € Auriga. The 


* As the following and similar lists are inserted for the 
purpose of reference to amateur observe:s, the general 


reader, if he think proper, may pass over such lists and 
deszripticns, 4 
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two nearest of this curious treble star are pretty 
unequal. The larger is white, and the smaller 
white inclining to arose color. With a power of 
227 their distance is 1g the diameter of the smaller 
one. The first and third are considerably une- 
qual; the second and- third pretty unequal; the 
color of the third being pale red, and its distance 
from the first 9”. 

.@,0r 51 Libra; of the-fourth or fifth magnitude. 
This star appears at first double, but the larger of 
the two will be found to consist of two stars. 
They are nearly unequal,-and both white. With 
a power of 460 their distance is 1g the diameter 
of the larger. 

34° south of 58 Auriga, in a line parallel: to g 
and 6, south-east of the bright star Capella. This 
is a cluster of stars containing a double star of 
the second class and one of the third. The two 
of the second are very unequal, and both red. 
Their distance with 460 is 21g diameters of the 
larger. Those of the third class are equal, and 
both red. Distance, 17’. Above 20 stars are in 
view with a power of 227, 

A large star 1° preceding ¢ toward 41 of the 
Swan. The two nearest are extremely unequal. 
The largest is white, and the smallest. pale red. 
Their distance with 460: is 21¢ diameters of the 
largest: The third and the largest are extremely 
unequal, and belong to the fifth or sixth class. 

South- preceding 27 Swan, the middle of three, the 
most southern of which is the 27. This star ig 
quadruple and sextuple. In the quadruple of 
north preceding set, the two nearest are very une- 
qual. Their distance with 678 is 11”. The two 
largest are almost equal, and both red. Distance, 
2946". In the sextuple or south following set, 
the two largest are pretty unequal, and both red. 
Their ‘distance is 19”.—The other stars are ag 
small as the smallest of the quadruple set. 

24° north preceding H Gemini (of the fift 
magnitude), in.@ line parallel to the.65 Orion (in 
the club, and of the fifth magnitude), and 2 Tau-- 
rus, the middle of the three. he stars in this 
quintuple star are in the form of a cross. The 
two nearest, or the preceding of the five, are 
extremely unequal. Distance 2014”. There is a 
very obscure star of the third class near the last 
of the three, in the obscure star of the cross 
Other five stars are dispersed about the quin- 
tuple one. 

Between Band @ Dolphin, but. nearer to 6 All 
the three stars aré whitish red, and nearly equal. 
Peps in of the two nearest with a power of 278, 

114", 

Noor 27 Cepheus, near d. The distance of the 
two nearest of this treble star is about 20”. 

8, or 10 Lyra (of the third magnitude, and 
about 7° south-east of the bright star Vega). The 
stars of this quadruple star are all white, the 
second, third, and fourth, inclining to red. The 
first and second are considerably unequal; the 
first and third very unequal; andthe first and fourth 
unequal. Distance of the first and second, 44”. 

€, or 78 Gemini (Pollux). The stars of this 
multiple star are extremely unequal. The nearest 
distance is 1’ 57”; the next distance is 3/17” 

In the Unicorn’s head. This multiple star con- 
sists of one star with about twelve around it. 
16° west of Procyon. 

é, or 16 Cancer. This very minute treble star 
requires very favorable circumstances to be dis- 
tinctly seen. The two stars of which the pre- 
ceding one consists are considerably unequal. 
The largest of these is larger than the single star, 
and the least of the two is less than the single 
star. The first and second largest and pretty 
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unequal, and the second and third pretty unequal. 
The two nearest are pale red. ‘They are just 
separated with a power of 278, and with 460 their 
distaice is 14 the diameter of the smaller one. 
Seta Cancri is situated about 12 or 13 degrees 
south-east of Pollux, nearly in a line Gealtel to 
that which joins Castor and Pollux, an neatly 
the same distance north by east from Procyon. 
It appears asa star of the fifth or sixth magni- 
tude, and is sometimes distinguished by the name 
of Tegmine. As a double star it is easily distin- 
guished by a power of 140, with a 314 feet achro- 
matic telescope, whose aperture is 23%: inches, 
and might perhaps be seen with a power of 100. 
But it réquires a much higher power to distinguish 
it as a treble star. ’ : 


ay ® 


Most of the above stars may be found by con= 


sulting large planispheres of the heavens, or a 


common celestial globe. ‘To facilitate the finding 
out of their positions, I have inserted in the above 
list some special directions, which may perhaps 
be of usé to the astronomical tyro who is fur- 
nished with a moderately good telescope. It is 
to be regretted that, even on some of our latest 
18-inch celestial globes, several of thé stars above 
referred to are not distinctly marked, either with 
their number or with the Greek letters by which 
they are generally distinguished, and some of 
them ure altogether omitted; such, for instance, 
as the celebrated star 61 Cygni, which is a double 
star, and whose proper motion is greater than that 
of any other star yet discovered in the heavens. 


nl 


CHAPTER X. be 


ON THE MILKY WAY. 


As we advance in our survey of the distant 
regions of the universe, the astonishing grandeur 
and extent of the sidereal heavens gradually opens 
to our view. We have hitherto considered only 
a few objects on the ‘outskirts of the heavens, in 
respect to their distance, magnitude, and the 
wonderful complication of systematic motions 
which prevails among them. Had we no other 
objects to engage our attention, ages might be 
spent in contemplating and admiring the economy 
and magnificence of those starry groups which 
p. tere to the unaided eye on the nearer boundary 
of our firmament. But all that is visible to man’s 


unassisted vision is as nothing when compared | 


with the immensity of august and splendid objects 
which stretch themselves in boundless perspective 
toward infinity. The discoveries of modern 
astronomy have enlarged the sphere of our con 
ceptions far beyond what could formerly have 
been surmised, and opened to view a universe 
boundless as its Creator, where human imagina- 
tion is lost and confounded, and in which man 
appears like a mere microscopic animale ium, 
and his whole habitation as a particle of vapor 
when compared to the ocean. In contemplating 
the visible firmament with the unassisted eye, we 
behold only the mere portals, as it were, which 
lead to the interior recesses of the vast Temple of 
Creation. When we-direct our views beyond 
these outer portals, by means of the most power- 
ful telescopes, we obtain a view of some of its 
more magnificent porches, and a faint glimpse of 
those splendid apartments which we shall never 
be able to explore, but which lead us to form the 
most august conceptions of the extent and gran- 
deur of what is concealed from our view. In 
entering this Temple, ‘‘not made with hands,” 
the splendor of its decorations, the amplitude of 
its scale, and the awfulness of infinitude, forcibly 
strike the imagination. There is sufficient to 
awaken into exercise all the powers and feelings 
of devotion, and to excite us to fall down in 
humility and adoration before Him whose word 
spoke into existence this astonishing fabric, and 
«‘whose kingdom ruleth over all.”” These reflec- 





Way, which contains objects calculated to excite 
our highest admiration. i 
‘When we take a general view of the heavens 

about the months of August, September, and Oc- 
tober, and during the winter months, we cannot 
fail observing’ a large, irregular, whitish. zone 
stretching across the sky, with a few interrup- 
tions, from:one end of the firmament to another. 
This mighty zone, thus stretching itself around 
us, is sometimes termed the galaxy, sometimes 
the Via Lactea, but more frequently, in plain 
English, the Milky Way, from its resemblance to 
the whiteness of milk. This luminous band is 
visible to every observer, and is the ouly real and 
sensible circle in the heavens. When traced 
throughout its different directions, it is found to 
encircle the whole sphere of the heavens, though 
in some parts of its course it is broader and more 
brilliant than in others. It forms nearly a great 
circle of the sphere, but it coincides neither with 
our equator, ecliptic, nor colures, nor with any 
other artificial circles which we conceive as 
drawn around the firmament. In all ages, so far 
as we know, this wonderful zone has retained the 
same position among the constellations as at the 
present day; and is frequently alluded to both by 
the astronomers and the poets of antiquity. Thus 
Ovid, on account of its luster, represents it as 
the high road to heaven, or the court of Jupiter: 

«¢ A way there is in heaven’s extended plain, 

Which when the skies are clear as seen below, 

And mortals by the name of Milky know; 


The groundwork is of stars, through which the road 
Lies open to the Thunderer’s abode.” 


And, Milton, in his “Paradise Lost’? alludes to it 
in these lines: 

“ A broad and ample road, whose dust is’ gold, 

And pavement stars, as stars to us appear; 

Seen in the galaxy, that Milky Way, 

Like to a circling zone powdered with stars.” 


This zone may be traced in the heavens as 
follows:—Beginning near the northern quarter 
of the heavens, at the head of Cepheus, or about 
30° from the north pole, we may trace it through 
Cassiopeia, Perseus, Auriga, part of Orion, and 


tions. may not appear altogether inappropriate | the feet of Gemini. At this last point it crosses 
when entering upon a description of the Milky | the Zodiac, and proceeding southward across the 


Tie ail 


equinoctial into the southern hemisphere, it passes 
through the Unicorn and the middle of the ship 


Argo, where it is most luminous. It then passes 
through. Charles’s Oak, the feet of the Centaur, 


the Cross, the Altar, the tail of Scorpio, the bow 
of Sagittarius, and a part of Ophiuchus. Here it 
separates into two branches as it passes again 


over the Zodiac into the northern hemisphere. | 


One branch runs through the tail of Scorpio, the 
bow of Sagittarius, the shield of Sobieski, the 
feet of Antinous, Aquila, Delphinus, the Arrow, 
and the Swan. The other branch passes through 
the upper part of the tail of Scorpio, the side of 
Serpentarius, Taurus, Poniatowski, the Goose, 
and the neck of the Swan, where it again unites 
with the other branch, and passes on to the head 
of Cepheus, the place of its beginning. After 
sending off the two branches above-mentioned, 
they unite again after remaining separate for the 
space of more than 100 degrees. There is another 
small separation of the Milky Stream between 
Cassiopeia and Perseus. The two streams appear 
to leave a blank about the head of Perseus, and a 
considerable space on each side of it, to the extent 
of about thirty degrees in length, and three in 
breadth, and are again joined into one stream in 
the sword of Perseus, adjacent to Cassiopeia.* 

From the above description it will appear that 
the form, breadth, and general appearance of this 
zone are various in different parts of its circuit 
round the heavens. In some places it appears 
dense and luminous, in others faint and scattered; 
in certain points it appears broad, and in others 
narrow. Its breadth in some places, as between 
Auriga and Perseus, is only about four or five 
degrees; in other places, as in the southern parts 
of Scorpio, Ara, and the Cross, its breadth is from 
ten to fifteen or eighteen degrees. It assumes 
the appearance of a double path from the tail of 
the Scorpion, through the bow of Sagittarius, 
Antinous, Aquila, Taurus, Poniatowski, the Goose, 
and part of the Swan. It is more or less visible 
at every season of the year; but in Britain and in 
other northern latitudes it is most conspicuous 
during the months of August, September, and 
October, the latter part of July, and the beginning 
of November. About the middle of August, at 
nine o’clock in the evening, it may be seen 
stretching in an oblique direction over the hea- 
vens, from north-east to south-west, and its ap- 
parent motion along the heavens may be traced 
along with that of the other constellations.. At 
other seasons of the year, and at other hours of 
the night, its position and form will appear some- 
what different. It appears most. brilliant in the 
southern hemisphere, particularly in the neigh- 
borhood of Argo, Ara, and the splendid constella- 
tion of the Cross. Between the tropics, where 
the atmosphere is clear and serene, it appears 
most vivid and brilliant. Mr. Brydon informs us 
that, from the top of Etna, it appeared “like a 
pure flame that shot across the heavens.” 

The ancients seem to have conjectured that the 
whiteness of this zone was owing to a confluence 
of stars; for Ovid, in the lines above quoted, says 
“Its groundwork is of stars.”’ Soon after the in- 
vention of the telescope this conjecture was con- 
firmed, and astronomers were astonished at the 
number of stars which appeared in this bright 
zone of the heavens; and their number appeared 
to be increased in proportion to the magnifying 
powers of their telescopes. But it was not before 
Sir W. Herschel applied his powerful instruments 
co Ee eee ae! Y 


* See the direetion of this zone 


tion in the map of the stars 
on Mercator’s projection, at 





bs ol. 
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to this region of the heavens that its prof undilies 
were explored, and all its minute nebulous parts 
shown to consist of countless myriads of stars, of 
every apparent magnitude, stretching onward to 
the regions of infinity, until they appeared to be 
lost to the view, even when assisted by the largest 
telescop On first presenting telescopes of con- 
siderable power to this splendid zone, we are lost 


in amazement at the number, the variety, and the 


beautiful configurations of the stars of which it 
is composed. In certain parts of it every slight 
motion of the telescope presents new groups and 
new configurations, and the new and wondrous 
scene is continued over a space of many degrees 
in succession. In several fields of view, occupy- 
ing a space not much more than twice the breadth 
of the moon, you perceive more of these twink- 
ling luminaries than all the stars visible to the 
naked eye throughout the whole canopy of 
heaven. You seem to penetrate, as it were, to 
the remoter boundaries of creation, and feel be- 
wildered and lost amidst the immensity of the 
universe. I have never been inspired-with higher 
ideas of grandeur and sublimity, nor felt deeper 
emotions of humility and reverence, than when 
occasionally contemplating this stupendous scene 
through telescopes of considerable brilliancy and 
power. There is not another scene in creation, 
open to the view of mortals, calculated to fill the 
soul with more august conceptions, or to inspire 
it with more profound admiration and awe. In 
such surveys we behold ‘‘new heavens”? and 
other firmaments rising to view, whose distances 
baffle the utmost stretch of imagination. 


«OQ what a confluence of ethereal fire 
From suns unnumbered down the steep of heaven 
Streams to a point and centers on my sight.” 


The following contains a brief summary of 
Sir W. Herschel’s observations on this region of 
the heavens, made with a Newtonian reflecti 
telescope of twenty feet focal length and an ap- 
erture of eighteen inches. He found that this 
instrument completely resolved all the whitish 
appearances into stars, which the telescopes he 
formerly’ used had not light enough todo. The 
portion he first observed was that about the hand 
and club of Orion, and he found in this space an 
astonishing number of stars, whose number he 
endeavored to estimate by counting many fields; 
that is, the apparent space in the heavens he could 
see at once through his telescope, and computing 
from a mean of these how many may be contained 
in a given portion of the milky way. In the 
most vacant place to be met with in that neigh- 
borhood he found 63 stars; other six fields con- 
tained 110, 60, 70, 90, 70, and 74 stars, a mean of 
all which gave 79 for the number of stars to 
each field; and then he found that, by allowing 
fifteen minutes for the diameter of his field of 
view, a belt of fifteen degrees long and two broad, 
which he had often seen pass through his teles- 
cope in an hour’s time, could not contain less 
than. 50,000 stars, large enough to be distinctly 
numbered; beside which he suspected twice as 
many more, which could be seen only now and 
then, by faint glimpses, for want of sufficient 
light., ‘The reader may acquire some conceptions 
of this immense number of stars occupying so 
small a space, if he consider that it is fifty times 
more than all the stars which the naked eye can 
discern at one time throughout.the whole heavens, 





and that the space they occupy is only the 
1-1375th part of the visible canopy of the heavens; 
so that if every part of the firmament were equally 
rich in stars, there would be within the reach of 


Be ‘ 


» 


such a telescope as Herschel’s no less than 68,- 
750,000, or sixty-eight millions, seven hundred 


and fifty thousand stars. And we are further to’ 


consider that it was only in the comparatively 
‘vacant places ”’-of this zone that the number of 
stars above stated were perceived. 

In some of his observations of other parts of 
this zone, Sir W. Herschel informs us that he 
descried a much greater number of these lumin- 
aries in a similar extent of space. ‘In the most 
crowded. parts of the Milky Way,’’ he says, “I 
have had fields of view that contained no fewer 
than 588 starsjan@ these were continued for many 
minutes, so that in one quarter of an hour’s time 
there passed no less than 116,000 stars through 
the field of view of my telescope.’’ In order to: 
appreciate. this description, we are to suppose the 
telescope to have been fixed in one position at the 
time of observation, and that by the diurnal mo- 
tion of the earth, or the apparent motion of the 
heavens, the first field of stars was gradually car- 
ried out of view, and other fields appeared in 
succession, until, in the space of fifteen minutes 
of time one hundred and sixteen thousand stars 
passed over the field of vision. Now, the field of 
view taken in’ by the telescope was only 15’ of a 
degree, a space which is less than the one-fourth 
part of the apparent size of the moon. In this 
narrow field were seen about as many stars as are 
generally beheld.throughout the whole sky by the 
naked eye in a clear winter’s night; for although 
nearly a thousand stars might be seen bya very 
acute eye in aclear atmosphere, yet there are few 
persons that in our climate could distinctly recog- 
nize above 600 or 700 stars even in a clear night. 
At another time, this indefatigable astronomer 
perceived no less than two hundred and fifty-eight 
thousand stars pass before his view in the course 
of forty-one minutes. In the space between ¢ 
andy of the Swan, the stars are found clustering 
with a kind of division between them, so that they 
may be considered as clustering toward two dif- 
ferent regions. In this space, taking an average 
breadth of about five degrees of it, he found from 
observation that it contains more than 331,000 
stars, which gives above one hundred and sixty- 
five thousand for each clustering collection. 

Supposing the Milky Way to be, on an average, 
twelve degrees broad, the whole of it will contain 
an area of 4320 degrees = 12 X 360. Now, if 
the space examined by Herschel between Beta 
and Gamma of the Swan be about fourteen de- 
grees in length and five degrees in breadth, it will 
contain an area of seventy degrees, which is 
somewhat less than the 1-6lst part of the space 
occupied by the Milky Way. Were we to sup- 
pose every part of this zone equally rich in stars 
as the space now referred to, it will contain no 
less than 20,191,000 stars, or more than twenty 
thousand times the number of those which are 
visible to the naked eye. The whole visible hea- 
yvens, considered as a spherical plane, contains an 
area of 41,253 degrees. Now, could we suppose 
every portion of the firmament to be equally well 
replenished with stars as the milky zone, there 
would be more than 195,000,000* of stars in the 
heavens discernible by such a telescope as Her- 
schel’s; but as there are comparatively few other re- 
gions of the heavens so densely crowded with 


stars as the Milky Way, we must make a certain 


abatement from this estimate, though it is proba- 
ble there are more than one hundred millions of 
stars within the reach of our best instruments 








*4 25 3% 58 2 2 3 > 331,000 = 195,067,757. 
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were all the spaces of our firmament thoroughly 
explored; and future generations, with more pow- 
erful telescopes, may add indefinitely to the num- 
ber. Had we taken the most crowded field of 
stars which Herschel perceived through his tele- 
scope (namely, 588) as our standard for estimating 
their number, the amount of stars in the Milky 
Way would have been forty millions, and in the 
whole. heavens, 388 millions. In short, to use:the 
words of Sir John Herschel—*This remarkable 
belt, when examined through powerful telescopes, 
is found (wonderful to relate!) to consist entirely 
of stars scattered by millions, like glittering dust, 
on the black ground of the general heavens.” 

Tn regard to the distances of some of these'stars, 
we may easily conceive that they are immense, 
and consequently far removed from our distinct 
comprehension. Sir W. Herschel, in endeavoring 
to determine a “sounding line,” as he calls it, to 
fathom the depth of the stratum of stars in the 
Milky Way, endeavors to prove, by pretty conclu- 
sive reasoning, that his twenty feet telescope 
penetrated to a distance in the profundity of space 
not less than 497 times the distance of Sirius; so 
that a stratum of stars amounting to 497 in thick- 
ness, each of them.as far distant beyond another 
as the star Sirius is distant from our sun, was 
within the reach of his vision when looking 
through that, telescope. Now, the least distance. 
at which we can conceive Sirius to be from the 
earth or the sun is 20,000,000,000,000, or twenty 


-billions of miles; and consequently the most dis- 


tant stars visible in his telescope must be four 
hundred and ninety-seven times this distance, that 
is, 9,940,000,000,000,000, or nearly ten thousand 
billions of miles!. Of such immense distance, it 
is evident we can form nothing approaching to a 
distinct conception. We can only approximate to 
arude and imperfect idea by estimating the time 
in which the swiftest bodiesin nature would move 
over such vast spaces. Light, which is endowed 
with the swiftest degree of motion yet known, 
and which flies at the rate of nearly twelve millions 
of miles every minute, would require one thousand 
six hundred and forty years before it could tra- 
verse the mighty interval stated above; and a can- 
non ball, flying at the rate of 500 miles an hour, 
would occupy more than 2,267,855,068, or two 
thousand, two hundrea and sixty-seven millions, 
eight hundred thousand years, in passing through 
the saine space!—a-period of years before which 
all the duration that has passed since man was 
placed on this globe appears only like a few fleet- 
ing hours, or “as an handbreadth or a span.’’* 





*The celebrated Schroeter, of Lilienthal, was a frequent 
observer of the stars which crowd the Milky Way. He 
was in the habit of observing with one of the largest reflect- 
ing telescopes to be found in Europe. This telescope was 
one of the finest ever constructed, and was the workmanship 
of Professor Schrader, of Kiel. The diameter of the specu- 
Jum was about nineteen inches; it was about two inches in 
thickness, and toward the edge cast conical, so that the di- 
ameter of the polished surface is almost a quarter of an 
inch less than at the back, which circumstance was consider- 
ed of the greatest utility in the finishing and polishing. It had 
a focus of twenty-six feet, and, without the frame, weighed 
eighty pounds. The large octangular tube was constructed 
with boards, made impenetrable to rain; and the instrament 
when ready for use was twenty-seven feet long. An im- 
mense quantity of apparatus and machinery was requisite 
for steadying and moving it. The figure of the speculum 
was so perfect, that it could bear a power of 800 or 1000 
times without diminishing the aperture, Its capability of 
resolving the nebulosity of the Milky Way seems to have 
equaled that of the telescopes of Herschel. He allowed 
twenty degrees of its length from a Cygni to pass through 
the field, and the sight drew from him the natural exclama- 
tion, ‘‘ What Omnipotenee !” The power on the telescope 
in such observations was 179, and the diameter of the field, 
fifteen minutes; and the number of stars it contained at 
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Here, then, let us pause for a moment, and) 
consider the august spectacle presented to view. 
We behold a few whitish spaces in the firmament, 
almost overlooked by a common observer when he 
casts a’ rude glance upon the evening sky; yet in 
this apparently irregular belt, which appears only 
like an accidental. tinge on the face of the firma- | 
ment, we discover, by optical instruments, what 
appears to be an amazing and boundless universe."| 
We behold not only ten thousands, but millions 
of splendid suns, where not a single orb can be 
perceived by. the unassisted eye. ‘The distance at 
which these luminous globes are placed from our 
abode is altogether overwhelming; even the most 
lively imagination drops its wing when attempting 
its flight into such unfathomable regions: The 
scenes of grandeur and magnificence connected 
with such august objects are utterly overwhelm- 
ing to such frail and limited beings ay man, and 
perhaps even more exalted orders of intelligences 
may find it difficult to form even an approximate 
‘idea of objects so distant, so numerous, and so 
sublime. ‘ 

On our first excursions into the celestial regions 
we are almost frightened at the idea of the distance 
of such a body as Saturn, which a cannon ball 
projected from the earth, and flying with its ut- 
most velocity, would not reach in 180 years— 
Weare astonished at the size of sucha planet as 
Jupiter, which could contain within its circumfer- 
ence more than a thousand globes as. large as the 
earth. We are justly amazed at the stupendous 
magnitude of the sun, which isa thousand times 
the size of Jupiter, and which illuminates with its 
splendor a sphere of more than five thousand mil- 
lions of miles in circumference. But what are 
all such distances.and dimensions, vast and ama- 
zing as they are, compared with the astonishing 
grandeur of the scene before us?. They sink into 
comparative insignificance, and are almost lost 
sight of amidst the myriads of splendid suns 
which oceupy the profundities of the Milky Way. 
What is one sun and one planetary system in the 
presence of ten millions of suns perhaps far more 
resplendent, and of a hundred times this number 
of spacious worlds which doubtless revolve around 
them? Yet this scene, stupendous as it is, is not 
the universe. It is perhaps, as we shall see, only 
a comparatively small corner of creation, which 
beings at an immensely greater distance will be- 
hold as an obscure and scarcely discernible speck 
on the outskirts of their firmament; so that 
amidst this vast assemblage of material existence 
we may say, in the language of the inspired 
prophet, when speaking of the Almighty, that 
even here is but “the hiding of his power.??— 
What then must the whole of creation be? and 
what must be the ineffable splendor and majesty 
of Him who laid the plan of the mighty fabric, 
whose breath kindled so many millions of suns, 
whose hands set in motion so many myriads of 
rolling worlds, who supports them in their ample 
and diversified courses, and whose moral govern- 
ment extends over ali? And what is man, and 
the globe on which he dwells, amidst this scene of 
immensity and magnificence?—an atom in the 
infinity of space—a particle of vapor compared to 
the ocean—a being who in respect to the magnifi- 
cence of creation and the grandeur of his Creator, 
is “as nothing, and is counted to him as less than 
nothing and vanity.” 





onee could never be counted, 
at less than fifty or sixty, and often reached or exceeded 
150. He calculated that the number of stars visible through 
this telescope could not be less than 12,000,000, 


They were never estimated 





* 


ot 
HEAVENS. 


Yet, amidst all the magnificence of this vast 
system of universal nature, man is not forgotten 
by his Maker; his hand supports him, his wisdom 
guides him, and his overflowing goodness pro- 
vides, in a thousand different modes, for his hap- _ 
piness and enjoyment. He shares of the Divine 
beneficence and caré in common with all the 
bright intelligences that people the amplitudes of 
creation, and is as amply provided for as if the Al- 
mighty had no other world under his superintend- 
ence. Within the moral government of the 
Creator of .the universe he may rest secure and 
confident that he is not overlooked amidst the 
immensity of being, for his presence pervades the 
infinity of space, and his knowledge extends to 
the minutest movements of all his creatures.— 
Under his paternal care, not only man, but the 
crawling worm, the fluttering insect, the little ant, 
and even the microscopic animalculum, find a 
home and provisions, as well as the highest order 
of his creatures; for “he openeth his hand and 
supplieth the wants of every living being.” 

Notwithstanding the size of the Milky Way, 
and the immense number of ‘stars of which it is 
1, it is now considered as nothing more 
of the nebule, or starry systems, which 
to be dispersed throughout the universe. 
It is supposed, and with some reason, that it is the 
nebula or assemblage of stars, in which our sun 
is placed. Its situation in this nebula is reckoned 
to be, not in the center of its thickness, but rather 
toward one of the sides, near the point where it 
diverges into two branches. According to this 
hypothesis, the Milky Way is to be considered as 
the projection of the nebula upon the concave 
surface of the sky, as seen from a point within it. 
“ We gather this,”’-says Sir W. Herschel, “ from 
the appearance of the galaxy, which seems to 
encompass the whole heavens, as it certainly must 
do if the sun is within the same; for suppose a 
number of stars arranged between two parallel 
planes indefinitely extended every way, but at.a 
given considerable distance from one another, 
and calling this a sidereal stratum, an eye placed 
somewhere within it will see all the stars in. the 
direction of the planes of the stratum projected 
into a great circle, which will appear lucid on ac- 
count of the accumulation of the stars, while the 
rest of the heavens at the sides will only seem to 
be scattered over with constellations, more or less 
crowded, according to the distance of the planes 
or number of stars contained in the thickness or 
sides:of the stratum.’’ 

Thus if the solar system be supposed at S, in 
the middle of the nebula a b¢ d e f, with two 
branches, a c,6 ¢ (fig. 38), the nebula will be 
projected into a circle A B C D, the arches A B 
C, A E C, being the projection of the branches 
ac, 6 c, while the stars near the sides of the stra- 
tum will be. seen scattered over the remaining part 
of the heavens among the spaces F’, I, H, K, @. 
If the eye were placed somewhere without the 
stratum, at no very great distance, the appearance 
of the stars within it would assume the form of 
one of the lesser circles of the sphere, which 
would be more or less contracted according to the 
distance of the eye; and if this distance were 
exceedingly increased, the whole stratum might 
at last be drawn together into a lucid spot of any 
shape, according to the position, length and hight 
of the stratum. 

In order to determine those points, Sir W. Her- 
schel put in practice a method which he calls 
gauging the heavens, which consists in repeatedly 
counting the number of stars in the fields of view 
very near each other, by which he obtained a 
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mean of the number of stars in that part of the 
heavens, He then proceeds on the supposition 
deduces the length of his visual’ ray, 
or the distance through which his tel- 
escope had penetrated, or, in other 
words, the distance of the remotest 
Stars in that particular region of the | 
heavens. To illustrate this, let us sup- 
pose the Milky Way a nebula, and 
that the sun is not placed im its center. 
Then, on the supposition that the stars 
are nearly equally scattered, it is evi- 
dent that the part of the Milky Way 
where the stars are the most numerous 
extend farthest from’ the sun, and the | 
parts where they are less numerous | 
must extend to a less distance.’ Pro- 
ceeding on these grownds, Sir W. Her- & 
schel found the length of his visual & 
ray for different parts of the heavens. | 
In’ some cases he found it equal to | 
497 times the distance of Sirius, sup- } 
posed to be the nearest star, as formerly 
stated. The following is a representa- 
tion of a section of the nebula of the | 
Milky Way, according to his delinea- § 
tion. This section is one which makes | 
an angle of thirty-five degrees with 
our equator, crossing it in 12414 and | 
30416 degrees. A celestial globe ad- 
justed to the latitude of fifty-five de- } 
grees north, and having < Cett near the § 
meridian, will have the plane of this § 
section pointed out by the horizon. If 
the solar system (fig. 39), be at S; the 
brightness of the Milky Way will be 
greatest in the directions S a, S b, S, p, 
where the stars that intervene are most 
numerous, or where the visual ray is | 
longest. In the lateral directions S n, 
Sm, the nebulosity will not appear 
from the small number of interposing 
stars, and the stars, though numerous, 
will appear moro scattered. In the 
direction S ¢, on account of the opening 
a and 6, there will be an empty space contained 
between these two branches where the nebulosity 
is not observed, as is the case in the Milky Zone 
between « Scorpio in the south and 7 Cygni in 
the north, a length of about 102 degrees. The 
stars in the border, which are marked larger than 
the rest, are those pointed out by the gauges; the 
intermediate parts are filled up by smaller stars 
arrangec in straight lines between the gauged 
ones. The circle around S represents an ex- 
tent about forty times the distance of the near- 
est fixed stars, which may be considered as 
comprehending all those which are visible to the 
naked eye. 

“From this figure,’ says Sir W. Herschel, “ we 
may see that our nebula is a very extensive branch- 
ing, compound congeries of many millions of stars, 
which most probably owes its origin to many re- 
markably large, as well as pretty closely scattered 
small stars that may have drawn together the rest.” 
Again—* If it were possible to distinguish between 
the parts of an indefinitely extended whole, the 
nebula we inhabit might be said to be one that 
has fewer marks of antiquity than any of the rest. 
To explain this idea more clearly, we should ‘re- 
collect that the condensation of clusters of stars 
has been ascribed to a gradual approach; and 
whoever reflects on the number of ages that must 
have passed before some of the clusters that are to 
be found in my intended catalogue could be so far 
condensed as we find them at present, will not 
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that the stars are equally scattered, and from the 
number of stars in any part of the heavens he 


Fig. 38, 





and 
vigor to very many regularly scattered regions of 
our sidereal stratum. -'There are, moreover, many 
places in it in which, if we may judge from some 
appearances, there is the greatest reason to believe 
that the stars are drawing toward secondary cen- 
ters, and will in time separate into ‘clusters so as 


wonder if I ascribe a certain air of youth 


to occasion many subdivisions. Oursystem, after 
numbers of ages, may very possibly become di- 
vided so as to give rise to a stratum of two or 
three hundred nebulw; for it would not be diffi- 
cult to point out so many beginning or gathering 
clusters in it. This throws considerable light 
upon that remarkable collection of many hun- 
dreds of nebulee which are to be seen in what I 
have called the nebulous stratum in Coma Bere- 
nices. It appears from the branching and exten- 
ded figure of our nebula, that there is room for 
the decomposed small nebule of a large reduced 
former great one to approach nearer to us in the 
sides than in any other parts.” s . “Some 
parts of our system seem indeed already to have 
sustained greater ravages of time than others; for 
instance, in the body of the Scorpion is an open- 


jing or hole, which is probably owing to this cause. 


It is at least four degrees broad, but its hight I 
| have not yet ascertained. It is remarkable that 
| the 80th nebula of the Connoissance des Temps, 
| which is one of the richest and most compressed 
clusters of small stars I remember to have seen, 
|is situated just on the west border of it, and would 





almost authorize asuspicion that the stars of which 
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it is composed were collected from that place, and 
had left the vacancy. 


Fig. 39._ 





The remarks in the above paragraph 1 present 
to the reader merely as the opinions of an illus- 
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trious astronomer and an indefatigable observer 
of celestial phenomena, without vouching for the 
accuracy or probability of such speculations and 
hypotheses. To determine the reality of such 


changes in bodies so numerous and so distant, 


would require an indefinite lapse of ages; yea, 
perhaps the revolutions of eternity are alone sufli- 
cient for determining the sublime movements and 
changes which happen among the inimense as- 


|semblages of material existence which constitute 
the universe. 


There is a high degree of proba- 
bility that everything within the material system 
is liable to change of one kind or other, and that 
there. is, no sun nor world, among all. the myriads 
of globes which replenish the sidereal heavens, 
but what is actually in motion,—and moving, tov, 
with a velocity which the inhabitants of such a 
world as ours can scarcely appreciate; and such 
| motions, ‘in the course of ages, may be productive 
of a vast diversity of scenery in different regions 
of the universe... And if so, it presents to view 
another instance. of that variety which the Crea- 
tor has introduced into his universal kingdom 
to gratify the unbounded. desires of intelligent 


oiel 
; | conclude this chapter with the following 

ion of the Milky Way, which Sir John 
Herschel has published since his residence in the 


southern hemisphere:—* The general aspect of 
the southern cireumpolar region—including in 
that expression sixty or sev’ degrees of south- 
polar distance—is in a high rich and mag- 
-nificent, owing to the superior brilliancy and larger 
development of the Milky Way, which from 
the constellation of Qrion to tha Antinous is 
ablaze of light, strangely interrupted, however, 
with almost starless patches, especially in Scorpio, 
near « Centauri, and the Cross; while to the north 
it fades away pale and dim, and is in comparison 
hardly traceable. I think it is impossible to view 
this splendid zone, with the astonishingly rich and 
| evenly distributed fringe of stars of the third and 
fourth magnitudes—which form a broad skirt to 
its southern border, like a vast. curtain—without 
an impression, amounting almost toa conviction, 
that the Milky Way is not a mere stratum, but an 
annulus; or at least that our system is placed 
within one of the poorer or almost vacant parts 
of its general mass, and that eccentrically, so as 
to be nearer to the parts about the Cross than to 
‘ that diametrically opposed to it”? { 












CHAPTER XI. 


ON GROUPS AND CLUSTERS OF STARS. 


On a cursory view of the heavens, the stars ap- 
pear to be very irregularly scattered over the con- 
cave of the firmament. In some places a consid- 
erable interval appears between neighboring stars, 
while in others they appear so crowded ‘that the 
eye can with difficulty perceive the Spaces be- 
tween them. Even to’ the unassisted eye, there 
are certain groups of this description which strike 
the attention of every observer, and lead to the 
conclusion that the stars of which they are com- 
posed have been brought together by some gene- 
ral law, and not by mere casual distribution. Of 
these, the group called the Pleiades, or Seven 
Stars, is the most obvious to common observers. 
This group is situated in the constellation Taurus 
about 14° to the west of the star Aldebaran (see 


Plate I), and may be seen every clear eve 
from the end of August until the middle of 
It is generally reckoned that only six stars 
distinctly counted in this group by common eyes, 
but that originally they consisted of Seven, which 
every one could easily perceive, and it has there- 
fore been conjectured that one of them has long 
since disappeared. .To this, circumstance Ovid, 
who lived in the time of our Saviour, ulludes in 


ning 
April.# 
ean be 





these lines: 


“Now rise the Pleiades, those nymphs so fair, 
Once seven numbered, now but six there are.” 


In fabulous history it is said that the Pleiados, 





< a . . . = wate 
Ha cetietaan view of the Pleiades is exhibited in the 


ee ey 
T*Quz septem dici, sex tamen esse solent.” 
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the star Merope, one of the Atlantides, appears | the girdle of Andromeda and the Northern Fish, 


more dim and obscure than the rest, or is alto- 
gether extinguished, because, as the poets fancy, 
she married a mortal, while her sisters married 
some of the gods or their descendants. Dr. Long, 
however, declares that he himself had more than 
once seen.seven stars in this group; and a learned 
astronomical friend assured him that he had seen 
eight stars among the Pleiades, where common 
eyes can discover but six; and Kepler says of his 
tutor Meestlinus, that “ he could reckon fourteen 
stars in the Pleiades without any glasses.” This 
difference in the number seen by different persons 
in this group is obviously owing to the different 
degrees of acuteness of vision possessed by the 
respective individuals. However small the num- 
ber perceived by the naked eye, the telescope 
shows them to be a pretty numerous assemblage. 
Dr. Hook, formerly professor of geometry in Gre- 
sham College, informs us that, directing his twelve- 
feet telescope (which could magnify only about 
seventy times) to the Pleiades, he did in that small 
compass count seventy-eight stars; and making 
use of longer and more perfect telescopes, he dis- 
covered a great many more of different magni- 
tudes. ; Rede. 

The ingenious Mr. Mitchell, more than fifty 
- years ago, started the idea of the stars being form- 


ed into groups or systems which are entirely de- 


tached from one another, and have no immediate 
connection. In rence to the Pleiades, he con- 
ducted his reas as follows:— The Pleiades 
are composed o remarkable stars, which are 
placed in the midst of a number of others that 
are all between the third and sixth magnitudes; 
and comparing this number six with the whole 
number visible in the heavens to the naked cye, 
he calculated, by the doctrine of chances, that 
among all this number, if they had been dispersed 
arbitrarily through the celestial vault, it was about 
five hundred millions to one that six of them 
should be placed together in so small a space. It 
is therefore so many chances to one that this dis- 
tribution was the result of design, or that there is 
a reason or cause for such an assemblage.”’ 

The constellation called Coma Berenices is ano- 
ther group, more diffused than the Pleiades, which 
consists chiefly of small stars which can scarcely 
be distinguished in the presence of the moon. 
This beautiful cluster lies about five degrees east 
of the equinoctial colure, and midway between 
the star Cor Caroli on the north-east, and Dene- 
bola, in the Lion’s tail, on the south-west. If a 
straight line be drawn from Benetnasch—the star 
at the extremity of the tail of the Great Bear— 
through Cor Caroli, and produced to Denebola, it 
will pass through this cluster, It may also be 
distinguished as situated about twenty-six de- 
grees west by north from the bright star Arcturus. 
The confused luster of this assemblage of small 
stars bears a certain resemblance to that of the 
Milky Way, and, beside the stars of which it is 
chiefly composed, it contains a number of nebu- 
le. Sir W. Herschel supposes that the stratum 
of nebule in this quarter runs out a very consi- 
derable way, and that it may even make the cir- 
cuit of the heavens, though not in one of the 
great circles of the sphere. He also supposes that 
the situation of the stratum is nearly at right an- 
gles with the great sidereal stratum in which the 
sun is placed, that the Coma itself is one of the 
clusters in it, and that it is on account of its near- 
ness that it appears to be so scattered. He appre- 
hends that the direction of it toward the north 
lies probably, with some windings, through the 
Great Bear onward to Cassiopeia, thence through 








proceeding toward Cetus; while toward the south 
it passes through the Virgin, probably on to the 
tail of Hydra and Centaurus. 

Another group, somewhat similar, but less de- 
finite, is found in the constellation of Cancer; it 


bis called Presepe, or the Bee Hive, and is a neb- 


ulous cluster of very minute stars, not separately 
distinguishable by the naked eye. A telescope 
of very moderate power, however, easily resolves 
it into small stars. It is sufficiently luminous to 
be seen as a nebulous speck by the unassisted eye, 
and is somewhat like the nucleus of a comet, for 
which it has frequently been mistaken by ordinary 
observer situated in a triangular position 
i Jastor and Procyon, or the Little 
Dog. A lin drawn from Procyon in a north- 
easterly di ection meets with Presepe at the dis- 
tance of twenty degrees. This line drawn in a 
north-westerly direction from Presepe, meets Cas- 
tor at the same distance. ‘These lines form nearly 
a right angle, the angular point being in Praesepe. 
It may otherwise be discovered by means of two 
stars of the fourth magnitude lying one on either 
side of it at the distance of about two degrees. It 
may likewise be found by conceivinga line drawn 
through Castor and Pollux to the south-east, and 
continued about fifteen degrees, or three times the 
distance between Castor and Pollux. This clus- 
ter, Sir W. Herschel thinks, belongs to a certain 
nebulous stratum so placed as to lie nearest us. 
This stratum runs from ¢ Cancri toward the south, 
over the 67th nebula of the Connoissance des 
Temps, which is a very beautiful and much com- 
pressed cluster of ‘stars, easily to be seen by any 
good telescope, and in which he has observed 
above 200 stars at once in the field of view of his 
great reflector, with a power of 157. This clus- 
ter appearing so plainly with any good com- 
mon telescope, and being so near to the one 
which may be seen with the naked eye, denotes 
it to be probably the next in distance to that 
within the quartile formed by 7216. From the 
67th nebula, the stratum of Cancer proceeds to- 
ward the head of Hydra. a ; 

I have seldom contemplated a more brilliant 
and beautiful view in the heayens than one of the 
fields of view of this cluster of stars. With a 
316 feet achromatic, and a power of 95,1 have 
counted from fifty to seventy stars. Fifteen or 
twenty of the most brilliant of these presented 
beautiful configurations: one of them was an equi- 
lateral triangle; another, an isosceles; a third, 
nearly of the figure of acone; a fourth, parallel 
lines, &c. In more than two instances, three 
brilliant equidistant stars appeared in a straight 
line, similar to the belt of Orion, while a consid- 
erable number of the remaining stars appeared 
extremely small. With a 614 feet achromatic, 
whose object-glass is four inches diameter, and a 
power of 110, this view was rendered still more 
brilliant. Several fields of view, nearly of this 
description may be perceived in this cluster. Fig. 
40 represents one of these views, in which somé 
of the smaller stars are omitted. ‘This view was 
taken with the 31 feet telescope, having an erect 
eye-piece. The configurations appear somewhat 
different in their relations to each other when 
viewed with an inverting eye-piece. 

Another cluster is found in the sword-handle of 
Perseus, which is crowded with stars of a smaller 
size than in the clusters already noticed, and 
which requires a telescope of greater power to re- 
solve them and show them separated from each 
other. Perseus is one of the northern cireumpo- 
lar constellations, nearly opposite to the three stars 
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in the tail of the Great Bear. Aline drawn from 
these stars through the pole-star meets the sword 
‘and head of Perseus at nearly an equal distance 
on the opposite side. It is direetly north of the 
Pleiades, between Andromeda and Auriga. The 


Fig. 40. 





sword is in the neighborhood of Cassiopeia. A 
line drawn from Algenib, the brightest star in this 
constellation, to the middle of Cassiopeia, passes 
through the sword-handle where the cluster: is 
situated, which is about midway between these 
two objects. 

If the lowermost of the three small stars which 
form the sword of Orion be viewed with a good 
telescope, a beautiful configuration of stars will 
be perceived. Fig. 41 represents the principal 


Fig. 41. 





stars comprehended in one field of view at this 
point, as taken with a six feet and ahalf telescope, 
with an inverting eye-piece, magnifying 110 
times; it exhibits a distant resemblance of the 
whole constellation of Orion as seen by the na- 
ked eye. But in the neighborhood of certain 
parts of the Milky Way, particularly about the 
regions in the vicinity of the star Altair and in 
the constellation Cassiopeia, the stars, though 
smaller, are much more numerous. With a very 
moderate power on the above-mentioned telescope, 
I have had fields of view of from fifty to a hun- 
dred, stars, some of them beautifully arranged, 
and such fields continued over a space of several 
degrees. : 

The above may be considered as specimens of 
groups of stars, which every one possessed of tel- 
escopes may easily examine for himself. They 
form very beautiful objects for exhibiting to young 
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people and to amateurs in astronomy; and it can- 
not but strike the mind with wonder and admira- 
tion to behold, in one point of view, within a 
space little more than that of the one-fifth of the 
apparent size of the moon, nearly a hundred re- 


| splendent suns emitting their effulgence from re- 


gions immeasurably distant, and arranged in beau- 
tiful symmetry and order—-a scene of creating 
power surpassing in grandeur ten thousand worlds 
such as ours, and in which our whole planetary 
system would appear only as the smallest twinkling 
star. Such telescopic views of the nocturnal 
heavens have a tendency to. expand the capacity 
of the soul, to inspire it with magnificent concep - 
tions, and to raise its affections above the, low 
ambition ‘and paltry concerns of this transitory 
scene to the distant and more magnificent scenes 
of the Divine empire. To the devout and con: 
templative philosopher the following lines of the 
poet may be applied: 


«* Not to this evanescent speck of earth 
Poorly confined—the radiant tracks on high 
Are his exalted range; intent to gaze 
Creation through, and froin that full complex ‘ 
Of never-ending wonders to conceive 

Of the sole Being right, who spoke the word, 
_ And Nature moved complete.” 
wt Tzzomson’s Summer. 


Sir W. Herschel makes a distinction between 
groups and clusters of stars. A group isa collec- 
tion of stars closely and almostvequally compres- 
sed, and of any figure or cute There is no 
particular condensation of ars to indicate 
the existence of a central foree, and the groups 
are sufficiently separated from neighboring stars 
to show that they form peculiar systems of their 
own. According to this definition, the congeries 
of stars I have pointed. out above are to be con- 
sidered as belonging to the class of groups. . Clus- 
ters of stars differ from groups in. their beautiful 
and artificial arrangement. Their form is gen- 
erally round, and their condensation is such as to 
produce a mottled luster somewhat resembling a 
nucleus. The whole appearance of a cluster in- 
dicates the existence of a central force, residing 
either in a body or in the center of gravity of the 
whole system. The stars of which it is composed 
appear more and more accumulated toward the 
center. 

Many such clusters are found in the heavens 
invisible to the naked eye, and whose existence as 
dim specks of light can ‘only be recognized by the 
assistance of optical instruments. ‘Telescopes of 
moderate power exhibit them only as small round 
or oval specks, somewhat resembling comets with- 
out tails; but when these objects are examined 
with telescopes of great. power, *‘they are then,” 
as Sir John Herschel remarks, “ for the most part, 
perceived to consist entirely of stars crowded to- 
gether so as to occupy almost a definite outline, 
and to run up to a blaze of light in the center, 
where their condensation is usually the greatest.” 
* Many of them, indeed, are of an exactly round 
figure, and convey the’ complete idea of a globu- 
lar space filled full of stars, insulated in the hea- 
vens, and constituting in itself a family or society 
apart from the rest, and subject to its own inter- 
nal laws. It would be a vain task to attempt to 
count the stars in one of these globular clusters. 
They are not to be reckoned by hundreds; and on 
a rough calculation, grounded on the apparent in- 
tervals between them at the borders (where the 
are seen not projected on each other) and the an- 
gular diameter of the whole group, it would appear 
that many clusters of this description must con- 
tain at least ten or twenty thousand stars, com- 
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pacted and wedged together in a round space, 
whose angular diameter does not exceed eight or 
ten minutes—that is to say, in an area not. more 
than a tenth part of that covered’ by the moon.” 
The stars composing such clusters appear to form 
a system of a peculiar and definite character. 
* Their round figure clearly indicates the exis- 
tence of some general bend of union inthe nature 
of an attractive force, and in many of them there 
jis an evident acceleration in the rate of condensa- 
tion as we approach the center, which is not re- 
ferable to a merely uniform distribution of equi- 
distant stars through a globular space, but marks 
an intrinsic density in their state of aggregation, 


greater at the center than at the surface of the 


mass.’’ 


Let the reader pause for a:moment on the ob- 


ject now described, and consider the glimpse it 
affords us of the immensity. of the universe, and 
of the innumerable globes of light with which it 
is replenished. A pointin the firmament, scarcely 
perceptible te the unassisted eye, which a common 
telescope shows only as a small dim round speck, 
yet is found by powerful instruments to consist 
entirely of stars to. the number of gen or twenty 
thousand! And at what a distance must such a 
cluster be when its stars appear to be blended and 
projected one upon another. hundreds of them 
appearing only like a lucid point! and yet the 
distance between any two of them is perhaps ten 
thousand times greater than that of Saturn from 
our glebe. From such a region even light itself 
must take many thousands of years ere it can 
reach our world. In this almost invisible point, 
which not. one out of fifty thousand, or even one 
out of a million of earth’s inhabitants#has yet 
perceived, what a scene of grandeur and benefi- 
cence may be displayed; and what a confluence of 
suns, and systems, and worlds and intelligences 
of various orders, may exist, displaying the power 
and wisdom and goodness of the great Father of 
all! Every circumstance connected with such an 
object shows that its distance must be immeasu- 
rably great, and consequently the luminaries of 
which it is composed immense in magnitude. But 
suns of such size and splendor cannot be sup- 
posed to be thrown together at random through 
the regions of infinity, without any ultimate de- 
sign worthy of the Creator, or without relation 
to the enjoyments of intelligent. existence; and 
therefore we may reasonably conclude that ten 
thousand times ten thousands, and myriads of 
myriads of exalted intelligences exist in that far 
distant region, compared with the number of 
which all the inhabitants of our globe are but 
“as the drop of a bucket, or as the small dust of 
the balance.” 

In short, in this dim and almost imperceptible 
speck we have concentrated a confluence of suns 
and worlds, at least ten times surpassing in size 
and splendor the sun, moon, and planets, and all 
the stars visible to the naked eye throughout all 
the spaces of our firmament! What then must 
be the number and magnitude of all the other 
clusters which the telescope has brought to view? 
what the number of those which lie beyond the 
limits of human vision in the unexplorable regions 
of immensity? and what must the universs itself 
be, of which all those numerous starry systems 
are but an inconsiderable part? Here the human 
faculties are completely lost amidst the immensity 
of matter, magnitude, motion, and intelligent 
existence, and we can only exclaim, “Great and 
marvelous are thy works, Lord God Almighty!” 
. Figure 41 represents a view of one of the clus- 
ters alluded to above, as ‘seen in the twenty-feet 
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| reflector at Slog. Sir J. Herschel, who has given 


a delineation of it in his “Treatise on Astro- 
nomy,’’ says, “it represents, somewhat rudely, 
the thirteenth nebula of Messier’s list, described 
by him as nebuleuse sans etoiles.” Its right ascen- 
sion is 16h. 36’; and its north declination, 36° 46’; 
by which its place may easily be found on a 
celestial globe. It is situated on the constella- 
tion Hercules, between the stars » and € These 
stars are of the third magnitude, and lie north 
and south of each other, at the distance of seven 
degrees and a third; they come to the meridian 
about the middle of July, at nine o’clock in the 
evening, but of course may be seen at many other 
periods of the year, particularly in the spring and 
autumn. The star » lies about twenty-two degrees 
nearly due west from the bright star Vega or a 
Lyre. In the map of the stars on Plate II, it is 
marked with the letter a, and the star ¢ below it 
with the letter 6. The cluster is somewhat nearer 
to », or the upper star, than to,the other, It is 
just perceptible to the naked eye, and with a tele- 
scope of small power, such as a common “ night 
and day telescope,” it, appears like a.small. round 
comet. ; 

The following is a list of the places of six of 
the principal clusters of this description, which 
may be considered as specimens of these remark- 
able objects: 

1. Right ascension, 15h. 10’; north declination, 
2° 44’. This cluster lies about eight degrees 
south-west from Unuk, the principal star in the 
Serpent, and comes to the meridian, about the 
middle of June, at nine o’clock in the evening. 

2. Right ascension, 13h. 34’; north declination, 
39° 15’; between the tail of Chara and the thigh 
of Bootes, about twelve degrees north-west of 
Arcturus, nearly on a line between that star. and 
Cor Caroli, but nearer Arcturus. 

3. Right ascension, 13h. 5’; north declination, 
19° 5’; in Coma Berenices, fourteen degrees west 
by south of Arcturus. A line drawn. from Arc- 
turus through » Bootes meets this cluster at somo- 
what more than double.the distance of these two 
stars. . ; 

4.. Right ascension, 17h. 29’; south declination, 
3° 8; between the stars 7 and yu of Sepentarius, 
but nearer to the latter. 

5. Right ascension, 21h..25'; south declination, 
1° 34’; in Aquarius, about 2 degrees north of » in 
the west shoulder, nearly in a line with ¢ Pegasi 
or Eni. 

6. Right ascension, 2th. 22’; north declination, 
11° 26’... This cluster lies north from No. 5, at 
the distance of thirteen degrees, and about three or 
four degrees north-west of the star Enif, or ¢ Pegasi. 

Such are a few specimens of compressed clusters 
of stars.. Sir W. Herschel has given a catalogue 
of more than a hundred of such clusters dispersed 
over different parts of the heavens, many of which 
require powerful telescopes to resolve them into 
stars. ‘These clusters may be considered as so 
many distinct firmaments, distributed throughout 
the spaces of immensity, each of them comprising 
within itself an assemblage of stars far more 
numerous than what appears to the vulgar ‘eye 
throughout the whole face of our nocturnal sky. 
To those intelligences that reside near the center 
of such clusters, the stars connected with their 
own cluster or system will be those which they 
will chiefly behold in their sky; and in those 
clusters which are ofa globular form, the stars 
will appear nearly equally dispersed over the face 
of their firmament. In those starry assemblages 
which show a great compression about the center, 
an immense number’ of stars of the first’ magni- 
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tude will decorate their sky, and render it far 
more resplendent than that with which we are 
surrounded —another instance of that varicty 
which distinguishes all the scenes of creation. 
Scarcely any other star will be visible except those 
which belong to their own system. If the mag- 
nificent system of stars with which our sun is 
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connected be at all visible, it will only appear like 


|a dim and inconsiderable speck in the remote 


regions of immensity, or as a small cluster or 
nebula, such as those we perceive with difficulty 
through our telescopes. Such are the grand, the 
diversified, and’ wonderful plans of the Creator 
throughout his vast and boundless universe. £, mh 
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ON THE DIFF ERENT ORDERS OF THE NEBULA. 


SECTION I. 
GENERAL REMARKS ON THE SUBJECT OF NEBULA. 


Tue farther we proceed in our researches into 
the sidereal heavens, the scene of Creating Power 
and Wisdom becomes more expansive and mag- 
nificent. At every step of our progress the pros- 
pect enlarges far beyond what we had previously 
conceived; the multitude and variety of its objects 
are indefinilely increased; new suns and new fir- 
maments open to view on every hand, overwhelm- 
ing the mind with astonishment and wonder at 
tho immensity of Creation, and leaving it no room 
to doubt that, after all its excursions, it has arrived 
only at “the frontiers of the Great Jehovah’s 
kingdom.’? Wherever we turn our eyes amid 
those higher regions, infinity appears to stretch 
before us on either hand, and countless assem- 
blages of the most resplendent objects are every- 
where found diversifying the tracts of immensity. 
To investigate such objects in relation to their 
number, magnitude, motion, and the ‘laws by 
which they are united and directed in their move- 
ments, completely baffles the mathematician’s 
skill, and sets all his hitherto acquired powers of 
analysis at defiance, and demonstrates that we are 
still in the infancy of knowledge and of being. 
Here, all finite measures fail us in attempting to 
scan such amazing objects, and to penetrate into 
such unfathomable recesses; length, breadth, 
depth, and hight, and time and space, are lost. 
We are justly filled with admiration at the amaz- 
ing grandeur of the Milky Way, where suns and 
worlds are counted by mittrons.. When exploring 
its dimensions and sounding its profundities, we 
seem to have got a view of a universe far more 
expansive than what we had previously conceived 
to be the extent of the whole creation. But what 
shall we say if this vast assemblage of starry sys- 
tems be found to be no more than single nebula, 
of which several thousands, perhaps even richer 
in stars, have already been discovered! and that it 
bears no more proportion to the whole of the sido- 
real heavens around us, than a small dusky speck 
which our telescopes enable us to descry! Yet 
such is the conclusion which we are led to deduce 
from the discoveries which have been lately made 
respecting the different orders of the nebule, of 
bong I shall now proceed to give a brief deserip- 

on. 

The word nebula literally signifies a cloud, or 
mist. This name is now used in astronomy to 
denote certain small spots, resembling whitish 


clouds, which are seen in the starr heavens by’ 


the telescope, and which present different kinds 

of appearances; either that of single stars enve- 

loped in a nebulous vail, or of groups: of small 
Fa 
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stars, or only the appearance of a shining or glit- 
tering cloud: which last are the nebule properly 


‘so called. The following are some general obser- 


vations on the Nebule by Sir William Herschel 
The success which accompanied the observations 
of this eminent astronomer in reference to the 
Milky Way, induced him to turn his telescope to 
the nebulous parts of the heavens, of which an 
accurate list had been published in the Conndis- 
sance des Temps* for 1783 and 1784. Most of 
these yielded to a Newtonian reflector of 20 feet 
focal distance, and 12 inches aperture, which 
plainly discovered them to be composed of stars, 
or at least to contain stars, and to show every 
other indication of their consisting of them en- 
tirely. 

s The nebule,’’ says he, “are arranged into 
strata, afid run on to a great length; and some of 
them I have been: able to pursue, and to guess 
pretty well at their form and direction. It is 
probable enough that they may surround the 
whole starry sphere of the heavens, not unlike the 
Milky Way, which undoubtedly is nothing but a 
stratum of fixed stars. And as this latter im- 
mense starry bed is not of equal breadth or luster 
in every part, nor runs on in one straight direc- 
tion, but is curved and even divided into two 
streams along a very considerable portion of it, 
we may likewise expect the greatest variety in 
the strata of the clusters of stars and nebula. 
One of these nebulous beds is so rich, that in 
passing through a section of it, in the time of 
only thirty-six minutes, I have detected no less 
than thirty-one nebule all distinctly visible upon 
a fine blue sky. Their situation and shape, as 
well as condition, seem to denote the greatest 
variety imaginable. In another stratum, or per~ 
haps a different branch of the former, I have seen 
double and treble nebule variously arranged; 
large ones with small, seeming attendants; nar- 
row but much extended lucid nebule or bright 
dashes; some of the shape of a fan, resembling 
an electric brush issuing from a lucid point; 
others of the cometic shape, with a seeming 
nucleus in the center, or like cloudy stars sur- 
rounded with a nebulous atmosphere. A different 
sort again contain a nebulosity of the milky kind, 
like that swonderful inexplicable phenomenon 
about 6 Orionis; while others shine with a fainter 





* Connoissance des Temps, or as it is sometimes written, 
Connaissance des Tems, literally signifies the hnmoledte of 
time. It isthe title of an Almanac, or astronomical ephe- 
meris, published at Paris, on nearly the same plan as the 
‘* Nautical Almanac,” published at London. The following 
is the title of one published in the year 1825:—‘Connais- 
saince des Tems, ou des Movemens Celestes, a Usage des 
Astronomes et des Navigateurs, pour lan 1898. Publies 
par le Bureau des Longitudes.” It contains 216 pages. 
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mottled kind of light, which denotes their being 
resolvable into stars.” 

“Jn my late observations on nebule,”? says Sir 
William on another occasion, “I have found that 
gagonerally detected them in certain directions 


- Tather than in others; that the spaces preceding 


them were generally quite deprived of their stars, 
80 as often to afford many fields without a single 
star in it; that the nebuie generally appeared 
some time after among stars of a certain consid- 
erable size, and but seldom among very small 
stars; and when I came to one nebule, I generally 
found several more in the neighborhood; that 
afterward a considerable time passed before I 
came to another parcel. . These events being 
often repeated in different altitudes of my instru- 
*ment, and some of them at considerable distances 
from each other, it occurred to me that the inter- 
mediate spaces between the sweeps might also 
contain nebule; and finding this to hold good 
more than once, I ventured to give notice to my 
assistant at the clock that ‘I found myself on 
nebulous ground.’’? From these observations of 
Herschel, it appears that the nebule are not dis- 
persed indiscriminately through the heavens, but 
are found in certain regions and directions rather 
than in others, and that, as formerly stated, they 
probably make the circuit of the heavens, inter- 
secting at a certain angle the Milky Way. 

More than eighty years ago, it was suggested 
by the celebrated mathematician and astronomer, 
M. Lambert, in his “Letters on Cosmogony,” 
that all the stars in the universe are collected into 
systems; that all the systems are in motion; that 
the individual stars or suns of each system move 
round a common center of gravity, which may 
possibly be a large opaque globe; and that all the 
systems of the universe, as one related system, 
revolve around some GRAND CENTER, common to 
the whole. ‘All those systems of worlds,”’ says 
this astronomer, “resemble, though on a small 
seale, the solar system, inasmuch asin each. the 
stars of which it is composed revolve round a 
common center, in the same manner as the planets 
and comets revolve round the sun. It is even 
probable that several individual systems concur in 
forming more general systems, and so on. Such, 
for example, as are comprehended in the Milky 
Way, will make component parts of a more en- 
jarged system; and this way will belong to other 
milky ways, with which it will constitute a whole. 
If these last are invisible to us, it is by reason of 
their immense distance. It would not be at all 
astonishing, if milky ways, situated still farther 
from us in the depth of the heavens, should make 
no impression on the eye whatever.”” Again— 
“The sum of the milky ways, taken together, have 
their common center of revolution; but how far 
soever:we may thus extend the scale we must 
necessarily stop at last; and where? At the 
center of centers, at the center of creation, which 
I should be inclined to term the capital of the 
universe, inasmuch as thence originates motion 
of every kind, and there stands the great wheel 
in which all the rest have their indentation. From 
thence the laws are issued which govern and 
uphold the universe, or, rather, there they resolve 
themselves into one law of all others the most 
simple. But who would be competent to measure 
the space and time which all the globes, all the 
worlds, all the worlds of worlds, employ in re- 
yolving round that immense body—the Throne 
of Nature and the Footstool of the Divinity! 
What painter, what poet, what imagination is 
sufficiently exalted to describe the beauty, the mag- 
nificence, the grandeur of this source of all that 
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is beautiful, great, magnificent, and from which 
order and harmony flow in eternal streams through 
the whole bounds of the universe.”? _ Ag 
The discoveries made by Sir W. Herschel in 
reference to the nebule have in part realized some 
of the views suggested by Lambert in regard to 
the general arrangements of the systems of the 
universe. They afford convincing evidence that 
the stars are not dispersed as it were at random, 
in a kind of magnificent confusion, but are 
distributed systematically, in immense clusters, 
throughout the-regions of boundless space. 
There are various forms and classes of nebule 
which we shall notice in the sequel, but they may 
all be reduced to two great classes,—the 7esoluvable 
and irresolvable; that is, those which may be 


)resolved into clusters of stars by powerful tele- 


scopes, and those which no telescope hitherto 
constructed has yet. been able to resolve into 
starry groups. 
Prior to Sir W. Herschel’s observations on the 
nebule, about a hundred of these objects had 
been descried in different parts of the heavens, of 
which an account had been given by Messier, as 
formerly stated. About 2000 more were after- 
ward discovered by the unwearied exertions of 
our British astronomer, a description of which 
was inserted at different periods in the Philosophi- 
cal Transactions. The places of these were after- 
ward computed from his observations, and arranged 
into a. catalogue, in the order of right ascension, 
by his sister, Miss Caroline Herschel; a lady sin- 
gularly eminent for her astronomical knowledge, 
who assisted him in all his sidereal labors and 
discoveries, and was herself a discoverer of sev- 
eral interesting celestial phenomena, particularly 
comets. Her illustrious nephew, Sir John Her- 
schel, read a paper before the Royal Society in 
November, 1833, in which he gives the places of 
2500 nebule, or clusters of stars, of which 500 
were detected by his own observations, the rest 
having been ‘aceurately determined by his father. 
Beside these, more than 500 nebule have been 
discovered in the southern hemisphere of the 
heavens, of which the Magellanic clouds are the 
most conspicuous and the most remarkable. They 


‘are three in number, two of them being near each 


other; the largest is at a considerable distance 
from the south pole, but the other two are only 
eleyen degrees distant. To the naked eye, they 
appear like portions of the Milky Way. 

These nebule have great variety of forms: 
some are comparatively bright, and others so 
obscure as to render it difficult to detect them in 
the field of the telescope, or to ascertain their 
shape. Some of them appear round, some oval, 
and others of a long elliptic shape; some exhibit 
an annular form, like luminous rings, and others 
like an ellipsis with a dark space in the center; 
but the greater number approximate to a roundish 
form. Of, the 103 nebule inserted in Messier’s 
list, eighteen were known at the time to consist 
of small stars; but Sir W. Herschel . afterward 
found twenty-six more of them to consist purely 
of clusters of stars, eighteen of small stars accom- 
panied with nebulosity, and the remainder not 
resolvable into stars by the highest powers of his 
telescopes. It is evident that these objects, how- 
ever apparently small and obscure, must be bodies 
of immense magnitude, when we take into consid- 
eration the vast distance at which they must be 

laced from our globe. The following are Sir 
W. Herschel’s views on this point: 

‘‘ My opinion of their size is grounded on the 
following observations:—There are many round 
nebuls of about five or six minutes in diameter, 
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th of, which I can see ve 
v1 aparing them with the vi 
from some of my long gauges, pose, by the 
appearances of the small stars in those gauges, 
that the centers of these round nebule may be 


600 ‘times the distance’*of Sirius from us.’? He 







ray calculated 


then goes on to show that the stars insuch nebule | 
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distinctly; and 4 are found by actual observation to be composed of 


| countless numbers of stars, leaving us no room to 
doubt that the most distant are also immense sys- 
tems of stars, how great must be the magnitude, 


and how inexpressible the grandeur, of posed 


| merous luminaries of which they are composé 


I have stated above that more than three tho 


are probably twice as much condensed as those sand nebule have already been discovered, and 
of our system, otherwise the center of it would* whose places:in the heavens have been accurately 


not be less than 6000 times the distance of Sirius, 
and, that it is possibly much underrated by sup- 
posing it only 600 times the distance of that star. 
‘Some of these round nebule have others near 
them, perfectly similar in form, color, and the 
distribution of stars, but of only half the diameter; 
and the stars in them seem to be doubly crowded, 
and only at: about half the distance from each 
other. They are indeed so small as not ‘to be 
visible without the utmost attention. I suppose 
these miniature nebule to be at double the dis- 
tance from the first. An instance equally re- 
markable’ and instructive is a-case where, in the 
neighborhood of two such nebule as have been 
mentioned. I met with a third similar, resolvable, 
but much smaller and fainter nebula. The stars 
of it are no longer to be perceived; but a resem- 
blance of ‘color with the former two, and its 
diminished size and light, may well permit us te 
place it at full twice the distance of the second, 
or about four or five times the distance of the 
first; and yet the nebulosity is not of the milky 
kind, nor is it so much as difficultly resolvable or 
colorless. Now ina few of the extended nebule, 
the jight changes gradually, so as from the re- 
solvable to approach to the milky kind; which 
appears to me an indication that the milky light 
of nebule is owing to their much greater distance. 
A nebula, therefore, whose light is perfectly 
milky cannot well be supposed to be at less than 
six or eight thousand times the distance of Sirius; 
and though the numbers here assumed are not to 
be taken otherwise than as very coarse estimates, 
yet an extended nebula which in an oblique situa- 
tion, where it is possibly foreshortened by one- 
half, two-thirds, or three-fourths. of its length, 
subtends a degree or more in diameter, cannot be 
otherwise than of a wonderful magnitude, and may 
well OUTVIE OUR MILKY WAY IN GRANDEUR.” 

It appears to be a very natural conclusion, that 
the nebule which are perfectly similar in form, 
color, and the distribution of stars, but only half 
the diameter, and the stars doubly crowded, are 
about double the distance from the first. And if the 
distance of the larger nebula, whose stars are dis- 
tinctly seen, be at least 600 times the distance of 
Sirius, as there is every reason to believe, then, the 
distance of those which are only half the diameter 
must be about 1200 times the distance of that star ; 
that is at the very least, 24,000,000,000,000,000, 
or twenty-four thousand billions of miles. But 
the nebule whose light is “perfectly milky,” or 
so far removed from us that the stars of which they 
are composed cannot be separately distinguished, 
may be justly considered as seven thousand times 
the distance of Sirius, or, in numbers, 168,000,- 
000,000,000,000, or one hundred and sixty-eight 
thousand billions of miles !—a distance of which 
we can have no distinct conception. Light, not- 
withstanding its amazing velocity, would be 
nearly thirty thousand years ere it could fly from 
such nebule to the earth, and a cannon ball, 
with its utmost velocity, would require more than 
thirty-eight thousand miilions of years before it 
could meye over an equal space. Since the dis- 


tance of these nebule is so immense, and since 
those which are amongst tne jargest anenrest 


‘determined, so that those who have access to 
| powerful telescopes may have an opportunity of 
| observing the greater part of them. From all the 
| observations made by Sir W. Herschel, he is of opin- 
, ion that our nebula, or the Milky Way, is not the 
| most considerable in the universe ; and he points 
out some very remarkable nebula which in his 
opinion cannot be less, but are probably much 
targer, than that of which our own’sun and sys- 
tem form a part. Now, on these grounds let us 
consider what must be the extent and magnitude 
of only the visible universe. Supposing the num- 
ber of stars composing the Milky way, to be ten 
millions, which is only half the number formerly 
assigned, (p. 59), and that each of the nebule at 
an average contains the same number; supposing 
further, that only two thousand of the three 
thousand nebule are resolvable into clusters of 
‘stars, and that the other thousands are masses of 
a shining fluid not yet condensed into distinct 
luminous globes; the number of stars, or suns, 
comprehended in that portion of the firmament 
which is within the reach of our telescopes would 
be 20,000,000,000, or twenty thousand millions, 
which is twenty millions of times the number of 
all the stars visible to the naked eye. 

Great as the number is, and. magnificent and 
overpowering as the ideas are which it suggests 
of the extent of creation, yet these vast assem- 
|blages of systems may be no more than as a 
single nebula to the whole visible firmament, or 
even as a grain of sand to the whole earth, com- 
pared with what lies beyond the range of human 
vision, and is hid fom mortal eye in the boundless 
and unexplored region of immensity! Beyond 
the boundaries of all that will ever be visible to 
the inhabitants of our globe, an infinite region 
exists, in which we have every reason to believe 
the Deity sits enthroned in all the grandeur of his 
overflowing goodness and omnipotence, presid- 
ing over innumerable systems far surpassing 
in magnificence what ‘‘eye hath yet seen” or 
|the most brilliant intellect can conceive. For 
we ought never for a moment to surmise that the 
operations of Almighty Power are exhausted at 
the point where the efforts of genius and axt can 
no longer afford us assistance in tracing the foot- 
steps of the divinity through the mysterious re- 
gions of infinitude; nor should we ever suppose that 
man, placed on such a diminutive ball as the earth, 
and furnished with powers of so limited a nature 
_as those with which he is now invested, will ever 
be able to grasp the dominions of Him who fills 
immensity with his presence, and “ whose Ways 
are past finding out.” 
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SECTION If, 
ON THE VARIOUS KINDS OF NEBULA, 


I nave already alluded to the different shapes 
or forms of nebule. These objecis, on account of 
their appearing with different degrees of luster, 
and assuming a great variety of shapes and modi- 
fications, have heen arranged into different classes. 

1. The first class is that of clusters of stars, in 





by good telescopes. 






-eular nor elliptical, but of a some- 


VIEWS AND DESCRIPTIONS OF NEBULZ. i 


which the separate stars are clearly distinguished 
This class is again divided 
into globular clusters,or those which appear of .a 
roundish form, and somewhat compressed toward 
the center; and irregular clusters 
those which are neither cir- 


what indefinite or angular form. 
These last are generally less rich 
in stars, and less condensed to- , 
ward the ‘center, and are like-_ 
wise less‘ definite in their out- 
line, so that their termination in 
many cases cannot be distinctly 4) 
perceived. In some of them the - 
stars are nearly all of ibe same 
size,.in others extremely differ- 
ent; and “it is no uncommon 
thing,” says Sir J. Herschel, “to 
finda very red star, much bright- 
er than the rest, occupying a:con- 
spicuous situation in them.” Sir 
W. Herschel regards these as glo- 
bular clusters. in-a less advanced . 
state of condensation, conceiving 
all such groups as approaching, 
by their mutual attraction, to the 
globular figure, and assembling 
themselves together from all the — 
surrounding region, under laws 
of which we have no other proof 
than the observance of a grada- 
tion’ by ‘which their characters 
shadé into one another, so that 43H] 
it is impossible to say where one. fm 
species ends and the. other be-) - 
gins. Fig. 41, formerly -refer- 
red to,represents one of the glo- 
bular clusters in the constella- 
tion Hercules. Fig. 42 isa view 
of a curious but somewhat irre- 
gular group, seen in the southern 
hemisphere, as sketched by Mr. 
Dunlop, at Paramatta, New South 
Wales. It is the 30 Doradus, or 
Xipheas, and is rathera singular | 
object, but evidently a large clus- 45} 
ter of stars, presenting two or 
three very condensed strata, as 
if they were crowded to excess 
by au immense confluence of 
Stars. 









& 


scopes have hitherto been able to resolve into: 
and: which is supposed to be a species of. 
diffused throughout infinite space, in vari 
tions and degrees of condensation wid whieh mic 







2. Another class that is termed resolvable nebulz, | in the course of ages, be condensed into stars or 


or those which lead us to suppose that they consist 
of stars which would be separately distinguishable 
by an increase of light and magnifying power in 
the telescope. These may be considered as clus- 
ters too remote to be distinctly seen, the stars com- 
posing which are either too faint in their light or 
too small in size to make a definite impression 
upon the organs of vision. They are almost uni- 
versally round or oval, which is supposed to be 
owing to their loose appendages and irregularities 
of form being extinguished by their distance, the 
general figure of the central or more condensed 
parts being only discernible. “It is under the 
appearance of objects of this character,” says Sir 
J. Herschel, “that all the greater globular clus- 
ters exhibit themselves in telescopes of insufficient 
optical power to show them well; and the con- 
clusion is obvious that those which the most pow- 
erful can barely render resolvable, would be com- 
pletely resolved by a further increase of instru- 
mental force. 

3. Beside the above, there is an immense va- 
riety of nebulw, properly so called, which no tele- 





starry systems. The following is a description 
of some of the more remarkable varicties of this 
class of nebulee. 

Fig. 43 represents a nebula of an elliptical or 
spindle-like form. It is visible to the naked eye 
in a clear night, when the moon is absent, and hus 
sometimes been mistaken fora small comet. Jt 
appears like a dull, cloudy, undefined spot upon 
the concave of the firmament, and has sometimes 
been compared to the light of a small candle 
shining through horn. Its central parts appear 
brightest, but its light gradually fades toward each 
extremity. A few small stars appear adjacent to 
it, and even within its boundaries, but it appears 
pretty evident that they have no wmmediate con- 
nection with the nebula. Its form, as here delin- 
eated, may be seen with a telescope of moderate 
power, but no telescope hitherto constructed, even 
with the highest powers that could be applied, has 
yet been sufficient to resolve it into stars. In size, 
it is nearly half a degree long, and 12 or 15 min- 
utes broad. Though the figure of this object ap- 
pears oval or elliptical, it is not unlikely that it is 
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in reality nearly of a globular figure, and that its 
oval appearance is owing to its position with re- 
gard to our eye. This nebula is situated in the 
girdle of Andromeda, within a degree or two of 
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the star y of thet constellation. It is about 15° 
nearly west from Almauch, uid 8° north-by-west 
of ‘Movadhe with which stars it forms nearly a 
right-angled triangle. It may be seen ina north- 
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westerly direction in the evenings of the months 
of January, February, and March, at a considera- 
ble elevation. It comes to the meridian about the 
middle of November, at nine o’clock in the even- 
ing. Its right ascension is 0h. 33’; and north de- 
clination, 40° 20’. This nebula may be considered 
as a representative, on a large seale, of a numer- 
ous class of nebule, which increases more or less 
in density toward the central point. The repre- 
sentation of it in the plate is somewhat longer and 
narrower than it appears through a telescope mag- 
nifying 140 times, 

Wig. 44 represents a kind of elliptical nebula, 
with a vacancy of a lenticular form in the center. 
It is pretty evident that such nebule are in reality 
large rings, which appear of an oval or lenticular 
form in consequence of their lying obliquely to 
our line of vision. This is undoubtedly a large 
starry system, comprising perhaps millions of 
stars, at such a distance that their combined light 
appears only like a faint nebula. It probably is 
not much unlike the form of our Milky Way in 
which the sun is situated. Its right ascension is 
2h. 12',and north decl. 41° 35'.. It lies near 7 
Andromeda, or Almaach, about 4° to the eastward 
of that star, nearly in a line between it and Algol, 
in the head of Medusa, and about 19° east from 
the nebula represented in Fig. 43. 

Fig. 45 is a representation of an annular nebula, 
which may be seen with a telescope of moderate 
power. It does not occupy so much space in the 
heavens as the preceding nebulw, but it is well 
defined, and has the appearance of a flat, solid 
ring. It is not perfectly circular, but somewhat 
elliptical, the conjugate axis of the ellipse being 
to the transverse nearly to the proportion of 4 to 
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5. The opening occupies about half its diameter, 


and isnot entirely dark, but filled up with a very 
faint hazy light, uniformly spread over it. Its 
light is not of a pure milky white, but is. some- 
what mottled in its appearance near the exterior 
edge. This curious phenomenon, like the pre- 
ceding, is doubtless an immense stellar system, sit- 
uated at an immeasurable distance in the profun- 
dity of space. It is situated in the constellation 
of Lyra, exactly half way between the stars & 
and +, so that its position may be found by com- 
mon observers without any difficulty. Its right 
ascension is 18h. 47’; and north declination 32° 
49’, The following cut (fig. 46) represents some 
of the principal stars in the constellation of the 
liyre. The largest star near the upper part is 
Vega, a bright star of the first magnitude; the 
next larger star, south-by-east of which is ¢; and 
the other star of the sime magnitude to the south- 
east is; between which is the annular nebula, 
about 714° from Vega. 

Fig. 46 represents an object somewhat similar 
to the above. It is situated between the constel- 
lations Anser and Cygnus, about 914° south from 
the star 7 Cygni, and 17° east from the phenom- 
enon described above. Its right ascension is 20h. 
9'; and north declination, 30° 3’. It comes to the 
meridian, about the 10th of September, at nine 
o’clock in the evening. 

The opposite page contains representations of 
several other kinds of nebule, some of which are 
extremely curious andsingular. Fig. 47 isa very 
singular and wonderful object. It has the shape 
of a dumb-bell or hour-glass of bright matter, 
surrounded by a thin hazy atmosphere; the two 
connected hemispheres, and the space which con- 
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nects them, aie beautiful and pretty brigi:t The 
oval is. completed by a space on each side, which 
is much more dim and hazy than the two hemi- 
spheres. The whole has an oval form, like that 
of an oblate spheroid. The southern hemisphere 
is somewhat denser than the northern, and there 
are one or two stars in it, It appears. evidently 
to be a dense collection of stars, at an immeasu- 


rable distance from the region in which we reside, | 


and leads us to form an idea of the endless diver- 
sities of shape and form among those countless 
assemblages of stars with which the universe is 
replenislied. 
cension, 19h. 52’; north declination, 229:16'; in 
the breast of Anser et Vulpecula, about: midway 
between Alvireo in the Swan, and the principal 


stars of the Dolphin, about three or four degrees), 
north of Sagitta, astar of the fourth magnitude. | 


Fig. 48 is likewise a very remarkable object. 


It consists of a bright round nucleus, or central 


part, surrounded at a great dis- 
tance by a nebulous ring. This 
ring appears split through nearly 
the greater. part of its cireumfe- 
rence,.the two portions of which 
being separated at about an angle 
of 45°. This nebtla lies near the 
remotest: boundaries to which our 
telescopes can carry us. It has 
never been resolved into stars by 
the highest powers that have yet 
been applied; but there is little 
doubt that it is a grand scheme of 47 
sidereal systems, perhaps exceed- 
ing our Milky Way in number ana 
magnificence. It is indeed sup- 
posed to bear a more striking re- 
semblance to the system of stars 
in which the sun is placed. than 
any other object which has yet 
been discovered in the‘heavens, as 
may be perceived by turning to 
figure 39, (p. 62), which repre- 
sents Sir W. Herschel’s scheme fag 
of the Milky Way; and hence Sirgalf 

John Herschel describes it as “a 
brother system, bearing a real 
physical resemblance and strong 
analogy of structure to our own.” 
This object, dim and distant as it 
may appear through our tele- 
scopes, and utterly invisible as it is 
to the unassisted eye, may be con- 
sidered as a kind of universe in it- 
self, ten thousand times more grand 
and extensive than the whole crea- 
tion was supposed to be in whe in- 
fancy of astronomy. Like the 
preceding nebula, it shows us what 
singular varieties of structure are 
to be found in the systems which 
compose the universe, and at the49 
same time it exhibits a certain re- 
semblance to another system of 
which we form a part; and per- 
haps something similar, though 
not precisely of the’ same form 
and arrangement, may be found 
in other parts of the sidereal heavens.. This phe- 
nomenon is situated near the back of Asterion, 
about five degrees south-by-west of Benetnasch, 
the last star in the tail of the Great Bear; between 
which star and the nebula there is a small star of 
the fifth magnitude, nearer to the nebula than to 
Benetnasch. Its right ascension is 13h. 22’; and 
north declination, 46v 14’. 


This nebula is situated in’ right as- | . 
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“Figures 49, 50, 52, 53} 54, 55, 56, 57, and 58, 
‘represent some specimens of nebulous stars, or of 
| nebule connected with very small stars. », 


\ ‘ 





Or 
ou 


50 52 
Figure 49 shows a nebulosity, or something like 
a nebulous stream, extending from one small star 





* It may not be improper here to remark, once for all, that 
the bearings or directions of the stars from one another, 
given here and in other parts of this volume, are strictly ap- 
plicable only when the principat star, trom wnich the bear- 
ings are stated, es on or near the meridian. When in other 
positions, they will appear to a common observer to have 
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to another, ay if there was a cerumunication be- 
tween there. The wext three figures are repre- 
sentations of similar phenomena. In figure 52 
the nebulous .substanee appears much broader 









than in the others, though. this may possibly be 
owing to the nebula in its greatest extent being 
presented to our line of vision. NB 
Figures 54, 55, 56, are very small stars, with faint 
and small nebule attached to them in the shape of 
a puff. Fig. 57 isa small star, with a small, faint, 
fan-shaped nebulosity joined to it, Fig. 58 repre- 
sents two considerable stars involved in a very | 
faint ‘nebulosity of three! or four minutes in ex- 
tent. What this nebulous sibstance in realityis, 
or what’ connection it may have with the stars | 


different bearings; for example, the star Vera or Lyra, in | 
the above figare, when about 50 of 60° above the western hor- | 
izon, will appear at an equal altitude as the star Beta, south- 
west-by-south of it; and when abort 20 or 40° above the 
eastern horizon, the two stars will appear, the one directly 
above or below the other. This difference in the apparent | 
directions of the stars trom each other is most observable in | 
those which are near the pole; for example, the stars of the | 
Great Bear appear in one partof their revolntion west from 

the pole, and in another part of their course east of it, These 

and other circumstances requira to be attended to, in order | 
fo find particular stars by their bearings from one or more | 
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| which appear in its vicinity, it is difficult to con- 


jecture. It isa species of nebule which does not 


appear to be resolvable into stars, and there- 
fore may be regarded as a distinct luminous 
substance diffused throughout dif- 
ferent regions of the universe, 
subserving some important de- 
signs in the physical economy of 
a G0 creation ‘of which we are igno- 
#| rant. Specimens of some of these 
phenomena will be found in the 
following sitnations:—1. Right 
ascension, 20h. 56’; north decli- 
nation, 11924’; a little to the east 
of the cluster of stars ealled’ the 
Dolphin. 2. Right ascension, 8h. 
46’; north dectination,’ 54° .25'; 
about seven degrees north-west 
of the star Theta of the Great 
| Bear. 3. Right ascension, 12h. 
6151’; north declination, 35° 47’; 
about four degrees south of the 
star Cor Caroli, the principal star 
inthe Greyhounds. 4. Right as- 
cension, 6h. 30’; north declina- 
tion, 8° 53’; which is in the head 
of Monoceros; or the Unicorn, 
about eleven degrees east of Bet- 
elguese, in the right-shoulder of 
Orion, and about seven degrees 
due south of Gemini, which is in 
the left foot of one of the twins. 
62. Figures 59 to 65 represent a 
few specimens of objects which 
come under the denomination 
of extensive diffusive nebulosities. 

These phenomena were very little 

noticed. until lately, and can only 

be perceived by telescopes of 

large aperture, which collect a 

great quantity of light. In ad- 

verting to one ef these objects, 

Sir W. Herschel describes it as fol- 

lows:—Eixtreme faint branch- 

ing nebulosity; its whitishness is 
entirely of the milky kind, and it 
is brighter in three or four places 
than the rest; the stars of the 

Milky Way are scattered over it 

in the same manner as over 

the rest of the heavens. . Its ex- 
‘tent in the parallel is nearly 

63 one degree and-a half, and in 
the meridional direction about fifty-two min- 
utes.”” It appears that this diffused nebulosity 
is very extensive; for of fifty-two nobule of 
this description which had never been before 
observed, Herscael found them to occupy no less 
than 152 square degrees. A specimen of an ex- 
tensive diffusive nebula of this description is re- 
presented in fig. 59. 

Sir W. Herschei was presented us with fourteen 
specimens related to this class, of what ne terms 
nebulosities joined to nebule, one of which is re- 
presented in fig. 60, where a bright nebulous 
speck is connected with a faint nebulosity, which 


| seems to proceed from it as from a central point, 


increasing in breadth in proportion to the dis- 
tauce, until it terminates in a kind of irregular 
margin. Fig. 61 represents what is called a milky 
nebula with condensation. It appears to be a round- 
ish nebula,-condensed toward the central parts. 
It is natural to suppose, when we sve a gradual 
increase of light, that there is a condensation of 
we substance which produces ‘it in the space 





principal stars, 


which appears brightest, or at least that the 


ai 


ye 


DIFFUSIVE NEBULOSITIES. 73 


Juminous substance is deeper in the brighter space. 
Some of the nebulosities of this class are not al- 
ways extensively diffused, but are sometimes met 
with in detached collections, near to each other, but 
completely separate, as represented ata, b,c, fig. 62. 

A ditfused nebulosity of this kind may be: seen 
about six or seven degrees due east. from the star 
Zeta Cygni, near the back or tail of Anser. . Its 
right ascension is 20h. 38’, and north declination 
30° 6’. Another, whose right as- 
eension is 20h. 49’, and north de- 
clination 31° 3’, is found about 
three or four degrees north-west 66, 
of Zeta Cygni, and within. two or 
three degrees of the preceding. 

Figures 63, 64, and 65, are re- 
presentations of nebule which are 
brighter in more. than one place, 
which appearance is. supposed to 
be owing to so many predominant 6 
seats of attraction, owing to a su- 
perior preponderance of the neb- 
ulous matter in those places, caus- 
ing a division of it, from which 
will arise three or four, distinct 
nebule. 

Figures 66 to Ty are representa- 
tions of nebule of various des- 
criptions. The three upper fig- 
ures, numbered 66, are nebule 
that are suddenly much brighter in 
the middle. A nucleus to which 
these nebule seem to approach is 
considered as indicating consolida- 
tion; and that, should we have 
reason to conclude that a solid 
body can be formed of condensed 
nebulous matter, the nature of 
which has been chiefly deduced 
from its shining quality, we may 
possibly be able to view it with 69 
respect to some other of its pro- 
perties. The three figures, No. 
67, represent extended nebule and 
round nebula, that show the progress 
of condensation. ‘These nebule ap- 
pear further condensed than the 
preceding, and appear surrounded 
with the rarest nebulous matter, 
which, not having as yet been con- 
solidated with the rest, remains 
expanded about the nucleus in the 
shape of a very extended atmo- 
sphere. The three figures in the 
third row from the top of the plate, 
marked No. 68, and the first figure 
to the left hand of No. 69, repre- 
sent nebule which are almost of a uniform light, 
and nebule that draw progressively toward a 
period of final condensation. ‘Jn the course of 
the gradual condensation of the nebulous matter,” 
says Sir W. Herschel, “it may be expected that a 
time must come when it can no longer be com- 
pressed, and the only cause which we may sup- 
pose to put an end to the compression is, when 
the consolidated mass assumes hardness. From 
the size of the nebulew, as we see them at present, 
we cannot form an idea of the original bulk of 
the nebulous matter they contain; but let us admit, 
for the sake of computation, that the nebulosity 
of a certain nebula, when it was in a state of dif- 
fusion, took up a space of ten minutes in every 
cubical direction of its expansion, then, as we 
now see it collected into a globular compass of 
less than one minute, it must of course be more 


70; 











| state. The proportion of density is more than 


double that of water to air.” 

The small tapyle represented in No. 70 are 
stellar nebule, which approach to the appearance 
of stars, and one or two of doubtful character. 
The four figures marked No. 71, represent sepa- 
rate views of the gradual condensation of the 
nebulous substance. In these we may evidently 
perceive a striking gradation in the light and bril- 









liancy of the central parts. The figure on the left- 
hand side represents an object nearly in its ori- 
ginal state of nebulosity; the next toward the 
right appears considerably condensed toward the 
central parts; the third figure represents a conden- 
sation still greater; and the one on the right-hand 
exhibits a condensation ne complete, or a 


huge luminous body surrounded with a lucid at- 
mosphere. Lach of these is the representative of 


| an extensive class of objects of this description. 


SECTION Iii. 


ON PLANETARY NEBULAE. 


Tuis designation is ‘given to a class of nebule 
which bear a very near resemblance to planetary 
discs when seen through telescopes. But, not- 


than 1900 times denser than it was in its original | withstanding their planetary aspect, some small 
, > 
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remaining haziness, by which they more or 
less surrounded, evinces their nebulous origin. 
They are somewhat extraordinary objects, with 
round or slightly oval discs, in some instances 
quite sharply terminated, in others, a little hazy 
at the borders, and of a light exactly equable, or 
only avery little mottled, which in some of them 
approaches: in vividness to the light of actual 
planets. The following are some of Sir W. Her- 
schel’s remarks on these bodies:—If we should 
suppose them. to be single stars with large diam- 


eters, we shall find it difficult to account for their | 


not being brighter, unless we should admit, that 
the intrinsic light of some stars may be very 
much inferior to that of the generality, which, 
however, can. hardly be imagined to extend. to 
such a degree. We might suppose them to be 
comets about their aphelion, if the brightness as 


well as the magnitude of their diameters did not. 


oppose this idea; so that, after all, we’can hardly 
find any hypethesis so probable as that of their 


being nebulw; but then they must consist of stars | 
that are compressed and accumulated in the high-: 


est degree. Ata subsequent period Sir William 


remarks, “ When we. reflect on the cireumstances | 


connected with these bodies, we may conceive 
that, perhaps, in progress of time these nebule 
which are already in a state of compression may 
be still, farther compressed so as actually to be- 
come stars. It may be supposed that solid bodies 
such, a8 we suppose the stars to be, from the anal- 
ogy of’ their light with that of our sun when 
seen at the distance of the stars, can hardly be 
formed of a condensation of nebulous matter; 
but if the immensity of it required to fill a cu- 


bical space which will measure ten minutes, when |. 


seen at the distance of a star of the eighth or 
ninth magnitude, is well considered, and properly 
compared with, the very small. angle our sun 
would subtend at the same distance, no degree of 


rarity of the nebulous matter to which we have | 


recourse can be any objection to the solidity re- 
quired for the construction of a body of equal 
magnitude with our sun.” =. \ 

The nature of these nebule is involved in con- 
siderable darkness and mystery. -As in the case 
of some of the other species of these phenomena, 
so in this, the mind feels unable to form any def- 
inite or satisfactory conceptions on the subject. 
The following remarks of Sir J. Herschel com- 
prise most of what can be stated, in the’ mean- 
time, on this subject:—“ Whatever: be their na- 
ture, they must be of enormous magnitude. One 
of them is to be found in the parallel of y Aquarii, 
and about five minutes preceding that star. Its 
apparent diameter is about twenty seconds. An- 
other, in the constellation Andromeda, presents a 
visible dise of twelve seconds perfectly defined 
and round. Granting these objects to be equally 
distant from us with the stars, their-real dimen- 
sions must be such as would fill, on the lowest 
computation, the whole orbit of Uranus. It is no 
less evident that, if they be solid bodies of a solar 
nature, the intrimsie splendor of their surfaces 
must be almost infinitely inferior to that of the 
sun’s. A circular portion of the sun’s disc, sub- 
tending an angle of twenty seconds, would give 
alight equal to 100 full moons, while the objects 
in question are hardly, if at all, discernible with 
the naked eye. The uniformity of their dises, 
and their want of apparent central condensation, 
would certainly augur their light to be merely 
superficial, and in the nature of a hollow superfi- 
cial shell; but whether filled with solid or gaseous 
matter, or altogether empty, it would be a waste 
of time to conjecture.” 
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In this description there is nothing which strikes 
the mind with such astonishment as the enormous 
magnitude of these planetary nebule. A globular 
body which would fill the orbit of Uranus would 
contain 24,429,081,600,000,000,000,000,000,000, 
or more than twenty-four thousand .quartillions 
‘of solid miles. The solid contents of the sun is 
about 357,000,000,000,000,000, or three hundred 
and fifty-seven thousand billions of cubical miles. 

Ifthe former number be divided by the latter, 
‘the quotient will be 68,428,800,000, showing that 
the nebula in question would contain within its 
circumference sixty-eight thousand, four hundred 
and twenty eight millions, and eight hundred 
thousand iglobes as large as the sun. A body of 
such bulk is more than thirty-four billions, two 
hundred thousand millions of times larger than 
all the primary planets and their satellites which 
belong to our system. What is the special desti- 
‘nation of such huge masses of matter, or what 
important designs they subserve in the physical 
and moral, arrangements of the Governor of the 
‘universe, it is beyond our power, in the mean- 
time, to form even a probable conjecture. Future 
generations may perhaps be enabled to throw 
some light on this subject, though it is probable 
‘that the nature, properties, an@ ultimate designs 


of many such objects will only be fully disclosed 


throughout the revolutions of that interminable 
duration which succeeds the short span of human 
existence; but of this we may rest assured, that 
they are not useless masses of materials in the 
universe, but are subservient to purposes worthy 
of Him whose wisdom is infinite, and whose 
understanding is unsearchable. 

The four figures toward the right-hand of the 
plate, marked No. 69, represent some specimens 
of planetary nebula. One of those bodies may 


‘be-seen mear the star v Aquarii, as above stated. 


Its right ascension is nearly 20h. 52’, and its south 
declination about 12° 26’. It lies north by west 
of the star Deneb Algedi, at the distance of about 
ten degrees, Other nebule of this description 
may be found near the following stars:—3 p Sa- 


pitta, 14 Andtomeda, 63 6 Crateris, 61 9 Sagitte, 


10 Camelopardus, 36 Urse Majoris, 6 Navis, and 
6 Draconis. About three minutes west from the 
star 16 ¢ Cygni the following phenomenon is 
found:—A bright point a little extended, like two 
points close to each other. It is as bright asa 
star of the eighth or ninth magnitude, surrounded 
by a very bright’ milky nebulosity, suddenly ter- 
minated, having the appearance of a planetary 
‘nebula with a lucid center. The border is not 
well-defined; it is perfectly round, and about one 
minute and thirty seconds in diameter. This is 
a beautiful phenomenon, and of a middle species 
between the planetary nebule and nebulous stars. 

Sir John Herschel, during his late residence at 
the Cape of Good Hope, is said to have discovered 
several new and singular objects in the southern 
hemisphere, some of them bearing a certain rela- 
tion to the objects now described; ‘among others, 
he is said to have detected a beautiful planetary 
nebula, which presents a perfectly sharp, well- 
defined dise of uniform brightness, exhibiting the 
exact appearance of a small planet with a satellite 
near its margin. The regular compactness and 
globular form of such objects seem to indicate 
that they are bodies sui generis, neither collec- 
tions of distinct stars nor exactly of the same 
nature with the other masses of nebulous matter 
dispersed through the heavens. They seem to 





present a view of an immense system already 
completed, but of what nature it would be vain to 
conjecture. Another phenomenon of this kind 
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is stated as being of an extraordinary nature, on 
account of the blue color which its light. exhibits. 
He has likewise discovered a close double star 
involved in the center of a nebulous atmosphere, 
which is considered as a new and singular object. 


SECTION IV. 


ON THE* NEBULA IN ORION. 


One of the largest and most remarkable nebula 
in the heavens is that which is found in the von- 
stellation of Orion. When a common observer 
looks at that constellation, the first object that 
arrests his attention is the three brilliant stars 
equidistant from each other in-a straight line, 
which is called the belt of Orion. Immediately 
below these, hanging down as it were from the 
middle of the belt, three small stars at nearly 
equal distances are perceived, which are termed 
the sword. On directing the naked eye to the 
middle star of the three, the observer perceives 
something that has the appearance of a small star, 
but not well-defined; this is the great nebula of 
Orion; of which, however, he can form ‘no defi- 
nite conception until his eye be assisted by optical 
instruments. With a common one-foot pocket 
achromatic telescope the nebulosity may be plainly 
perceived; but the higher the magnifying power, 
and the larger the aperture of the object-glass, the 
more brilliant and distinct does this phenomenon 
appear, along with a number of small stars con- 
nected with it, which are quite invisible to. the 
unassisted eye. 

The first who discovered this phenomenon was 
the celebrated Huygens, who gave the follow- 
ing description of it in his Systema 
Saturnium : —“ Astronomers place 
three stars close to each other in the 
sword of Orion; and when I viewed 
the middlemost with a telescope in 
the year 1656, there appeared, in the 
place of that one, twelve other stars; 
among these, three that almost touch 
each other, and four more beside ap- 
peared twinkling as through a cloud, 
so that the space about them seemed 
much brighter than the rest of the 
heavens, which appearing: wholly 
blavkish, by reason of the fair wea- 
ther, was seen as through a certain 
opening, through which one had a 
free view into another region which 
was more enlightened. I have fre- 
quently observed the same appear- 
ance in the same place, without any 
alteration; so that it is likely that 
fais wonder, whatever it may be in 
itwlf, has been there from all times; 
butI never took notice of anything 
like it among the rest of the fixed 
stars.” 

Fig.72 exhibits a view of this phe- 
nomeno as seen by Dr. Long in 
1741 wit: a seventeen-feet refracting 
telescope, which appears exactly the 
same shape as originally delineated 
by Huygens, but the apparent mag- 
nitudes of thy stars connected with 
it are MO~ accurately shown than 
in the engravel delineation of Huy- 


ens. Dr. Long vs that the lumi- 
nous space has sol, 


iin nest of 2s chorea 
the figure which P 


vaya. a, formed by the 
seven stars within it, pig 73 repre- 
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sents the same nebula, as seen by Sir W. Her- 
schel in the year 1774 and in 1811. Its shape 
appears considerably different from the delinea- 
tions of Huygens and Dr. Long; but the stars 
within and around it, which are common to both 
delineations, appear nearly in the same relative 
position. Sir John Herschel has given a repre- 
sentation of this nebula, as viewed through the 
twenty-feet reflector at Slough, which appears 
considerably different from the figures to which I 
have referred. I have frequently viewed this phe- 
nomenon with telescopes of different sizes, parti- 
cularly with a six feet and a half achromatic, 
having an aperture of four inches diameter, and 
which showed sidereal objects with great bril- 
liancy and distinctness; but the shape of the object 
appeared more ‘nearly resembling Dr. Long’s re- 
presentation (fig. 72) than any other delineation 
LT have seen. A fourth star was distinctly seen in 
addition to the three represented by Dr. Long 
near the head of the opening, but smaller than 
the other three, and forming with them a small 
irregular square. The three other stars, instead 
of being within the one side of the nebula, as 
represented .in both the figures, appeared quite 
beyond it, but nearly in a line with its margin. 
Whether this was owing to the inaccuracy of the 
delineation or to the actual. change of the nebula 
I do not pretend to determine. The left-hand 


branch of the nebula likewise appeared consider- 
ably longer than here represented; but I cannot 
pretend to say what the appearance may be as 
seen through a twenty-feet reflecting telescope. 
In forming a proper conception of this object, 
it is of some importance to ascertain the exact 
appearance it has presented at different periods, 
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and whether there be reason to conclude that it) 


has been subject to changes. ‘The following is Sir 
J. Herschel’s description of this phenomenon: 

«| know not how to describe it better than by, 
comparing it with a curdling liquid, or a surface 
strewed over with flocks of wool, or to the break- 
ing up of a mackerel sky, when the clouds of 
which it consists begin to assume a cirrous ap- 
pearance. It is not very unlike the mottling of, 
the sun’s disc, only, if 1 may so express myself, 
the grain is much coarser and the intervals darker, 
and the floceuli, instead of being generally round, 
are drawn into little wisps. They present, how- 
ever, an appearance of being composed of stars, 
and their aspect is altogether different from that of 
resolvable nebule. In* the latter we faney by 
glimpses that we see stars, or that could we strain 
our sight a little more we would see them; but 
the former suggests no idea of stars, but rather 
of something quite distinct from them.” 

The following are some of Sir W. Herschel’s 
remarks on this nebula, and on stars with which 
it is connected : 

“In the year 1774, the 4th of March, I observed: 
the nebulous star which is the 43d.of the Con- 
noissance des Temps, and is not many minutes 
north of the great nebule; but at the same time 
I also took notice of two similar, but much 
smaller, nebulous stars, one on each side of the 
large one and at nearly equal distances: from it— 
(See fig. 73, &c.) In 1783, 1 examined the nebu- 
lous star, and found it to be faintly surrounded 
witb a circular glory of whitish nebulosity, faintly 
joining it to the great nebule. About the latter 
end of that year I remarked that it was not equally 
surrounded, but most nebulous toward the south. 
In 1784, I began to entertain an opinion that the 
star was not connected with the nebulosity of the 
great nebule of Orion, but was one of those 
which are scattered over that part of the heavens. 
In 1801, 1806, and 1810, this opinion was fully 
confirmed by the gradual change which happened 
in that great nebula to which the nebulosity sur- 
rounding the: star belongs; for the intensity of 
light about the nebulous star had by this time 
been considerably reduced by the attenuation of 
dissipation of the nebulous matter, and it seemed 
now to be pretty evident that the star is far behind, 
the nebulous matter, and that consequently its 
light in passing through it is scattered and deflec- 
ted so as to produce the appearance of a nebulous 
star.”...,‘ When I viewed this interesting object 
in December, 1810, I directed my attention parti- 
cularly to the two nebulous stars by the sides of 
the large one, and found they were perfectly free 
from every nebulous appearance, which confirmed 
not only my former surmise of the great. attenua- 
tion of the nebulosity, but also proved that their 
former nebulous appearance had been entirely the 
effect of the passage of their feeble light through 
the nebulous matter spread out before them.— 


The 19th of January, 1811, I had another critical | 


examination of the same object,-in a very clear 
view, through the forty-feet telescope; but not- 
withstanding the superior light of this instrument, 
# could not perceive any remains of nebulosity 
sbout the two small sate, which were perfectly 
clear, and in the same situation where about thir- 
ty-seven years before I had seen them involved in 
nebulosity. If, then, the light of these three 
stars is thus proved to haye undergone a visible 
modification in its passage through the nebulous 
matter, it follows that its situation among the 
stars is less distant from us than the largest of the 
three, which 1 suppose to be of the eighth or ninth 
magnitude. The farthest distance, therefore, at 
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‘appears on the whole somewhat uncertain. 
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which we can place the faintest part of the great 
nebula in Orion, to which the nebulosity sur- 
rounding the star belongs, cannot well exceed 
the region of the stars of the seventh or eighth 
magnitude.” 

From these observations it would appear that 
the nebulosities connected with the great nebula 
are subject to certain changes, and that its dis- 
tance from our system is less than that of stars of 
the eighth magnitude, since a portion of the nebu- 
lous matter interposes between our sight and stars 
of this description. But this distance must be 
very great. If stars of the eighth magnitude are 
to be considered at an average as eight times far- 
ther distant than those of the first, then this ne- 
bula cannot be supposed to be less than 320,000,- 
000,000,000, or three hundred and twenty billions 
of miles from the earth. If its diameter at this 
distance subtend an angle of ten minutes, which it 
nearly does, its magnitude must be utterly incon- 
ceivable. It has been calculated that it must 
exceed 2,000,000,000,000,000,000, or two trillions 
of times the dimensions of the swn, vast and in- 
comprehensible as these dimensions are. 

This nebula has never yet been resolved into 
stars by the highest. powers of the telescope that 
have yet been applied; nor is there any reason to 
believe that it consists of a system of stars, as is 
the case with many other nebule which appear 
much smaller, and are evidently more distant. It 
is therefore, in all probability, a mass of self-lu- 
minous matter not yet formed into any system or 
systems, but of what nature it would be vain 
to conjecture. Whether it is more condensed 
than when it was first observed nearly two hun- 
dred years ago, as some haye conjectured, or 
whether any portions of it have shifted their po- 


‘sition, as seems to have been the opinion of Sir 


W. Herschel from the observations above stated, 
On 

this point Sir J. Herschel makes the following re- 
mark:—Several astronomers, on comparing this 
nebula with the figures of it handed down to us 
by its discoverer, Huygens, have concluded that 
its form has undergone a perceptible change; but 
when it is considered how difficult it is to repre- 
sent such an object, duly, and how entirely its 
appearance will differ even in the same telescope, 
according to the clearness of the air, or other 
temporary causes, we shall readily admit that we 
have no evidence of change that can be relied on.’ 
The phenomenon we have now been contem- 
plating is calculated to suggest a train of reflec- 
tions and inquiries.—W hat is the grand design in 
the system of nature of such an immense mass of 
luminosity—a mass of luminous matter to which 
the whole solar system is but only as a point—a 
mass at least twenty-nine millions of times larger 
than a globe which would fill the orbit of Uranus?® 


Is it in a state of perfection completely ansver- 


ing the ultimate end of its creation, and will it 
remain forever in that state? Or, is it mly a 
chaotic mass of materials progressing toward 
some glorious consummation in the futire ages 
of eternity, when worlds and systems will be 
evolved from the changes and revolutions now 
going forward within its boundaries’ Or, may 
we suppose that a luminosity of sr vast extent 
serves the purpose of a thousan¢ suns to ten 


| thousands of opaque globes which re~!Ve within 


its wide circumference? Considey*8 the diversi- 
fied methods of Divine operati¢> 2%d the vast 
variety of modes by which yl § are arranged 
and enlightened, it is not *P0ssible, nor even 
Df ee 
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improbable, that numerous worlds may be in this 
way illuminated with a perpetual and. uninter- 
rupted day. As there appear to be worlds con- 
nected with one sun, with two, with three, and 
even more suns, so there may be thousands of 
worlds cheered and illuminated without sucha 
sun as ours, and with an effulgence of light which 
is common to them all. But on these points we 
shall never be able to arrive at certainty so long 
as we sojourn in this:sublunary sphere. Suffice | 
it to say, that such an enormous mass of lumi- 
nous matter was not created-in vain, but serves 
a purpose in the divine arrangements correspond- 
ing to its magnitude and the nature of its lumi- | 
nosity, and to the wisdom and intelligence of | 
Him whose power brought it into existence. It) 
doubtless subserves some important purposes, 
even at the present moment, to worlds and beings | 
within the range of its influence. Were we! 
placed as near it as one-half the distance of the| 
nearest star, great as that distance is, from such a | 
point it would exhibit an effulgence approxima- 
ting to that of the sun; and to beings at much 
nearer distances it would fill a large portion of the} 
sky, and appear with a splendor inexpressible— 
But the ultimate design of such an object, in all | 
its bearings and relations, may perhaps remain to 
be evolved during the future ages of an ‘intermi- 
nable existence; and, like many other objects in 
the distant spaces of creation, it excites in the | 
mind a longing desire to behold the splendid and 
mysterious scenes of the universe a little more 
unfolded. 





SECTION V. 





ON THE NEBULAR HYPOTHESIS. 


I wave already stated that the nebule may be 
arranged into two classes, the resolvable and trre- 
solvable. When Sir W. Herschel commenced his 
observations on the nebulous part of the heavens, 
and for several years afterward, he was dis- 
posed to consider the nebule in general to be 
no other than clusters of stars disguised by 
their very great distance; but along experience 
and beiter acquaintance with the nature of 
nebule convinced him that such a_ princi-j| 
ple ought not,to be universally admitted, al- 
though a cluster of stars may undoubtedly as- 
sume a nebulous appearance when it is too remote 
for us to discern the stars of which it is composed. 
When he perceived that additional light had no 
effect in resolving certain nebule into stars, he 
was forced to the conclusion, that though milky 
nebula may contain stars, yet there are also nebu- 
losities which are not composed of them, nor im- 
mediately connected with them, 

Flence astronomers have been constrained to 
admit the existence of a certain species of fine 
luminous matter, distinct from stars, or planets, 
or any other materials existing around us, which 
is diffused in immense masses throughout the 
spaces of the universe. The large nebula in 
Orion, described above, is considered as one of 
the most striking evidences that such a substance 
is distributed throughout the sidereal regions; for 
the whole light and power of Herschel’s forty-feet 
telescope, though four feet in aperture, was insuf- 
ficient to resolve it into stars, although from cer- 
tain circumstances it appears to be one of the 
nearest, as it is one of the brightest, of those ne- 
bulous masses. It has therefore become a subject 
of interesting inquiry, “What are those huge 
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masses of unformed matter we call. the nebula? 
and what purposes do they serve in the economy 
of creation?” f 2H 

It is an opinion now very generally entertained, 
that the self-luminous matter to which we refer 
is the chaotic materials out of which new suns or 
worlds may be formed, and that. it is gradually 
concentrating itself by the effect of its own gra- 
vity, and of the circular motions of which it may 
be susceptible, into denser masses, so ag ultimately 
to effect the arrangement and establishment of 
sidereal’systems.  1t is argued that this opinion is 
highly probable, from the consideration that we 
find the nebule in almost every stage of condensa- 
tion. Such nebulse as are represented iu Figures 
99 and 62 are viewed as consisting of nebulous 
metter in its rudest an: most hadlie state; and 
Pigures 63, 64, 65,,and also Figures 66, 67, 68, as 
similar matter in a state of progress toward con- 
densation, The four figures marked 71 are con- 
sidered as specimens of this gradual condensation, 
in which the progress may be traced from the left- 
hand figure to the right. It-bas even been main- 
tained by some late writers ou this subject that 
this, in all probability, is tho mode in which the 
different systems of the universe were gradually 
brought into the state iu which we now behold 
them, and that the sun and planets of the system 
to which we belong derived their origin from a 
similar cause; and it has likewise been attempted 
to connect the geological changes in the structure 
of our globe with the operation. of 2 principle or 
law by which such a thin filmy substance as a 
nebula, was condensed into such a heterogeneous 
mass of solidity as we find in the constitution of 
the terraqueous globe; and it has been insinuated 
that the zodiacal light is a portion of the original 


| nebula of which the sun and'planets were formed, 


and a presumptive evidence that the nebular hy- 
pothesis is trae. According to these theorists, the 
sun is still to be considered as a nebulous star in 
a high state of condensation, and may exhibit 
such an appearance when viewed from a neigh- 
boring system. 

Such conclusions, to say the least, are obviously 
premature. We know too little, in the meantime, 
of the nature of that nebulous matter which is 
dispersed through the heavens, or of the motions 
with which its particles may be indued, to be 
able to determine its susceptibility of being con- 
densed and arranged into suns and planets. We 
have never yet seen the same nebula progressing 
from one stage of condensation to another, from 
# chaotic toa state of organization; nor is it likely 
we ever shall, even supposing the hypothesis to be 
well founded, as an indefinite number of years, or 
even of ages, must be requisite before such a re- 
volution can be accomplished. Yet the observa- 
tions of future astronomers on this department 
of the sidereal heavens may tend to throw some 
additional light on thisumysterious subject. 

It forms no conclusive argument, however, 
against this hypothesis that it is dificult to con- 
ceive how a fluid of a nature so apparently rare 
can ever be condensed to the hardness of a planet 
orasun; for if we suppose a nebulosity in its 
most diffused state to be twenty minutes in diam- 
eter, and to be compressed by central attraction 
and rotary motion until it become only one min- 
ute in diameter, the ratio of its density in the 
latter state, compared with that of the former, 
would be as-eight thousand to one, since spheres 
are to each other as the cubes of their diameters. 
Suppose its density in the first state were equal to 
that of atmospheric air; its density, when com- 
pressed in the’ proportion supposed, would be nine 
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times heavier than water, which is nearly equal 
to the weight of silver, and twice the average den- 
sity of our globe; but if such a process be going 
on in any of these bodies, numerous ages must 
elapse before such a consolidation can be effected, 
for no sensible change appears to have taken place 
during the period in which such bodies have come 
under our observation. 

Nor do we conceive that this hypothesis is in-, 
consistent with what we know of the attributes 
and operations of the Almighty; forall the move- 
ments and changes going on in our terrestrial 
system and throughout the universe are the effects 
of certain laws impressed upon matter by the 
hand of the Creator, by the uniform operation of 
which his wise and beneficent designs are accom- 
plished. If, then, it forms a part of his designs 
that new suns and systems shall be formed to di- 
versify the spaces of immensity, and if he has 
created huge masses of subtile luminous matter, 
and indued them with certain gravitating powers 
and rotary motions for this purpose, his almighty 
agency and infinite wisdom may be as clearly and 
magnificently displayed in this case as if a sys- 
tem of worlds, completely organized, were to start 
into existence ina moment. Perhaps the gradual 
evolution of his designs in such a case might af- 
ford matter cf admiration and enjoyment to certain 
orders of superior beings who are privileged to 
take a near view of such stupendous operations. 
But supposing such physical processes going for- 
ward, we must necessarily admit that a direct in- 
terference of the Deity is necessary before such 
worlds, after being organized, can be replenished 
with inhabitants; for matter and motion, by what- 
ever laws they may be directed, cannot be sup- 
posed to produce the organization of a plant or an 
animal, much less of a rational being, whose in- 
tellectual principle and faculties must be commu- 
nicated by the immediate “inspiration of the 
Almighty.” ‘To. suppose otherwise would be vir- 
tually to adopt a species of atheism. 

All that we require on this point is some more 
direct and decisive proofs of the validity of the 
hypothesis we are now considering; and until 
such proofs be elicited we are not warranted to 
enter into particular speculations, and to speak 
with so much confidence on the subject as certain 
theorists have lately done. Sir John Herschel, 
who has paid more attention to this subject, and 
made more accurate observations on these nebule 
than almost any other individual, is far from be- 
ing confident, and speaks with becoming hesita- 
tion and modesty in relation to this hypothesis. 
“Tf it be true,” says he, “that a phosphorescent 
or self-luminous matter exists, disseminated 
through extensive regions of space in the manner 
of a cloud or fog — now assuming capricious 
shapes like actual clouds drifted by the wind, and 
now Contracting itself like,a cometic atmosphere 
around particular stars—what, we naturally ask, 
is the nature and destination of this nebulous 
matter? Is it ahgprbed by the stars in whose 
neighborhood it is found to furnish, by its conden- 
sation, their supply of light and heat? or is it 
progressively concentrating itself by the effect of 
ils Own gravity into masses, and so laying the 
foundation of new sidereal systems or of insulated 
stars? It is easier to propound such questions than 
to offer any probable reply to them. Meanwhile, 
appeal to fact, by the method of constant and dili- 
gent observation, is open to us; and as the double 
stars have’ yielded to this style of questioning, 
and disclosed a series of relations of the most in- 
telligible and interesting descriptions we may rea- 
sonably hope that the assiduous study of the 
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nebule will ere long lead to some clearer under- 
standing of their intimate nature.” : 

On the whole, the nebulse, whether resolvable 
or irresolvable, open to view an inexhaustible field 
of contemplation and wonder. By far the greater 


part of the nebule are undoubtedly clusters of 


stars, some of them perhaps containing as many 
millions as our Milky Way, and occupying a space 
in the tracts of immensity which imagination can 
never fathom; but a considerable proportion of 
these bodies evidently appear to be masses of self- 
luminous substances, without any indication of 
being formed into organized systems; and how 
enormous must be the extent of most of those 
masses, and how vast the regions of space which 
they fill! If every one of those bodies be only 
one-half the size of the great nebula in Orion, 
what a prodigious mass of matter must they con- 
tain, and what an immense space must hundreds 
and thousands of them occupy! To limited minds 
such as ours, such spaces appear as approximating 
to infinity, and all our previous ideas of the am- 
plitude of planetary systems sink: into something 
approaching to inanity. Whatever purposes these 
immense masses of matter may serve under the 
administration of Infinite Wisdom, certain it is 
they exist notin vain. They accomplish designs 
worthy of the plans of Divine Intelligence, and 
have doubtless a relation, in one respect or another, 
to the enjoyments of intelligent beings; but the 
full development of the plans and agencies of the 
Deity in this, and in many other parts of the econ- 
omy of the universe, must be considered as 
reserved for another and a future scene of ex- 
istence. 


SECTION VI. 


List oF somE OF THE LARGER NEBULE. 


For the sake of those who wish to inspect some 
of the nebulous bodies by means of telescopes, I 
have subjoined the following list from Messier’s 
Catalogue, along with’ the more recent observa- 
tions of Sir W. Herschel. The right ascensions 
and declinations ure given in degrees and minutes, 
by which the places of these bodies may be very 
nearly found on a celestial globe. If it be judged 
expedient to reduce the degrees and minutes of 
right ascension to time, it may be done by the 
following rules:—Divide the number of degrees 
by 15, the quotient is hours; and the remainder 
reduced to minutes and divided by 15, gives the 
minutes, &c. of time: or, multiply the given num- 
ber of degrees and: minutes by 4, and divide the 
degrees in the product by 60, the quotient is 
hours, and the remainder minutes, &c. Thus, 
320° 17’ is equal to 21, hours, 21 minutes, and 8 
seconds of time. 

In the following list, R. A. means right ascen- 
sion; dec., declination; S., south; N., north; diam., 
diameter of the object, which is expressed in min- 
utes of a degree. 


I. R.A. 80° 0’ 33”; dec. N. 21° 45 27”; above 
the Bull’s southern horn west of the star ¢: 
this consists of a whitish light, elongated like 
the flame of a. taper: it exhibited a mottled 
nebulosity to Sir W. Herschel. 

R. A. 320917’; dec. S. 1°47’; diam. 4’; in the 
head of Aquarius, near the 24th star: it ap- 
pears like the nucleus of a comet, surrounded 
with a large round nebula: Sir W. Herschel 
resolved it into stars. 


LIST OF NEBULA. 


R.A. 202° 51’ 19”; dec. N. 29° 39’ 57”; diam. 


3’; between Arcturus and Cor Caroli: it is| 
round, bright in the center, and fades away 


gradually: ‘it exhibited a mottled nebulosity 
to Sir W. Herschel. 

R.A. 2420 16’ 26"; dec. S. 25° 55’ 40"; diam. 
216; near Antares: a mass of stars. 

R.A. 2260 39’; dec. N. 29.57’; diam. 3’; near 
6 Serpent: a round nebula, resolved into stars 
by Sir W. Herschel. 


. R.A. 261° 10° 39"; dec. S. 32° 10’ 34”; diam. 


15‘; between the bow of Sagittarius and the 
tail of Scorpio: a mass of small stars. 


- R.A. 264° 30’ 24”; dec. S. 34° 40° 34”; diam. 


30’: a mass of small stars near the preceding. 


~ R.A. 267° 29" 30"; dec. S. 24° 21'; diam. 30’; 


’ between the bow of Sagittarius and the right 


1). 


ll. 


12. 


13. 


14. 


16. 


ser 
18. 


iS: 


20. 


21. 


foot of Opie an elongated mass of 
stars. Near this masseis the 9th of Sagitta- 
rius, which is encircled with a faint light. 
R.A. 256° 2014’; dec. S. 18° 13’ 26”; diam. 
3’; in the right leg of Ophiuchus: round and 
faint, but resolved by Sir W. Herschel into 
stars. : : 
R.A. 2519 12’ 6”; dec. S. 30° 42’; diam. 4’; in 
the girdle near 30 Ophiuchus: a fine and 
round nebula, resolved into stars by Sir W. 
Herschel. 

R.A. 279° 35’ 43”; dec. S..6° 31’; diam. 4’; 
near K Antinous: a mass of many stars, 
mixed with a faint light. 

R.A. 248° 43’; dec. S. 2° 3014’; diam. 3’; 
between the arm and left side of Ophiuchus: 
round and faint: near it is a star of. the ninth 
magnitude: resolved into stars by Sir W. 
Herschel. i 
R.A. 248° 18’ 48”; dec. N. 36° 54’ 44”; diam. 
6; in the girdle of Hercules, between two 
stars of the eighth magnitude: round, and 
bright in the middle, resolved into stars by 
Sir W. Herschel. 

R.A. 261° 1814’; dec. 8. 3° 5’ 45”; diam. 7’; 
in the drapery over the right arm of Ophiu- 
chus: round and faint: near a star of the 
ninth magnitude: resolved into stars by Sir 
W. Herschel. 

R.A. 319° 40’; dec. N. 10° 40’; diam. 3’; 
between the head of Pegasus and that of the 
Little Horse: round, and bright in the center, 
resolved into stars by Sir W. Herschel. 

R.A. 271° 15’; dec. N. 13° 51’ 44”; diam. 8’; 
near the Serpent’s tail; a mass of small stars, 
mixed with a faint light, resolved by Sir W. 
Herschel. 

R.A. 271° 45’ 48"; dec. S. 16° 14’ 44”; diam. 
5’; north of the bow of Sagittarius: a train 
of faint light, with stars. 

R.A. 271° 34; dec. S. 179 13’; diam. 5’; 
above the preceding: a mass of small stars, 
surrounded with nebulosity. 

R.A. 2529 1’ 45”; dec. 8. 25° 54’ 46”; diam. 
3’; between Scorpio and the right foot of 
Ophiuchus: round, and resolved into stars by 
Sir W. Herschel. 

R.A. 267° 4’ 5”; dec. S. 22° 59’ 10”; between 
the bow of Sagittarius and the right foot of 
Ophiuchus: a mass of stays of the eighth and 
ninth magnitudes, surrounded with nebu- 
losity. 

R.A. 2679 31’ 35”; dec. S. 22° 31’ 25’; diam. 


_ @; near 11 Sagittarius: similar to the pre- 


22: 


23. 


ceding, 

R.A. 275° 28’ 39”; dec. S. 24° 6’ 11”; diam. 
15’; near 25 Sagittarius: round, and resolved 
into stars by Sir W. Herschel. 

R.A. 265° 42" 50”; dec. .S. 18° 45’, 55”; diam. 


24. 


25. 


26. 
Qt. 


28. 


29. 
30. 


31. 


32. 


33. 


34. 


35 


36. 
37. 


38. 
39. 
40. 


41. 
42. 


43. 
44, 
45, 
46. 


47. 
48. 


49. 
. R.A. 1020 5714'; dec. S. 7° 57’ 42”; above 6 


79 


1° 30’; near 65 Ophiuchus: a mass of stars 
very near each other, : 

R.A. 2709 26'; dec. S. 18° 26’; near end of 
the bow of Sagittarius in the Milky Way: 
great nebulosity containing several stars, the 
light is divided into several parts. 

R.A. 2749 25’; dec. S. 19° 5’; diam. 10’; near 
preceding, near21 Sagittarius: a mass of small 
stars. 

R.A. 278° 5! 22’; dec. S. 9° 38’ 14”; diam. 2’; 
near n and o Antinous: a mass of small stars 
R.A. 2979 21’ 41”; dec. N. 229 4'; diam. 4’; 
near 14 of the Fox: oval: it exhibited a mot- 
tled nebulosity to Sir W. Herschel. 

R.A. 272° 294’; dec. S. 24° 57’; diam. 2’; a 
degree from a Sagittarius: round, and re- 
solved into stars by Sir W. Herschel. 

R.A. 303° 5446’; dec. N. 37° 12’; below > 
Cygni: a mass of seven or eight small stars. 
R.A. 321° 46’; dec. S. 24° 19’; diam. 2’; near 
41 Capricorn: round, and resolved into stars 
by Sir. W. Herschel. 

R.A. 7° 2614’; dec. N. 39° 914’; diam. 40’; 
in Andromeda’s girdle: it resembles two 
cones of light joined'at their base, which is 
15’ broad: resolved into stars by Sir W. 
Herschel. 

R.A. 79 2714';, dec. N. 38° 4512’; diam. 2’; 
below the preceding: round, without stars, 
and with a faint light. 

R.A. 29° 9’; dec. N. 299 321¢'; diam. 15’; 
below the head of the North Fish and the 
Great Triangle: its light is uniform: and 
whitish: it exhibited a mottled nebulosity to 
Sir W. Herschel. 

R.A. 36° 5114’; dec. N. 41° 3944’; diam. 15’; 
between Medusa’s head and the left foot of 
Andromeda: a mass of small stars. - 

R.A. 88° 40’; dec. N. 24° 3316’; diam. 20’; 
near “ and w Castor: a mass of small stars 
near Castor’s left foot. 

R.A. 80° 11’ 42”; dec. N. 34° 8’ 6”; diam. 9’; 
near ¢ Bootes: a mass of small stars. 

R.A. 84° 15’; dec. N. 32° 12’; near ‘the pre- 
ceding: a mass of small stars, with’a nebu- 
losity, resolved into stars by Sir. W. Herschel. 
R.A. 78° 10’; dec. N. 36°12’; near ¢ Aurige: 
a square mass of stars. 

R.A. 320° 57’; dec. N. 47° 25’; diam. 15’; 
near the Swan’s tail: a mass of small stars. 
R.A, 182° 4514’; dec. N. 599 24’; diam. 1°; 
at the root of the Great Bear’s tail: two stars, 
very near each other. 

R.A. 98° 58’; dec. S. 20° 33’; below Sirius: 
a mass of small stars. 

R.A. 80° 59’ 40”; dec. S. 5° 34’ 6”; diam. 6, 
between 6 and c in Orion’s sword: ‘a beauti- 
ful nebula containing seven small stars. 
R.A. 81° 3’; dec. S. 5° 26’ 37”; above the 
preceding: a star surrounded with nebulosity. 
R.A. 126° 5014’; dec..8. 20° 3114’; between 
y and J Cancer: a mass of small stars. 

R.A. 53° 27' 4”; dec. N. 23° 22’ 41”; the 
Pleiades: a cluster of stars. 

R.A. 112° 47’ 43”; dec. S. 14° 19’; between 
the Great Dog’s head, and the hind feet of 
the Unicorn: a mass of stars with a little 
nebulosity. 


-R.A. 116° 4’; dee. S. 14° 50’; near the pre 


ceding: a mass of small stars. 

R.A. 120° 36’; dec. S. 19 16’ 42”; near the 
three stars at the root of Unicorn’s tail: a 
mass of small stars. 

R.A. 1849 26’ 58”; dec. N. 9° 16’ 9”; near p 
Virgo. 


52. 


58. 
59. 
60. 
61. 
62: 


63. 
64. 
65. 


66. 


67. 


68 
69. 


70. 


71. 


72, 


SIDEREAL 


Great Dog: a mass of small stars below Uni- 


corn’s right thigh. 


. R.A. 2000 5’ 48”; dec. N. 48° 24’ 24”; below 


» Great Bear, near theear of the Northern 


Greyhound; double: the two atmospheres, | 


whose centers are 4’ 35’ distant, touch one 
another, and are bright in the middle; the 
one is fainter than the other: resolved into 
stars by Sir. W. Herschel. 
R.A. 348° 3914’; dec. N. 69" 22”; below d 
Cassiopeia: a mass of stars mixed with a neb- 
ulosity, according to Sir W. Herschel: this 
cluster appears lilke a solid ball, consisting of 
small stars, quite compressed into one blaze 
of light, with a great number of loose ones 
surrounding it. 


3. R.A. 195° 3044’; dec. N.. 19° 22’ 44”; near 42 


Berenice’s hair: round, and resolved into stars 
by Sir W. Herschel. 


R.A. 280° 13°; dec. 8. 30044; diam. 6’; in 


Sagittarius: faint, and bright in the center. 
R.A. 291° 3014’; dee. S. 319 261g"; in Sagit-- 
tarius; awhite spot, resolved into stars by Sir 
W. Herschel. 


» R.A. 287°; dec. N. 29° 48’; near the Milky 


Way, faint, and resolved into stars by Sir W. 
Herschel.” 


. R.A. 281° 20°; dec. N. 32° 46’? between 4 


and ¢ Lyre: round, and consisting of a mot- 
tled nebulosity. 

RA. 136° 3714’; dec. N. 13° 2' 42”; in Vir- 
go: very faint, without any star. 

R.A. 1879 41’ 38”; dees N. 12° 5214’; near 
the preceding: very faint, without any star. 
R.A. 188° 7; dec. N. 12° 46’; in Virgo: 
brighter than the two preceding. 

R.A. 182° 41’; dec. N. 5° 12’; in Virgo: very 
faint. 

R.A. 2519 4816"; dec. 5.299 4514’; in Scor- 
pio: like a comet, with a brilliant center sur- 
rounded with a faint light; resolved into stars 
by Sir W. Herschel. 

R.A.196° 514"; dec. N. 4301214’; in the Canes 
Venatici: very faint. 

R.A. 1919 27’ 38"; dec. N. 22° 5914’; in 
Berenice’s hair: faint. ¥ 
R.A. 166° 51’; dec. N. 14° 16’; in the Lion: 
faint, but resolved: into stars by Sir. W. 
Herschel. 

R.A. 167° 11’ 39"; dec. N. 14° 12’ 21”; very 


near the preceding: very faint, but resolved | ‘ 


into stars by Sir W. Herschel. 

R.A. 129° 7'; dec. N. 12° 96’ 38"; below 
the northern claw of the Crab: a mass of 
stars with nebulosity, Tt is a cluster pretty 
much compressed, in which Sir W. Herschel 
has observed 200 stars at once with a power 
of 157. (See p. 63.) 

R.A. 186° 5414"; dec. S. 25° 3014’; diam. 2’; 
below the Crow, very faint. 

R.A. 2749 11’ 46"; dec. S. 320 81! 45”; diam. 
2’; below the left arm of Sagittarius: faint, 
like the nucleus of a small comet. 

R.A. 277° 13 dec. S. 33° 31’; diam. 2’; 
near the preceding, near four telescopic 
stars. 

R.A. 295° 59’ 9"; dec. N. 189 13’; diam. 3’ 
30”; between and ¢ of the Arrow: ver 
faint, and resolved into stars by Sir W. Her- 
schel, 

R.A. 310° 20’ 49”; dec. S. 13° 20’ 51”; diam. 
2’; above the tail of Capricorn: faint, but re- 
solved into stars by Sir W. Herschel. 


73. R.A. 3119 43’; dec, 8. 130 98° 40"; near the 


preceding; three or four 


| 1 small stars, contain- 
ing a little nebulosity, 
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74. 


5s 


76. 


77. 


79, 


80. 


81. 


93. 


94, 


96. 
97. 


98. 
oo; 


100. 


R.A. 219 14’; dec. 15° 39’ 35”; near » in the 
string that connects the Fishes: very faint, 
but resolved into stars by Sir W. Herschel. 
R.A. 298° 17’ 24”; dec. S. 22° 32’ 23”; be- 
tween Sagittarius and the head of Capricorn: 
composed of small stars with nebulosity. 
The astronomer Mechain makes it only ne- 
bulous._ ; 

R.A. 22° 10’ 47”; dec. N. 50° 28’ 48”; diam. 
2'; in Andromeda’s right foot: composed of 
small stars with nebulosity, small and faint. 
R.A. 379 5214; dec. 8.57’ 43”; in the Whale: 


a mass of stars containing nebulosity. 


. R.A. 83° 5314; dec, S. 1’ 23”; diam. 3’; in 


Orion: a mass of stars with two bright nuclei, 
surrounded with a nebulosity. ; 
R.A. 78° 49’; dec. S. 24° 43”; below the 
Hare: a fine nebula bright in the center, and 
a litle diffused, wesolved imto-a mottled ne- 
bulosity by Sir W. Herschel. 

R.A. 2419; dec. S. 22° 25; diam. 2’; be- 
tween y and d Scorpio: round, and bright in 
the center, like a comet. 

R.A. 144° 27' 44”; dec. N. 70’ 7’ 24”; near the 
ear of the Great Bear: a little oval, bright in the 
center, and exhibiting a mottled nebulosity 
to Sir W. Herschel. 


» R.A. 1440 29’ 22”; dec. N. 70° 44°27”; near 


the preceding: faint and elongated, with a 
telescopic star at its extremity ; it showed a 
mottled nebulosity to Sir W. Herschel. 


- R.A. 201° 8'; dec. S. 28° 4214’; near fhe 


head of the Centaur: very faint. 


. R.A. 183° 3014’; dec. N. 14° 7’; in Virgo: 


bright in the center, and surrounded with 
nebulosity. 


. R.A. 183° 35’ 21”; dec. N. 19° 2414; above 


and near Spica : very faint. 


. R.A. 1839 46’ 21”; dec. 149.10’; in Virgo: 


the same as No. 84, and near it. 


» R.A. 184° 56’; dec. N. 13° 38’; in Virgo: as 


luminous as the preceding. 
R.A. 185° 16’; dec. N. 15° 38’; in Virgo: 
very faint, and like No. 58. 


. R.A. 186° 9’ 36”; dec. N. 13° 46’ 49”: near 


No. 87: very faint. 
R.A. 186° 27’; dec. N. 14° 93’; in Virgo: 
very faint. 


- R.A. 186° 37’; dee. N.14° 57’; above the pre- 


ceding: *fainter than the preceding. 

R.A. 257° 38’; dec. N. 430 22”; diam. 5’; 
between the knee and left leg of Hercules; a 
beautiful nebula, bright in the center, and 
surrounded with great nebulosity: resolved 
into stars by Sir W. Herschel. 

R.A. 113° 48" 35”; dec. S. 230 19’ 45”. diam. 
8’; between the Great Dog and Ship: a masg 
of small stars. : 

R.A. 190°. 10’ 46”; dec. N. 42° 18’ 45”; 
diam. 214’; above Cor Caroli: bright in the 
center, with a diffused nebulosity. 


o. R.A. 158° 3’ 5”; dec. N. 12° 50’ 21”; in the 


Lion, above 1: very faint. 

R.A. 158° 4614’; dec. N. 120° 58’; near tho 
preceding: fainter than the preceding. 

R.A. 165° 18’ 40”; dec. N. 56° 1314"; diam. 
2’; near ¢ Great bear: very faint: another near 
it, and another near 4. 

R.A. 180° 50’ 49”; dee. N. 16° 8’ 15”; above 
the north wing of Virgo: very faint. 

R.A. 181°.55' 19"; dee. N. 15° 37’ 19”; on 
the north wing of Virgo: brighter than the 
preceding :, between two stars of the seventh 
and eighth magnitude. 

R.A. 182059’ 19”; dec. N. 16° 59’ 21”; in the 
ear of corn of Virgo; brighter than No. 98 


= 


ABERRATION OF LIGHT. 


101. R.A. 208° 59’; dec. N. 55° 24.25”; diam. 
7’; between the left hand of Bootes and the 
‘tail of the Great Bear; very faint: discover- 
ed by Mechain: mottled nebulosity, accord- 
ing to Sir W. Herschel. 


si 


102. Between Omicron in Bootes and Jota of 
the Dragon, very faint: discovered by Me- 
chain. ; 

| 103. Between « and ¢ Cassiopeia: a mass of 
Stars. 


CHAPTER XIIL 


ON THE ABERRATION OF THE STARS, AND ON THEIR PROPER MOTIONS. 


Tue aberration of the fixed starsisasmallchange 
of place in the heavens which they seem to under- 
go, and by which they appear to describe, in the 
course ofa year, an ellipsis or-circle, the great- 
est diameter of which is about forty seconds. 
This remarkable fact was discovered, near the 
middle of the last century, by the celebrated Dr. 
Bradley, formerly Regius Professor of Astronomy 
at Greenwich. 

In Chapter IV, when describing the mode of 
finding the parallaxes of the fixed stars, I have 
given a brief detail of the circumstances which 
led to this discovery, and the observations from 
which the aberration of the stars was deduced. 
Before perusing the following illustrations of 
this subject, it may not be improper for the reader 
to reperuse what was there stated in reference to 
this point, particularly the illustration of this phe- 
nomenon, given in the description of Fig. 7 (p.29, 
30). It is there stated that Dr. Bradley and his 
friend Mr. Molyneux were very much perplexed 
at the result of their observations; since, instead 
of observing a motion indicating an annual paral- 
lax, they found a result directly opposite to what 
they expected. Many theories and conjectures 
were proposed to solve the appearances, but no- 
thing satisfactory was elicited, until one day, when 
Dr. Bradley was enjoying the amusement of sail- 
ing about on the Thames, he observed that every 
time the boat tacked, the direction of the wind, 
estimated by the direction of the vane, seemed to 
change. This immediately suggested to him the 
cause of the phenomenon which had so much 
perplexed him, and he ultimately found it to be 
an optical illusion occasioned by a combination 
of the motion of light with the motion of his te- 
lescope while observing the polar stars—a dis- 
covery of no inconsiderable importance, and which 
will immortalize the name of this sagacious and 
indefatigable astronomer. He perceived that, if 
light is propagated in time, the apparent place of 
a fixed object will not be the same when the eye 
is at rest, as when it is moving in any other di- 
rection than that of the line passing through the 
eye and the object; and that when the eye is 
moving in different directions, the apparent place 
of the object will be different. 

We see an object in consequence of the rays 
of light proceeding from it striking our eyes, and 
we see the place of the object in the direction in 
which they proceed. If light be in motion and the 
eye at rest, the object will appear in its real 
place, provided no refracting medium intervene ; 
but if the eye be in motion, and this motion ina 
different direction from that of the rays of light, 
the object. will not be seen in its true position. 
Let us suppose the earth, in its circuit round the 
sun, just arrived opposite to a fixed star, which 
sends off rays perpendicularly to the direction of 
the earth’s motion. The eye of the spectator 


® 


meets the ray, and, as he perceives not his own 
motion, he supposes the light to be moving in a 
different direction, as when we sail along a wind- 
ing river, certain objects on the banks appear to 
pass usin different directions. The eye misses 
the perpendicular ray, but meets an oblique one, 
and thence receives the impression of the light in 
the direction which results from this compound 
motion—namely, in the diagonal of a parallelo- 
gram, the sides of which represcnt the real motion 
of light. The spectator sees the star in its true 
place only when he is approaching it or receding 
from it in a straight line. When moving in any 
other direction, the star appears a little in ad- 
vance of its true position; and these apparent 
changes in the situation of the heavenly bodies, 
occasioned by the annual motion of the earth, 
are distinguished by the aberration of light. They 
are common, to a certainextent, to all the celestial 
orbs, and are only more perceptible and striking 
in the case of the fixed stars. In consequence of 
this aberration during the revolution of the earth 
round the sun, the stars appear, according as they 
are situated in the plane of the ecliptic, or in its 
poles, or somewhere between them, in the first 
case, to deviate in a straight line to the right or 
left of their true place ; in the second, to describe 
a circle, or something nearly approximating to it ; 
and in the third, an ellipse about that point which 
observation determines to be their real situation. 
This subject requires a little degree of attention 
in order to a clear understanding of it. Perbaps 
the following illustrations may, in some measure, 
render it plain to the general reader. Suppose A 
B, in the following figure, to represent a part of 
the orbit of the earth, and C B a ray of light de- 
scending from a star upon the earth’s orbit A B; 


Fig. 74. 








if the eye be at rest at B, the object w‘ll appear 
in the direction BC; but if the eye be moving 
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from A toward B, and light be propagated with 
a velocity that is to the velocity of the eye (or 
of the earth’s motion) as C B to B A, tiat par- 
ticle of it, by which the object will be discerned 
when the eye comes to B, will be at C when the 
eye is at A; the star, therefore, will appear in 
the direction A C; and as the earth moves 
through the equal parts of its orbit, A H, H I, 
I K, &c., the light coming from the star will 
move through the equal divisions O d, de, ef, f 9; 
g B, and the star will appear successively in the 
‘directions H 1, J 2, K 3, L 4, B 5, which are pa- 
rallel to A C; so that when the eye comes to B, 
the object will be seen in the direction of B 5. 
The following is an explanation of this pheno- 
‘menon as given by Sir John Herschel. Suppose 
a shower of rain to fall perpendicularly in a dead 
calm; a person exposed to the shower who should 
stand quite still and upright would receive the 
drops on his hat, which would thus shelter him; 
but if he ran forward in any direction they would 
strike him in the face. The effect would be the 
same as if he remained still, and a wind should, 
arise of the same velocity and drift them yee 
him. Suppose a ball to fall from a point A (fig. 
75) above a horizontal line B F’, and that at B 
was placed to receive it the open mputh of an 
inclined hollow tube P Q; if the tube were held 
immovable, the ball would strike on its lower 
side; but if the tube were carried forward in the 
direction E F, with a velocity properly adjusted 
at every instant to that of the ball, while pre- 
serving its inclination to the horizon, so that when 
the ball in its natural déscent reached C, the tube 
should have been carried into the position RS, it 
is evident that the ball would, throughout its 
whole descent, be found in the axis of the tube; 
_ and a spectator, referring to the tube the motion 


Fig, 75. 
A 





Ly 





of the ball, and carried along with the former 
unconscious of its motion, would fancy that the 
ball had been moving in the inclined direction R 
S of the tube’s axis. Our eyes and telescopes are 
such tubes. The earth is moving through space 
with a velocity of nineteen miles per second in an 
elliptic path round the sun, and is therefore chang- 
ing the direction of its motion at every instant. 
Light travels with a velocity of 192,000 miles per 
second, which, although much greater than that 
of the earth, is yet not infinitely so. Time is 
occupied by it in traversing any space, and in that 
time the earth describes a space, which is to the 
former as 19 to 192,000, or as the tangent of 
20”.5 to radius. Suppose, now, A P S to repre- 
sent a ray of light from a star at A, and let the 
tube, P Q, be that of a telescope so inclined for- 
ward that the focus formed by its object-glass 
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shall be received upon its cross-wire, it is evident, 
from what has been said, that the inclination of 
the tube must be such as to make PS: SQ: : 
velocity of light : velocity of the earth : : tan- 
gent 2014" : 1; and therefore the angle S P Q, 
or P SR, by which the axis of the telescope 
must deviate from the true direction of the star, 
must be 2014”. 

The aberration of the stars has also been illus- 
trated by the direction in which a gunner points 
his gun at a bird on the wing. Instead of level- 
ing it exactly at the bird, he directs it a little 
before the bird in the path of its flight, and so 
much the more in proportion as the flight of the 
bird is more rapid compared with that of the shot. 
It may likewise be explained by supposing a per- 
son to be walking in a shower of rain with a 
narrow tube in his hand, in which case it is evi- 
dent that the tube must have a certain inclination, 
so that a drop of rain which enters at the top may 
fall freely through it without touching its sides; 
which inclination must be greater or less accord- 
ing to the velocity of the drops with respect to 
the tube. 

From the discovery of the aberration of the 
stars the following conclusions, among others, 
have been deduced,—l. That the small apparent 
motion which the fixed stars have about their real 
places, arises from the proportion which the velo- 
city of the earth’s motion in its orbit bears to that 
of light. This proportion is found to be as 1 to 
10,310; or, in other words, light moves with a 
velocity ten thousand three hundred and ten times 
greater than that of the earth in its annual course 
round the sun.* 2. From this discovery it is 
proved that the velocity of light is uniform and the 
same, whether as emitted originally from the sun 
and stars, or reflected from the planets. The ve- 
locity of the earth in its orbit is about 68,000 
miles an hour; consequently, the motion of light 


‘in the same time is 701,080,000, or a little more 


than seven hundred millions, which gives about 
eight minutes and eight seconds as the time it will 
take in passing from the sun to the earth.t This 
is about the same rate of the motion of light as 
first determined by Roemer from the eclipses of 
Jupiter’s satellites; so that the two discoveries 
mutually harmonize and confirm each other, and 
prove to a demonstration the progressive motion 
of light, and that its rate of motion is the same 
whether as emanating from the sun, reflected 
from the satellites of Jupiter, or descending from 
the stars. 3. The aberration of light affects 
the apparent right ascensions and declinations 
of all the stars. Its effect on each particular 
star is to make it apparently describe a small 
ellipse in the heavens, having for its center 
the point. in which the star would be seen if the 
earth were at rest. Hence, in all very nice caleu- 
lations and determinations of the positions of the 
stars, allowance must be made for the effects pro- 
duced by aberration. 4, The aberration of light 
affords a sensible and direct proof of the motion of 
the earth in its orbit round the sun.. If the earth 





* This is the proportion of radius to the tangent of twenty 
seconds and a half, which is the greatest apparent displace- 
ment of the star caused by aberration, and the radius of the 
circle described by the star round its real place in the course 
of a year. 

+ This is found by multiplying 10,310 =the number of 
times that the velocity of light exceeds that of the earth by 
68,000 = the rate of the earth’s motion in an hour; the pro- 
duct is 701,080,000. This product divided by 60 gives the 
rate of motion in a minute = 11,684,666. Divide 95,000,- 
000, the distance of the sun from the earth, by this last 
eee “ the quotient bin give eight minutes and nearly 
eight seconds as the time light should take in sing 
the sun to the earth. . sali 
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were not in motion, no such effect as that of the 
aberration of the stars could take’ place. If the 
earth were at rest, rays from a star would pass 
along the axis of a telescope directed to it; but 
were it set in motion with its present velocity, 
these rays: would strike against the ‘side of the 
tube, and it would be necessary to incline the 
telescope a little in order to see the star. The 
angle contained between the axis of the telescope 
and a line drawn to the true place of the star is 
just: what we call its aberration, which could not 
take place if the earth were not in motion. That 
the earth is a planetary body moving through the 
depths of space along with the other planets of 
our system can be proved by numerous consider- 
ations; but the fact of the aberration of the stars 
exhibits this motion to our senses as clearly as if 
from a fixed point in the firmament we actually 
beheld it pursuing its course through the ethereal 
regions; so that the planetary nature of our globe, 
and the truth of.the Copernican system, are no 
longer to be considered as mere hypotheses, but as 
facts susceptible of the strictest demonstration. 


ON THE PROPER MOTION OF THE STARS. — 


To the eye of a common observer, all the stars 
and constellations in the heavens appear to pre- 
serve the same relative distances from each other; 
and even astronomers, not more than two centu- 
ries ago, could perceive no separate motions or 
variations in the positions of these distant orbs. 
From this circumstance they were denominated 
fized stars, to distinguish them from the planets, 


which were observed to shift their positions and | 


to move through different parts of the heavens. 
After the telescope was invented and applied 
to astronomical instruments, astronomers began 


to suspect that some of the stars had a slight 


degree of proper motion or change in their rela- 
tive position, but it was a considerable time before 
such motions could be distinctly ascertained. 
These. motions first began to be observed by Dr. 
Halley, and afterward by Lemonnier and Cassini, 
and were completely confirmed by Tobias Mayer, 
who compared the places of eighty stars as deter- 
mined by Roemer with his own observations, and 
found that the greater part of them had a proper 
motion. He likewise suggested. that the change 
of place he had observed among these stars might 
arise from a progressive motion of the sun toward 
one quarter of the heavens. La Lande deduced a 
similar opinion from the rotary motion of the 
sun, by supposing that the same mechanical force 
which gave it a motion round its axis, would also 
displace its center; and give ita motion of trans- 
lation in absolute space. Of the same opinion 
was Sir W. Herschel, and he attempted, by a 
comparison of the proper motions of all the stars 
that had been ascertained, to determine the point 
of the heavens toward which the motion of the 
sun was directed, which he supposed was that 
occupied by the star Zeta Herculis. 

If the sun really have a motion in absolute 
space directed toward any particular quarter of 
the heavens, it is obvious that the stars in that 
quarter must appear to recede from each other, 
while those in the opposite region, which the sun 
is leaving behind, must seem gradually to ap- 
proach, in the same manner as when we walk 
through a forest, the ranges of trees to which we 
advance are constantly widening in their apparent 
distance from each other, while the distance of 
those we leave behind is gradually contracting. 
It does not, however, appear, from the most recent 
observations, that the direction in which the sun 
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83 
or planetary system is moving is yet determined, 
although it is admitted that our system has a mo- 
tion in space, and that the apparent proper mo- 
tions of some of the stars may be the result of our 
being carried in a certain direction through abso- 
lute space by this motion. Such a motion, and 
even the direction of it, might be detected by such 
sidereal observutions as those to which we allude, 
if we knew accurately the apparent proper mo- 
tions of those bodies, and that they were inde- 
pendent of any general motions common to all the 
stars; but in the present stage of sidereal observa- 
tion, it seems to be the general opinion of the 
most eminent astronomers, that no. sufficient data 
are yet afforded for deducing definite conclusions 
on this subject. 

The following table contains a few specimens 
of the annual proper motions of the stars in right 
ascension and declination, in seconds and decimals 
of a second, selected from the observations of Dr. 
Maskelyne.. The first column contains the name 
of the star; the second, its magnitude; the third, 
its annual proper motion in right ascension; and 
the fourth, its motion in declination. 














Names j nual - { Annual Mo- 
[ of the Stars. Magnitude. Wen in at tion in Dec. 
é Seconds. Seconds. 
Capella 1 +0.21 0.44 N. 
Sirius I — 0.42 1.048. 
Castor 1 —0.15 0.448. 
Procyon 1.2 — 0.80 0.958. | 
Pollux 2 — 0.74 0.00 | 
€ Leonis 12 —0.57 |-+0.07S. 
€ Virginis 3 + 0.74 0.248. 
‘Arcturus 1 — 1.26 £ 2S: 
-| Altair 1.2 0.48 |—0.54N. 
a Lyre 1 0:23 | —0.27N. 
Antares 1 0.00 | —0.26N. 





In the above table, the sign +- prefixed to the 
annual variation of right ascension, indicates that 
the variation is to be added to, and the sign — 
that it is to be subtracted from, the right ascen- 
sion, to obtain the true place of the object at any 
given time. 

It is found that not only among single, but 
even among double stars, such motions exist. 
While revolving round each other in the manner 
formerly described, they are at the same time 
carried forward through space with a progressive 
motion common to ‘both, and without sensibly 
altering their distances from each other. One of 
the most remarkable of these is the double star 
61 Cygni, formerly described, whose annual paral- 
lax and distance Professor Bessel appears to have 
lately determined.* The two stars of which itis 
composed are nearly equal in apparent size, 
and they have remained constantly at the same 
distance of 15 seconds for at least fifty-seven 
years past, or since their positions began to be 
accurately observed. The annual proper motion 
of these two stars is found to be, according to 
Bessel, 5’.123; which is the greatest annual proper 
motion of any of the stars.which has yet been 
discovered; consequently, during the period now 
mentioned, they must have shifted their local 
situation in the heavens by a space equal to 4 
minutes, 52 seconds; that is, a space equal to 
more than one-seventh of the apparent diameter 
of the moon. Such a change ‘of place in bodies 
so immensely distant as 62,000,000,000,000 of 
miles indicates a prodigious rapidity of motion. 
«“ The relative motion of these stars and the sun,” 





® See-chap, iv, p. 31, &o. 
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says Bessel, “must be considerably more than 
sixteen* semidiameters of the earth’s orbit;’’ that 
is 1,552, 000,000 of miles. They must therefore 
move at the rate of four millions two hundred 
and fifty-two thousand miles a day, and one hun- 
dred and seventy-seven thousand miles every 
hour; which is 68,000 miles an hour greater than 
the velocity of Mercury, which is the swiftest 
moving body in the planetary system. Here, 
then, we have a system of bodies of immense 
size moving with amazing velocity in different 
directions; for as these stars are doubtless suns, 
and consequently have a system of planets re- 
volving round each, the planets must move round 
the sun to. which they more immediately belong, 
and likewise round the other sun, or their com- 


- mon center of gravity, and at the same time they 
are carried: forward to some distant region with 


the velocity now stated. 

Among single stars, that which. is marked « 
Cassiopeia, one of the smaller stars in that con- 
stellation, is marked as having the greatest proper 
motion of any yet ascertained. ‘The amount of 
its annual motion is estimated at 337 seconds, 
which in the course of a century will amount to 
6 minutes 15 seconds, a space in the heavens equal 
to one-fifth of the apparent diameter of the moon. 
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If this star be reckoned at the same distance from 


: the earth as the double star 61 Cygni, the velocity 


of its motion every day will be 3,112,000 miles; 
every hour, 130,000; and every minute, 2,160. 
The annual proper motion of Arcturus, in decli- 
nation, is 1”.72, which is nearly one-half the mo- 
tion of ~ Cassiopeia; and a great many others are 
found by observation to be constantly progressing 
through the heavens: by annual intervals of dif- 
ferent degrees in extent, but generally smaller 
than those stated above. These changes of posi- 
tion in the stare cannot be perceived by the naked 
eye, and are consequently imperceptible to com- 
mon observers; and even with the most accurate 
astronomical instruments some of them cannot 
be-determined until after a lapse of years. Such 
motions give us reason to conclude that all the 
bodies in the universe are in perpetual motion, 
and many of them acted upon by separate forces, 
which carry them in different directions; and 
although some of these motions appear little more 
than just perceptible at the immense distance at 
which we are placed from them, yet it is probable 
that even the slowest motion of any of the stars 
is not less than at the rate of several thousands 
of miles every hour, indicating the operation of 
forces incomprehensible by the humam mind. 
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ON THE DESTINATION OF THE STARS; OR, THE DESIGNS THEY ARE 
INTENDED TO SUBSERVE IN THE SYSTEM OF THE UNIVERSE. 


* 


For many ages during the infancy of astro-, 


nomy, the stars were considered chiefly as an 
uppendage to the world in which we dwell. ‘The 
erystalline sphere in which they were supposed to 
be fixed was regarded as only the canopy of man’s 
terrestrial habitation, and the orbs with which it 
is diversified as so many brilliant spangles to adorn 
it, and to diffuse a few glimmering rays to cheer 
the darkness of the night. This celestial arch, 
in which the sun and moomare also placed, was 
supposed to revolve around us every twenty-four 
hours, producing an alternate succession of light 
and of darkness, while the earth, as the center of 
the universe, was considered as remaining in a 
state of perpetual quiescence. Above the visible 
heavens, where the stars’ are placed, nothing was 
supposed to exist except the throne of the Al- 
mighty and the abodes of the blessed; and such 
are still the contracted views of the majority of 
the inhabitants of our globe respecting that im- 
mense and glorious firmament with which we are 
surrounded. 

It is true indeed that the stars, in a certain 
subordinate sense, were intended for the benefit 
of man; for we actually derive many advantages 
from their apparent motions and influence. They 
present to our view a scene’ of beauty and mag- 
nificence which enchants the eye and gratifies the 
imagination, and tends to raise the soul above 
groveling pursuits and terrestrial vanities. They 
cheer the shades of midnight and enable us to 
prosecute our journeys after the sun has left our 
hemisphere; without the influence of whose light 
our winter evenings would bo shrouded in impene- 
pi ES 5 >: - aaa aetna on 
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trable darkness, and not an object around us 
could be distinguished. In the ahsence of the 
moon all would be dark, as was chaos before light 
was formed to illuminate creation. Were the 
light of the starry orbs extinguished, instead of 
the grand and beautiful aspect now presented 
from above, the firmament would appear only like 
an immense blank, or a boundless desert, where 
nothing would be seen to stimulate human in- 
quiry, or to display the attributes of the Creator, 
Those orbs are likewise of essential service to 
different departments of human life; they serve 
as guides to the traveler when journeying through 
vast and unfrequented deserts, and to the mariner 
when conducting his vessel from one country to 
another through the wide and pathless ocoan. 
The Pole-star, on account of its apparently fixed 
position, has in every age boen viewed with 
solicitous attention by the navigator; and before 
the invention of the compass it was his principal 
guide to direct his bark to the desired haven. In 
short, by means of the stars we have been ena- 
bled to determine the exact length of the day and 
of the year, the various subdivisions of time; the 
commencement and termination of the seasons, 
the circumference of the globe, the density of its 
materials, and the relative positions of places on 
every part of its surface; all which advantages it 
becomes man duly to appreciate, and with a grate- 
ful heart to adore the wisdom and goodness of 
Him “who made the sun to rule the day, and the 
moon and stars to rule the night,” and who has 
rendered all his arrangements subservient to the 
happiness of his intelligent offspring. 

But although the stars are of essential benefit 
to the inhabitants of our globe, yet we ought not 
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for a moment to imagine that this was the chief 
and ultimate ‘end for which they were brought 
into existence. We know that they are bodies of 
immense size, the least of them many thousands 
of times larger than our globe. But such a num- 
ber of magnificent globes were not necessary, in 
order to shed a few glimmering rays upon the 
earth; since the creation of an additional moon 
would diffuse far more light over our world than 
that which descends to the earth from all the 
visible stars in the firmament. And we know 
that the Creator does nothing in vain. It is the 
characteristic of infinite wisdom to proportionate 
means to the end intended to be accomplished; 
but in this case there would be ‘no proportion 
between the means and the end—between cre- 
ating a thousand globes of light of incalculable 
magnitude, and shedding a few glimmering rays 
to alleviate the darkness of midnight; and there- 
fore this cannot be supposed’ the chief end of 
their creation, without impeaching the wisdom 
and intelligence of Him “who stretched’ out the 
heavens by his understanding.’’ Beside, what- 
ever might be said in reference to the stars visible 
to the unassisted eye, it is impossible fora mo- 
ment to conceive that those thousands, and ten 
thousands, and millions of stars, which are only 
visible through the most powerful telescopes, and 
whose light has never yet reached our globe, 
could have been created merely for the use of 
the inhabitants of this earth. Such a suppo- 
sition must be forever discarded by every one 
who would entertain an honorable and consistent 
idea of the operations cf infinite wisdom. 

What, then, it may be asked, is the chief and 
ultimate destination of those magnificent globes? 
We may answer in general terms, that it is a des- 
tination corresponding to the magnitude and 
grandeur, and the intrinsic splendor of those dis- 
tant bodies. It is the characteristic of every wise 
artist and architect, that he selects the most pro- 
per means to accomplish the end intended, and 
proportionates every part of a machine or edifice 
to all the other parts, so as to produce a harmony 
and unity of design. A philosophical instrument- 
maker, for example, in constructing an orrery 
does not make wheels of a hundred yards in dia- 
meter for carrying balls of less than an inch in 
diameter round a circle of only six fect in circum- 
ference; nor does a watchmaker employ two 
hundred wheels and pinions in the construction 
of a timepiece, when less than a dozen may suf- 
fice; nor does an architect make the portico of an 
edifice five hundred times larger than the whole 
structure. Were any individual to act in this 
manner, he would at once be denounced as utterly 
destitute of wisdom, and viewed as a fool or a 
maniac. Now, we are to consider the Almighty, 
in all his arrangements throughout the universe, 
as acting on the same general principle which 
directs a wise and intelligent artist in all his plans 
and operations; for wisdom is an essential attribute 
of the Divinity, and all his works, when minutely 
inspected, must necessarily display this perfection 
to intelligent minds. ‘To suppose otherwise, to 
imagine for a moment either that he has not pro- 
portioned one part of the universe to another, or 
that the greater part of it was created for no use 
at all, would be the hight of profanity and im- 
piety, and would rob the eternal Majesty of Hea- 
ven of one of the most distinguishing attributes 
of his nature. Bearing this principle in mind, we 
are necessarily led to the conclusion—a conclu- 
sion as certain as any mathematical demonstra- 
tion—namely, that the benefit of the inhabitants 
of our globe was not the chief or ultimate design 


for which the stars were created, but that the 
Deity had a higher and more expansive design to 
accomplish in their formation. We do not pre-~ 
tend to fathom all the subordinate designs the 
Creator may have had in his view in the creation 
of the stars, or of any other object; but as he has 
endowed us with rational faculties for the investi- 
gation of his works, it is evident that he intended 
we should be able to discover some of the main 
and leading designs which he intended to accom- 
plish in the formation of the great bodies of the 
universe. 

We therefore maintain that one of the grand 


and leading designs of the creation of the stars | 
was, that they should serve as suns to give light .- 


to other worlds and systems with which they are 


more immediately connected. This proposition] 


have all along taken for granted in the preceding 
pages, and shall now adduce a few arguments to 
elucidate and support it. 

1. They all shine by their own native light. 
This is the peculiar characteristic of a sun in 
distinction from the planetary globes, which all 
shine with reflected light, derived from the lumi- 
nous center around which they revolve. The 
immense distance at which the nearest stars are 
placed from our globe is a clear proof that they 
shine, not with borrowed, but with inherent 
splendor; for reflected light from such a distance 
would be entirely dissipated ere it could reach our 
eyes. This likewise appears from actual observa- 
tion, and from a comparison of the brilliancy of 
the fixed stars with that of the planets, in which 
there is found a striking difference. Mercury 
and Venus are the two planets which revolve in 
the immediate neighborhood of the sun, and con- 
sequently derive from him a greater portion of 
light than any of the other planets; yet it is found. 
that the luster of the star Sirius, and even that 
of Capella, is much more brilliant than that of 
either Mercury or Venus; and it is demonstrably 
certain that both these stars are situated far 
beyond the orbit of Uranus; and therefore, if they 
derived their light from the-sun, they behooved to 
be incomparably more obscure than any of the 
planets. The luster and brilliancy which the 
fixed stars exhibit when viewed with telescopes 
of large apertures and powers is exceedingly 
striking. Sir W. Herschel seldom looked at the 
larger stars through his forty-feet telescope, be- 
cause their blaze was injurious to his sight. At 
one time, after sweeping a portion of the heavens 
with that instrument, he tells us that “the appear- 
ance of Sirius announced itself at a great distance 
like the dawn of the morning, and came on by 
degrees, increasing in brightness, until this bril- 
liant star at last entered the field of the telescope 
with all the splendor of the rising sun, and forced 
me to take my eye from the beautiful sight.’’ 
These and other circumstances clearly show that 
the stars are indued with native splendor, and are 
not dependent on any other luminaries for the 
brilliancy they display, and consequently are fitted 
to act as suns for the illumination of opaque 
globes with which they are more immediately 
connected. 

2. They are placed at an immense distance from 
our earth and from one another, and consequently 
it is impossible that they could derive their luster 


from our sun; for the sun in his present situation . 


could afford them no more light than a single star ~ 
transmits to our globe; and to-some of the more 
distant stars his rays would be altogether invisi- 
ble. And if the sum cannot be supposed to en- 
lighton any of those orbs, from the distance at 
which he is placed, there is no other body know» 
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to us whence their light may be derived, if they 
do not shine with their own native.splendor. 

3. They are bodies of immense magnitude. We 
have already shown, both from mathematical 
considerations and popular illustrations, that the 
stars are unquestionably at a very great distance 
from our globe, a distance which is almost incom- 
prehensible. (Chap. IV.) Their bulk must there- 
fore be very great. If they were no larger than 
the globe on which we live. they would be alto- 
gether invisible, even although they shine with 
their own native light. Few of them can be con- 
sidered as much less than our sun, and the greater 


' number of them are in all probability much larger; 
} y are therefore fitted by their enormous size, 
‘ ind their consequent attractive power, to be the 


st; 


-centers of systems of planetary worlds, and to 
diffuse around them to an immense distance a 
splendid illumination. But it would be absurd to 
suppose that such a number of vast luminous 
globes, placed at such immense distances from 
each other; and from the earth, could have been 
created solely for the benefit of the inhabitants 
of our world; for it would argue a want of wis- 
dom in not proportioning means to ends; since a 
single star of the one-thousandth part of. its pre- 
sent bulk, placed within a million of miles of the 
earth, would afford us far more light than all the 
stars put together. 

4. Were we removed to the-distance only of the 
nearest stars, our suri would appear no larger 
than one of those twinkling orbs, and from some 
of them he would disappear altogether; at most, 
he would appear only as one of the small stars 
which deck the firmament, and probably one only 
of the fifth or sixth magnitude; consequently ail 
the planets of our system would entirely disap- 
pear. Even Jupiter and Saturn, though each of 
them is a thousand times larger than the earth, 
would be quite invisible, by reason of their com- 
parative smallness and their shining only by 7e- 
Jiected light. The system to which we belong 
cannot therefore be supposed to have any immedi- 
ate connection even with the nearest stars; and 
these stars must be considered as having appropriate 
purposes to fulfill in their own immediate sphere. 

5. The stars, in point of number, size and 
splendor, constitute almost) the whole universe, at 
least, so far as it has been unfolded to our view. 
The bodies which compose the planetary system 
contain a mass of solid matter about 2480 times 
Jarger than that of the earth, and the sun is about 
500 times greater than the whole of them taken 
together. But this system, great as it appears in 


the eyes of mortals, is but as a diminutive ball, | 


or even as a mere point, when compared with the 
myriads of stars which the firmament displays, 
tind which the telescope has brought to view. 
These innumerable globes of light were created 
for use—to subserve important purposes in the 
plan of the Divine administration. They were 
not launched through the spaces of infinity at 
random, merely to display the energies of Omni- 
potence, and to light up the wilds of immen- 
sity with a useless splendor. Such a supposition 
would be derogatory to the attributes and charac- 
ter of the All-wise Creator, and would distort all 
the views we ought to entertain of a Being pos- 
sessed of infinite perfection. Those immense 
bodies must therefore be conceived as intended 
chiefly to diffuse their light and splendor over 


worlds with which they are more immediately. 
connected, and for the ultimate design of com-- 


municating happiness in various forms to the dif- 
ferent orders of beings with which they may be 


replenished. What other subordinate ends they 
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may accomplish in the grand scheme of the uni- 


verse, beside the advantages we derive from them, 


is beyond our province to determine. It is not 


|improBable, however, that every star or system, 


whether single, binary, or ternary, may have a 
subordinate end fo serve to every other system, as 
forming parts of one whole under the government 
of Infinite Wisdom. As we derive advantages from 
these orbs, distant as they are, and as they diver- 


'sify the ceiling of our earthly habitation with a 


splendid decoration, so they will likewise adorn 
the firmament of other systems, and display to 
the view of their inhabitants both the energies of 
Omnipotent Power and the manifold wisdom of 
God. 

6. We have some direct indications that the fixed 
stars are in reality suns.. It forms no argument 
against the idea of the stars being the centers of 
systems, that we have hitherto been unable to 
detect any of their revolving planets; for unless 
such planets be far beyond the magnitude of those 
belonging to our system, and unless their surfaces 
be-fitted to reflect the rays of light with extraor- 
dinary brillianey, we could not expect them to be 
visible’ at the remote distance at which we are 
placed, since the stars themselves appear only as 
shining points. But certain phenomena which 
have been observed, chiefly within the last cen- 
tury, give indication of the solar nature of the 
fixed stars. In the first place, there are phenom- 
ena which indicate that some of them at least, 
like our sun, have a rotation round their axes. 
In: Chapter VII we have given a brief view of 
the phenomena of variable stars. One of these, 
named Algol, is found regularly to pass through a 
change of brightness from the second to the 
fourth magnitude, and again to its original bright- 
ness in two days and about twenty-one hours 
The star ¢ Lyre passes through a periodic varia- 
tion, from the third to the fifth magnitude, in six 
days and nine hours. A star in Hercules varies 
its luster periodically, in the course of sixty days 
and six hours. A star in Sobieski’s shield changes 
from the fifth to the seventh or eighth magnitude, 
and returns to its greatest brightness, in a period 
of sixty-two days. These and many other stars 
give pretty evident indications of a rotation round 
their axes. Their periodic changes are exact and 
regular; and, in order to account for the phenom- 
ena, we have only to suppose that one of their 
hemispheres is either covered with large dark 
spots, or is encompassed with a medium which 
prevents it from emitting so,much light to our 
eyes as the other, and that each hemisphere is 
presented to our view in alternate succession 
Our sun, indeed, would not exhibit any sensible 
variation of luster at the distance of the stars, 
notwithstanding some large spots on his surface; 
but we have no reason to conclude that the stars, 
although they are all luminous bodies, are exactly 
alike in every part of their constitution, since 
variety appears to be a characteristic of all the 
arrangements in the universe. The darker hemi- 
sphere of the stars to which we allude may pro- 
duce a change of illumination, which will form 
an agreeable vicissitude to the inhabitants of the 
worlds which roll. around them,.and which may 
produce an effect somewhat analagous to that 
which is produced by the alternate shining of a 
white and a yellow sun, as in the case of some of 
the double stars (see pp. 52, 53.) 

Again, there are stars whose periods of variable 
luster are much longer than those now stated. 
Some of them pass through their periodic changes 
in 331. days, some in 494 days, and others not 
until after the lapse of eighteen years. Such 
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changes, at least in some instances, may be ac- 
counted for by the intervention of opaque revol- 
ving bodies, or planets of a large size, passing 
directly between our eye and the stars, when re- 
volving through that half of their orbits which 
lies next theearth. It is almost certain that either 
the one or the other of the circumstances now 
mentioned is the cause which produces the phe- 
nomena of variable stars, and in either case a 
strong presumption is afforded of the reality of 
other planetary systems. If rotation be the cause 
of the changes alluded to, the analogy between 
our sun and the stars is almost verified, for the 
most eminent philosophers have always considered 
that the rotation of an orb is necessarily connect- 
ed both with motion in space, and with the exist- 
ence of revolving planets. If such changes arise 
from the interposition of opaque globes, as is 
highly probable in some of the cases we have 
stated, then we have direct evidence that the stars 
are in reality the centers of systems, and that 
their planets are constructed on a scale of magni- 
ficence far surpassing that of our solar system. 
(See Ch. VII, pp. 43, 44.) It is highly probable 
that both the causes to which we have now ad- 
verted operate in producing the phenomena of 
variable stars. Those whose periodic varia- 
tions are the shortest may be produced by ro- 
tation, and those in which years. are requisite 
to accomplish all the changes, may arise from 
the intervention of very large opaque revolving 
bodies. 

it has been surmised by some astronomers that 
certain very small stars which accompany larger 
ones probably shine by reflected light. Sir John 
Herschel, a few years ago, called the attention of 
astronomical observers to this point. The stars 
to which he has requested particular attention are 
such as the following:—:Urse Majoris, 7 Hydre, 
x Geminorum; 2 2 Cancri, « 2 Capricorni, and 
several others. Jota Urse is a star of the third or 
fourth magnitude, in the fore foot of the Great 
Bear: right ascension, 8h.46'54”; north declina- 
tion, 47° 51’ 20”. Gamma Hydre is a star of the 
fourth magnitude, about thirty-five degrees south- 
east from Regulus, and about twenty-nine degrees 
west by south from Spica Virginis: right ascen- 
sion, 11h. 16’ .57”; south declination, 16° 42’. 
Kappa Geminorum is a star of the fourth magni- 
tude, situated about three degrees and a half south 
of Pollux: right ascension, 7h. 33’ 38”; north de- 
elination, 24° 49’. The star 2 2 Capricorni is of 
the third magnitude, about twenty-two degrees 
south by east of Altair, and about two degrees 
and a half north of ¢ Capricorni, &c. It is to 
the very small and point-like stars which accom- 
pany these that the attention is to be directed; 
they are minute points of light which can only 
be perceived by telescopes of considerable power. 
Some of these are suspected as shining with re- 
flected light; and if this point could be ascertained, 
it would form a direct proof of planets circulating 
around stars and enlightened by their beams. 
We have reason to hope, from the increase of as- 
tronomical observers, from. the accuracy with 
which sidereal observations are now conducted, 
and from the improvements of which the telescope 





t 


’ 
ey, 
® 


* 


87 
is still susceptible, that this interesting fact, will, 
ere long, be determined by ocular demonstration; 
and when such a discovery shall have been made, 
the telescope, which has already disclosed so many 
wonders, will then have performed one of its 
most sublime and mighty achievements. 

In the meantime, we have ho reason to enter- 
tain the least doubt that the stars are in reality 
suns and the distributors of light to other worlds 
any more than we ought to doubt of the motion 
of the earth, because we have never, from a fixed 
point in the firmament, beheld it wheeling its 
rapid course through the ethereal spaces around 
the sun. Since the stars cannot, with the least — 
show of reason, be supposed to have been created 
chiefly for the use of our globe, it is as certain — 
as moral demonstration can make it, that they — 
were principally intended to fulfill a higher and a 
nobler purpose, and that this purpose has a res- 
pect to the accommodation and happiness of in- 
telligent existence, either in the stars themselves 
or in worlds which revolve around them; for 
the Creator and Governor of the universe must 
be considered, in all his arrangements, as acting 
in perfect consistency with those perfections of 
his nature with which he is eternally and essen- 
tially invested. But to suppose the innumerable 
host of stars to be only so many vast, insulated 
globes, hung up to irradiate the void spaces of 
infinitude, would be repugnant to all the concep- 
tions which reason and revelation lead us to form 
of a Being of infinite perfection. 

If then, the fixed stars are the centers of light 
and influence to surrounding worlds, how im- 
mense must that empire be over which the moral 
government of the Almighty extends!—how ex- 
pansive the range, and how diversified the order 
of planetary systems!—how numerous beyond 
calculation the worlds which incessantly roll 
throughout the immensity of space! What 
countless Jegions of intellectual beings, of every 
rank and capacity must crowd the boundless 
dominions of the King eternal, immortal, and 
invisible'—and how glorious and incomprehensible 
must he be whose word caused this vast fabric to 
start into existence, and who superintends every 
moment the immensity of beings with which it 
is replenished! In attempting to grasp such 
scenes the human mind is bewildered and over- 
whelmed, and can only exclaim, “GreaT AND 
MARVELOUS ARE THY WorKS, Lorp Gop ALMicuty.” 


* Seest thou these orbs that numerous roll above? 
Those lamps that nightly greet thy visual powers 
Are each a bright capacious ‘sun like ours. 

The telescopic tube will still descry 

Myriads behind that ’scape the naked eye, 

And farther on a new discovery trace 

Through the deep regions of encompassed space, 
If each bright star so many suns are found ~* 
With planetary systems circled round, 

What vast infinitude of worlds may grace, 
What beings people the stupendous space? 
Whatever race possess the ethereal plain, 

What orbs they people, or what ranks maintain? 
Though the deep secret heayen conceals below, 
One truth of universal scope we know; 

Our nobler part, the same ethereal mind, 
Relates our earth to,all their reasoning kind, 
One Deity, one sole creating cause, 

Our active cares and joint devotion draws,” 
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ON UNKNOWN CELESTIAL BODIES+ON METEORIC PHENOMENA—AND ON 
SHOOTING STARS. 


... We are not to imagine that we have yet dis- 
 f covered the greater part of the bodies which exist 
in those spaces whose range lies within the reach 
of our telescopes. All the discoveries which have 
hitherto been made in the heavens have been 
owing to the light emitted by very distant orbs 
having been concentrated on the eye by the mag- 
nifying and space-penetrating power of the tele- 
pe; but it is not improbable that there are 
numerous bodies within the circuit of the visible 
heavens which send forth no rays of light suscep- 
tible of being refracted or reflected to the eye by 
our finest instruments. Some of the largest bodies 
in the universe may either be opaque globes, or 
so slightly illuminated that no traces of their ex- 
istence can ever be perceived from the region we 
now occupy. ‘The greater part, if not the whole, 
of the orbs which have been described in the fir- 
mament, with the exception of the planets and 
comets of our system, are globes which shine 
with their own inherent luster, without which 
their existence would have been to us forever 
unknown. Weare not warranted to call in ques- 
tion the existence of any class of bodies merely 
because our limited organs of perception and our 
situation in the universe prevent us from perceiv- 
ing them. We have never yet beheld the planets 
which doubtless circulate around other suns, al- 
though there can be no question that such bodies 
really exist; and there may be opaque globes of 
a size incomparably larger than either planets or 
suns, which may serve as the centers of certain 
systems, or for some other important purposes 
to us unknown; for all that we have yet explored 
of the distant regions of creation is but the mere 
outskirts of that boundless empire which stretches 
out on every hand toward infinity. It is not un- 
reasonable to believe that the number of magnifi- 
cent bodies imperceptible to our organs of vision 
may far exceed all that. we have hitherto discover- 
ed either by the naked eye or the telescope, even 
within the compass of that region which lies open 
to human inspection. 

It has been remarked by La Place, that ‘a lu- 
minous star of the same density as the earth, and 
whose diameter should be two hundred and fifty 
times larger than. that of the sun, would not, in 
consequence of its attraction, allow any of its 
rays to arriye at us.’ ‘A star which, without 
being of this magnitude, should yet considerably 
surpass the sun, would perceptibly weaken the 
velocity of its light, and thus augment the extent 
of its abberration”’ It is therefore possible that 
the largest luminous bodies in the universe, if their 
internal structure be composed of dense materials, 

» would be invisible to us, in consequence of their 
great attractive power preventing their light from 
reaching the system to which we belong. In 
Chapter XII, 1 have given a brief view of the 
ideas entertained by Lambert respecting the ar- 
rangement of the universe into distinct systems 
of stars which have a more immediate connection 
witn one another in consequence of the law of 


(88 





mutual gravitation, and whose views have been 
partly confirmed by the discoveries of Herschel, 
This illustrious mathematician and astronomer 
endeavors to prove, by an induction of facts and 
reasonings, that, in order to the stability of those 
systems, it is necessary, on the principles of uni- 
versal gravitation, that there be a large central 
body, around which all the individuals which 
compose the system revolve. There is no neces- 
sity that such a central body should possess origi- 
nal or underived light. The fixed stars: do not 
stand in need of it; and as for itself, if it require 
illumination, it will receive it from the suns that 
are more immediately adjacent. As to the mag- 
nitude of such a center, Lambert estimates that 
the central body of the system to which we be- 
long must have a diameter at least equal to the 
whole circumference of the orbit of Saturn. ‘ The 
magnitude of those bodies,” he says, “ought not 
to alarm us, for, in the first place, we have nothing 
to do with their bulk, but with their density or 
quantity of matter by which the law of gravita- 
tion is regulated. We have no idea of the density 
of matter that is not porous; perhaps gold, the 
most dense of terrestrial substances, would be 
found a mere sponge compared with such a cen- 
tral body. Beside, nothing is great or small in im- 
mensitv; and since on the wing of light we ean tra- 
verse the vast regions of the heavens, matter and 
volumes ought no longer to excite ourastonishment. 
Beginning with the satellites, even suns are but 
bodies of the first magnitude; the centers of the 
fixed stars, of the fourth; those of groups of sys- 
tems, of the fifth, and so of the rest.” 

Lambert supposes that since such bodies must 
be of enormous bulk, and illuminated beside by 
one or more fixed stars, it might be possible to 
perceive the one which belongs to our own sys- 
tem, either in whole or in part, with the help of 
the telescope; that its apparent diameter may be 
very considerable; that, however weak its reflect- 
ed light, it may not be enfeebled to such a degree 
as to be rendered imperceptible; that, being en- 
lightened by one or more suns, it ought to present 
phases analogous to those of the moon; that such 
a central body ought to extend its influence even 
to the extremities of its system,.and consequently 
ought to appear under a sensible diameter, or at 
least be visible by the telescope; and that as the 
attractive force of a body decreases as the square 
of the sine of its apparent semidiameter, so this 
apparent semidiameter cannot be invisible in any 
place to which its attractive force and its sphere 
of activity extend. Without sanctioning all the 
opinions which this ingenious mathematician has 
thrown out on this point, we may admit that the 
subject is worthy of special attention, and might 
be kept in view when we are exploring the hea- 
vens with our best telescopes. What if some of 
the planetary nebule be bodies of a nature similar 
to those to which we have now alluded? 

If opaque globes of a predigious size exist 
throughout the regions of the firmament, as there 
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is reason to believe, they would afford us a clue for 
unraveling certain phenomena which have hith- 
erto remained in some degree inexplicable. Stars 
have appeared all at once, and, after having shone 
for a year or more with a brilliant light, have 
gradually disappeared. Certain stars are foundto 
pass through regular variations of luster, and for 
a certain period entirely disappear, but after a 
lapse of a certain number of months or days re- 
appear, and resume their former brightness. On 
the supposition that opaque bodies exist nearly in 
the direction of such stars, some of these pheno- 
mena would admit of an easy explanation. Their 
appearing and disappearing might be nothing 
more than an occultation or an eclipse, caused 
by the interposition of the opaque globe between 
our eye and the star. This would, indeed, sup- 
pose motion to exist either in the opaque body, or 
in the star, or in the eye of the observer; and per- 
haps the annual motion of the earth, or the motion 
of the sun in absolute space, might contribute, in 
a certain degree, to produce the effect. Motion, 
of some kind or other, must necessarily. be sup- 
posed, in order to account for the phenomena of 
variable stars, whatever hypothesis we may adopt 
for their explanation; but as nothing decisive can 
be stated. on this subject, in the meantime I 
shall proceed to the consideration of some me- 
teoric phenomena which are now supposed to 
have a connection with certain moving bodies in 
the heavens. | 23 


METEORIC PHENOMENA AND SHOOTING: STARS. 
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In my volume: entitled “Celestial Scenery,” 
when describing the small planets Vesta, Juno, 
Ceres, and Pallas, I have given a detail of certain 
facts respecting the fall of large. masses of solid 
matter from the higher-regions of the atmosphere, 
usually denominated meteoric stones, which, there 
is every reason to believe, descend from. regions 
at a considerable distance, and even beyond the 
sphere of the moon. Such phenomena seem to 
indicate the probability that certain opaque bodies, 
of different dimensions, are revolving through 
space in certain regions within the limits of our 
system. ‘Nor is this,’ says Mrs. Somerville, 
“an unwarranted presumption; many such do 
come within the sphere of the earth’s attraction, 
are ignited, by the velocity with which they pass 
through the atmosphere, and are precipitated with 
great violence, upon the earth. The fall of mete- 
oric stones is much more frequent than is gener- 
ally believed. Hardly a year passes without some 
instances occurring; and if it be considered that 
only a small part of the earth is inhabited, it may 
be presumed that numbers fall in the ocean, or on 
the uninhabited part of the land, unseen by man. 
They are sometimes of great magnitude; the vol- 
ume of several has exceeded that of a body of 
seventy miles in diameter. One which passed 
within twenty-five miles of us was estimated to 
weigh about 600,000 tons, and to move witha 
velocity of about twenty miles in a second, a frag- 
ment of it alone reached the earth. The obliqui- 
ty «f the descent of meteorites, the peculiar sub- 
stances they are composed of, and the explosion 
accompanying their fall, show that they are for- 
eign to our system.” 

But, without resuming the consideration of this 
particular phenomenon, there is another which of 
late years has excited a considerable degree of at- 
tention, and which may proceed from a cause 
somewhat similar, to which I shall chiefly direct 
the attention of the reader—namely, the pheno- 
non of shooting or falling stars. This phenome- 











| 89 


4 
non, though most frequently observed in tropical 
regions, is common in all parts of the earth, and 
has been seen in almost every season of the year. 
A shooting star seems to burst from a clear sky, 


‘and to dart across the heavens with a long train 


of light, which in a few seconds leaves no trace 
behind. Dr. Burney, of Gosport, for several years 
kept a record of such of these bodies as cae under 
his own observation, and found that in the year 
1819 there were 121, and in 1820 about131; but a 
much greater number than these would doubtless 
be perceived could we detect all that make their 
appearance in the sky, the greater proportion, in 
all probability, being visible only during the hours 
usually allotted to sleep. Various opinions have 
been entertained respecting the cause of these ap- 
pearances. Beccaria was of opinion they were 
occasioned by electricity, and brought forward the 
following facts as corroborative of his hypothesis : 
—About an hour aftersunset, he and some friends 
that were with him observed a falling star direct- 
ing its course directly toward them and apparently 
growing larger and larger, but just before it 
reached them it disappeared. On vanishing, 
their faces, hands, and clothes, with the earth and 
all the neighboring objects, became suddenly illu- 
minated with a diffused and lambent light. Du- 
ring their surprise at this appearance, a servant 
informed them that he had seen a light shine sud- 
denly in the garden, and especially upon the streams 
that he had been throwing to water it; when, 
sending up an electrical kite into the atmosphere, 
he likewise observed a quantity of electric matter 
about the kite, which assumed the appearance of 
a falling star. Whatever be the cause of shoot- 
ing stars, it is pretty evident that they have their 
origin at a very considerable elevation above the 
earth. Brydone informs us that, from the top of 
Mount Etna, he noticed some of these meteors, 
“which still appeared to be as much elevated 
above us as when seen from the plain; so that in 
all probability those bodies move in regions much 
beyond the bounds which some philosophers have 
assigned to our atmosphere.” 

The most striking and remarkable form in 
which shooting stars have appeared is that of 
“meteoric showers,’? when thousands of -those 
bodies have appeared to sweep along at once, and 
in continued succession for several hours, so that 
almost the whole visible canopy of the sky seemed 
to be in a blaze. As this phenomenon ecently 
excited considerable attention among philosophers, 
and as it is now generally considered as connected 
with some moving bodies in the heavens, I shall, 
in the first place, give a detail of some of the 
moré remarkable circumstances with which it has 
been attended, as. described by those who wero 
eye-witnesses of the scene. One of the most re- 
markable displays of the phenornena to which we 
allude is that which was seen on the evening of 
the 12th and the morning of the 13th of Novem- 
ber, 1833, in the United States of America. The 
following account of it is abridged from the New 
York Commercial Advertiser of November 13, 
1833 : 

“The sky was remarkably clear on the night 
of this remarkable phenomenon. Some time be- 
fore twelve o’clock, the meteors so frequently 
seen on summer evenings, called shooting stars, 
were observed to fall with unusual frequency and 
splendor. They continued from that hour to flash 
athwart the skies more and more, until they were 
eclipsed by the glories of the rising sun this morn- 
ing. From four to six they were most. numerous 
and refulgent. Within the scope that the eye 
could contain, more than twenty could be seen at 
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a time shooting (save upward) in every direction. 
Nota cloud obscured the broad expanse, and mil- 
lions of, meteors sped their way across it on every 
point of the compass. Were it. possible to enu- 
merate them in the swiftness of their arrowy haste, 
we might venture to say that for the space of two 
hours, intervening between four and six, more 
than @ thousand per minute might have been 
counted. Their coruscations were bright, gleamy, 
and incessant, and they fell thick as the flakes in 
the early “snows of December. In one instance 
we distinctly heard the explosion of a meteor that 
shot across to the north-west, leaving a broad and 
luminous track; and witnessed: another which left 
apath of light that was clearly discernible for 
more than ten minutes after the ball, if such it be, 
had exploded. Its length was gradually shortened, 
widening in the center, and apparently consisted. 
of separate and distinct globules of light, drawn 
around a common center, glimmering less and 
less vividly until they finally faded in the distance. 
Compared with the splendor of this celestial ex- 
, ion, the most brilliant rockets and fireworks 
of art bore less relation than the twinkling of the 
most tiny star to the broad glare of the sun. The. 
whole heavens seemed in motion, and never be- 
fore has it fallen to our lot to observe a phenome- 
hon so magnificent and sublime.” 
Various similar accounts of the same phenom- 





ena were given in the Philadelphia, Hartford, Bos- | 


ton, and other newspapers of the same date, of 
which the following are extracts: 

‘From a point in the heavens, about fifteen de- 
grees south-easterly from our zenith, the meteors 
darted to the horizon in every point of the com- 
pass. Their paths were described in curve lines 
similar to those of the circles of longitude on an 
artificial globe. They were generally short in 
their course, resembling much an interrupted line, 
thus They ceased to ap- 
pear when within ten degrees of the horizon. I 
did not see a single meteor pass the meteoric pole 
I have described, nor one pass in a horizontal di- 
tection. Several of them afforded as much light 
as faint lightning. One in the north-east was 
heard to explode with a sound like that of the rush 
of the distant sky-rocket. Millions of these me- 
teors must have been darted in this shower. The 
singularity of this meteoric shower consisted in 
the countless number of the celestial rockets, and 
more especially in their constant uniform diverg- 
ence ear the zenith.’? 

The following was an account sent by Profes- 
sor Thomson, of Nashville, to Professor Olmsted, 
of New Haven, of the meteors which appeared 
November 13, 1833, as-seen in the State of Mis- 
sissippi :—‘* About an hour before daylight I was 
called to see the falling meteors ; it was the most 
sublime and brilliant sight I had ever witnessed. 
The largest of the falling bodies appeared about 
the size of Jupiter or Venus when brightest. The 
sky presented the appearance of a shower of stars, 
which many thought were real stars and omens of 
dreadful events. I noticed the appearance of a 
radiating point, which I conceived to be the van- 
ishing point of straight lines as seen in perspective, 
This point appeared to be stationary. ‘he meteors 
fell to the earth at an angle of about seventy-five 
degrees with the horizon, moving from the east 
toward the west.” The following is from a wri- 
ter in the Boston Christian Register :-—* My first 
attention was to determine the center or point from 
which the meteors started, which, from the place 
where I stood: (lat. 420 45/ N.), appeared in the 
Lion’s heart, near Regulus. There is one thing 
that I have not seen noticed by any that have 
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written, and which could not have been: noticed 
by me had I not kept my eye on the center or 
point from whence the meteors all shot forth for 
a considerable time, and that was an appearance 


.of a star less at first than the stars of the constel- 


lation by which it was surrounded, but it would 
increase until it was much larger than the stars, 
then totally disappear from ten to fifteen minutes, 
and then appear again; but the meteors shot forth 
in greater numbers in the interval between the 
appearances above-mentioned.’’* wi 44 
It is worthy of particular notice, that the point 
from which the meteors seemed to emanate was 
observed, by those who fixed its position among 
the stars, to be in the constellation Leo; and, ae- 
cording to their concurrent testimony, this radiant 
point was stationary among the stars during the 
whole period of observation—that is, it did not 
move along with the earth in its diurnal revolu- 
tion eastward, but accompanied the stars in their 
apparent progress westward, which proves the ele- 
vation of the meteors to be far beyond our atmos- 
phere. The following cut represents the appear- 
ance of these meteors for several hours, as seen at 
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Boston, New York, Philadelphia, and other placos 
in the eastern parts of the United States. It is 
copied from one of the American periodicals pub- 
ae hee the time when those phenomena ap- 
peared. 

Meteoric phenomena nearly resembling what 
has been now described, have occurred at several 
former periods. One remarkable instance of what 
was called “showers of fire,’?? occurred over eighty 
years ago in South America. At Quito, so many 
falling stars were seen above the voleano of Ga- 
yambo, that the inhabitants were led to imagine 
the mountain t6 be in flames. The people assem- 
bled in the plain of Exico, and a procession was 
about to set out in consequence from the convent 
of St. Francis, when they discovered: the phenom- 
enon to be occasioned by meteors which ran along 
the skies in all directions. 

A more extensive and remarkable phenomenon 
of this kind occurred in the night of the 12th of 
November, 1779. -Of this appearance, as it was 
seen at Cumana, an’ accurate account has been 
given by M. Humboldt and M. Bonpland. It oc- 
curred toward the morning, when thousands of 
meteors, eolides, fire-balls, or falling stars, as they 
were variously denominated, succeeded each other 
during four hours. Their direction was from 
north to south. They rose in the horizon at east- 
north-east, followed the direction of the meridian, 
and fell toward the south. There was little wind 
and this from the east. No trace of clouds was 
seen. There was not a space in, the ‘firmament 








* This astonishing exhibition covered a very considerable 
part of the earth’s surface. It has been traced from the 
longitude of 61° in the Atlantic Ocean to 100° in Central 


Mexico, and from the North American 1] 
aan, 5 can lakes t@ the West 
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equal in extent to three diameters of the moon 
which was not filled with burning stars. They 
were of different sizes; they left luminous traces 
of from five to tem degrees in length. The ap- 
pearance of these traces continued seven or eight 
seconds. Many of the stars had a distinct nucleus 
as large as the apparent dise of Jupiter. . The 
largest were from 1° to 1913’ in diameter. Their 
light was white, and they seemed to burst as by 
explosion. ‘They were seen by all the inhabitants 
of Cumana, the oldest of whom asserted that the 
great earthquakes of 1766 were preceded by simi- 
lar phenomena. i 

_It is a circumstance worthy of particular no- 
tice, that these meteoric showers have taken place 
chiefly on the 12th and 13th of November, and 
hence they are now distinguished by the name of 
the November Meteors, Captain Hammond gives 
the following account of shooting stars seen at 
Mocha, on the Red Sea, November 13th, 1832, the 
day and month on which they have most general- 
ly been seen :—* From one o’clock, A. M., until 
after daylight, there was a very unusual phenom- 
enon in the heavens. It appeared like meteors 
bursting in every direction. The sky at the time 
was clear, the stars and moon bright, with streaks 
of light and thin white clouds interspersed in the 
‘sky. On landing in the morning, I inquired of 
the Arabs if they had noticed the above. They 
said they had been observing it most of the night. 
J asked them if ever the like had appeared before? 
The oldest of them replied that it had not.’ 

On the morning of the 12th of November, 1799, 
a remarkable phenomeron of this kind was seen 
by Mr. Ellicot, near Cape Florida, which he thus 
describes :—“‘ The phenomenon was grand and 
awful ; the whole heavens appeared as if illumi- 
nated with sky-rockets, which disappeared only 
with the light of the sun after daybreak. The 
meteors, which at any one instant of time appeared 
as numerous as the stars, flew in all possible direc- 
tions, except from the earth, toward which they all 
inclined more or less, and some of them descended 
perpendicularly over the vessel we were in, so 
that we were in constant dread of their falling on 
us.’”’ The same appearances were observed on 
the same night at Santa Fé, Cumana, Quito, and 
Peru, in South America, as far north as Labrador 
and Greenland, and.as far east as Weimar in 
Germany; thus having been visible over an ex- 
tent on the globe of 64° in latitude, and 94° of 
longitude. Meteoric showers were also seen on 
the morning of the 13th of November, 1831, in 
the Ohio country, and along the coast of Spain. 

Flights of shooting stars, more or less numerous, 
have been seen in different places, both in Europe 
and America, at the same period—namely, the 
13th of November, in the years 1834, 1835, 1836, 
and 1837, so that they are now considered as a 
regular periodical phenomenon. In a letter I re- 
ceived, in 1837, from Elijah H. Burritt, Esq, 
A.M., a scientific gentleman in the state of Con- 
necticut, and a correspondent of Professor Olm- 
sted, he has the following notice on the subject; 
“ With respect to the shooting stars, I believe, 
Professor Olmsted is now very strong in the be- 
lief that they are exactly periodical and annual. 
The recurrence of this singular phenomenon on 
the morning of the 13th of November, 1836, and 
very nearly at the, same hour,—the radiation of 
the meteors from the same point of the heavens, 
differing only one half a degree (as did those of 
1834), namely 145° right ascension in the face 
of Leo, and all the attending phenomena being 
the same, though upon a scale less magnificent,— 
settle the question as to its being a regular and 
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annual Rigpestinen According to his notion, 
the zodiacal light is an».attribute of the same 
cause, or an emanation from the same radiant. 
my friend Dr. Olmsted-was fortu- 
nate enough to see just so much of the zodiacal 
light last Mayas to enable him: to identify it 
with the phenomena of November, 183d, extcops 
that it was in the other node.” af ae 

One. of the most remarkable girearailtis 
attending this display, in 1833, was, that the me- 
teors all seemed to emanate from one and the 
same point, a little south-east of the zenith, Fol- 
lowing the arch of the sky, they ran along with 
immense velocity, describing in some instances 
an are of 30° or 40° in a few seconds. 
attentive inspection, it was seen. that the meteors 
exhibited three distinct varieties; the first consist- 
ing of phosphoric lines, apparently described by a 
point; the second, of large fire-balls that at inter- 
vals darted along the sky, leaving luminous trains 
which occasionally remained in view, for a num- 
ber of minutes, and in some cases for half an 
hour or more; the third, of undefined luminous 
bodies, which remained nearly stationary ‘in the 
heavens for a considerable time. Those of the 
first variety were the most numerous, and re- 
sembled a shower of fiery snow driven with in- 
conceivable velocity. The second kind appeared 
more like falling, stars,—a spectacle which was 
contemplated by certain -beholders with great 
amazement and terror. They were sometimes of 
enormous size. One of them seen in North Ca- 
rolina appeared larger than the full moon rising, 
and its light rendered even small objects visible. 
The same ball, or a similar one, seen at New Ha- 
ven, passed off in a north-west direction and ex- 
ploded a little northward of the star Capella, leav- 
ing a-train of peculiar beauty. The line of di- 
rection was at first nearly straight, but it soon 
began to contract in length, to dilate in breadth, 
and to assume the figure of a serpent scrolling 
itself up until it appeared like a luminous cloud 
of vapor floating gracefully in the air, where it 
remained in full view for several minutes. Of 
the third variety, the following are examples:— 
At Poland, State of Ohio, a luminous body was 
distinctly visible in the north-east for more than 
an hour. It was very brilliant, in the form of a 
pruning hook, and apparently twenty feet long 
and eighteen inches broad. It gradually settled 
toward the horizon until it disappeared. . At Ni- 
agara Falls, a large luminous body, shaped ik a 
square table, was seen near the zenith, emaining 
for some time almost stationary, emitting large 
streams of light. 

The recurrence of this wonderful phenomenon 
at the same season of the year soon attracted the 
attention of the philosophers of Europe, and they 
resolved to watch more particularly the aspect of 
the nocturnal heavens in the month of November. 
The celebrated M.Arago made arrangements to 
procure simultaneous observations from the dif- 
ferent parts of France, for the night between the 
12th and 13th of November, 1836. The follow- 
ing is the substance of the report’ which was 
published of these observations. The places at 
which observations were made, and the number 
of meteors counted, were as follows: 


Paris, at the observatory ....++..0+. Heth tes 70 
Dieppe, 100 miles north-west. of Paris ...... 36 
Arras, 100 miles north of Paris ............ 27 
Strasburg, 250 miles east of Paris ....... ¢. «85 


Von Altemare. 260 miles south-east of Paris.. 75 
Angou, 180 miles south-west of Paris ...... 49 
Rochefort, 260 miles south-south-west of Paris 23 
Havre, 120 miles west of Paris . 
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Beside thege positive observations, information 
was received of similar phenomena having been 
observed at other places. In the neighborhood 
of Tours, for example, the peasants declared they 
had seen a rain of fire during the night ; and in 
the valley of the Rhone, near Culloy, three aste- 
“roids succeeded each other with such rapidity 
at the people, seeing them through a fog, sup- 

2d th be flashes of lightning, or a sepeti* 

tion of th iant aurora of the 18th of October. 

Asin the great meteoric shower of 1833, so at 

this ee the greater part of the falling stars 

which were particularly observed, seemed to issue 
from a point in the constellation of Leo. Of 
those noticed at Bercy, fifty seven traversed lines 
which, if continued, would have ended in that 
constellation; and of eighty-five observed at Stras- 
burg, fifty-seven had similar courses. M. Arago 
purposes an inquiry, whether, from their number, 
this shower of falling stars may or may not be con- 
sidered unusual; and he gives the following com- 
ons: At Paris, on the preceding night, none 
eee during an hour; from three to five 
ere seen in the same space of time on the 
night after the shower, and from two to three on 
the second night: On the preceding night, at 
Bercy, not one was seen intwo hours. At Von 
Altemare, on the 6th of November, none were 
seen during two hours’ watching; on the 7th, there 
were four in four hours; on the 8th, none in 
three hours; on the 9th, one in six hours; and 
on the 14th, two in six hours. 

I have been somewhat particular in stating the 
more remarkable circumstances connected with 
this phenomenon, as there is every reason to be- 
lieve that it is produced by an unknown celestial 
body at a considerable distance from the earth ; 
and I shall now proceed to give a brief view of 
the opinions which certain philosophers enter- 
tain, and the deductions they have been led to 
make in reference to this subject. 

In the “American Journal of Science’’ for 
April, 1834, Dr. Olmsted, professor of mathema- 
tics and natural philosophy in Yale College, New 
Haven, has entered into an elaborate investiga- 
tion of this subject in a communication which 
occupies about forty-two pages. The whole of 
this paper is well worthy of the attentive perusal 
of the philosophic inquirer, but the limits to 
which lam necessarily confined in this chapter 






will permit me to state only the general results 0: 
<° P or’s investigations; all of which appear 

be deduced from the phenomena with great 
acuteness and ingenuity of reasoning. These 
results are: 

1. ‘That the meteors of November 13 had their 
origin beyond the limits of our atmosphere. For the 
source of the meteors did not partake of the 
earth’s motion, which was demonstrable from a 
variety of circumstances, some of which have been 
alluded to above. 

2. That the hight of the place whence the meteors 
emanated, above the surface of the earth was 
about 2238 miles. This was ascertained from a 
comparison of different observations made in dif- 
ferent places, and from trigonometrical calcula- 
tions founded upon them. 

3. The meteors fell toward the earth being at- 
tracted to it by the force of gravity. It seemed 
unnecessary to assign any other cause, since 
gravity is adequate to produce the effect. 

4. They fell toward the earth in straight lines, and 
tn directions which, within considerable distances, 
were neurly parallel with each other. The courses 
are inferred to have been straight lines, because 
no others could have appeared to spectators in 
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different situations to have described arcs of 
great circles. 7 ‘ 

5. They entered the earth’s atmosphere with a 
velocity equal to about four miles per second, or 
more than ten: times greater than the maximum 
velocity of a cannon ball, and about nineteen 
times that of sound. This was inferred from 
the laws of falling bodies. . 

6. The meteors consisted of combustible matier, 
and took fire a e consumed in traversing the 
atmosphere. They were seen glowing with in- 
tense light and heat, increasing in size and splen- 
dor as they approached the earth. They were 
seen extinguished in a manner in all respects 
resembling a combustible body like a sky-rocket; 
and in the case of the larger, a cloud of luminous 
vapor was seen as the product of combustion. 
That they took fire in the atmosphere is inferred 
from the fact that they were not luminous in 
their original situation in space, otherwise the 
body from which they emanated would have been 
visible. 

7. Some of the larger meteors must have been bodies 
of great size. Some of them appeared larger than 
the full moon rising. Such a body seen at 110 
miles distance behooved to have been one mile in 
diameter; at fifty-five miles, one half mile; at 22 
miles, one-fifth ofa mile; at 54 miles, one twen- 
tieth of a mile, or 264 feet. ‘ 

8. The meteors were constituied of light and 
transparent materials. They were of light mate- 
rials, otherwise their momentum would ‘have been 
sufficient to enable them to make their way through 
the atmosphere to the surface of the earth. They 
were transparent bodies, otherwise we cannot 
conceive how they could have existed together in 
their original state without being visible by re- 
flected light. 

9. The next, and one of the principal subjects 
of inquiry was, What relations did the body which 
afforded the meteoric shower sustain to the earth? — 
Was it of the nature of a satellite that revolves 
round the earth as its center of motion? Was it 
a collection of nebulous matter which the earth 
encountered in its annual motion? or was it a 
comet which chanced at this time to be pursuing 
its path along with the earth around their com- 
mon center of motion? It could not have been a 
satellite, because it remained so long stationary 


nope to the earth; nor was ita nebula, 
f| either stationary wandering lawless through 


space. Such a collection of matter could not re- 
main stationary within the solar system; and had it 
been in motion in any other direction than that in 
which the earth was moving, it would soon have 
been separated from the earth, since during the 
eight hours while the meteoric shower lasted, the 
earth moved in its orbit through the space of 
540,000 miles. The conclusion to which Profes- 
sor Olmsted arrives, after a due consideration of 
all the circumstances, is the following : 

That the meteors of November 13th consisted of 
portions of the extreme parts of a nebulous body, 
which revolves around the sun in an orbit interior 
to that of the earth, but little inclined to the plane of 
the ecliptic, having its aphelion near to the earth’s 
path, and having a periodic time of 182 days nearly. 

This conclusion, the professor thinks, will 
account for the following, among other eireum- 
stances:—Why the phenomenon remained so 
long stationary with respect to the earth ; why it 
was seen in that particular part of the heavens; 
and why it returns at stated periods, having ap- 
peared at Mocha, in Arabia, just one year prece- 
ding, and in a manner very similar to the present, 
as described by Humboldt and by Ellicot thirty- 
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four years before. It will likewise account for 
an auroral light, resembling daybreak, which was 
seen in the east several hours before the dawn of 
day, and it is also supposed it may account for the 
ditferent appearances of the zodiacal light. The 
professor is of opinion that the body alluded to is 
somewhat analagous to that of a comet. Fig. 77 
represents the supposed orbit of this body in re- 
lation to that of the earth. E H I K represents 
the ‘orbit of the earth; S, the position of the 
sun; and C D F G, the supposed orbit of the 
body which was the source of the meteoric phe- 
nomena. At the time these phenomena were seen, 
the body is supposed to have been at C when the 
earth was at E. 
Fig. 77. 
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Arago appears to entertain an opinion on this 
subject not very different from that. of Dr. Olm- 
sted. He supposes that there may be myriads of 
bodies, composed probably of nebulous matter 
similar to the tails of comets, circulating round 
the sun ina zone or ring that crosses the earth’s 
orbit at that part where it is about the 12th No- 


vember, and that some of them, drawn from their | 


course by the earth’s attraction, fall toward it, 
and taking fire when they enter the atmosphere, in 
consequence of their prodigiously rapid motion, 

resent the luminous phenomena of falling stars. 
The body or bodies from which these meteors 
proceed, he considers as unquestionably in rapi 
motion, performing a revolution round thes) 
some plane different from that of the earth’s al 
and that the apparent course of the meteors will 
be compounded of this proper motion and of the 
earth’s motion in its orbit at the time. It follows, 
that the point from which they seem to come will 
be that toward which the earth is moving at the 
time, namely, the constellation Zo ; for the line 
or tangent of the earth’s annual motion at the 
13th and 14th November points exactly to that 
constellation.* 









* A gentleman in South Carolina thus describes the effect 
of the phenomenon of 1833 upon his negroes: “I was 
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Thus it appears that celestial bodies are revoly- 
ing around us of which we formerly had no 
knowledge or conception. A new planetary sys- 
tem, within the limits of the old, is beginning to 
be revealed to us, the number of the bodies belong- 
ing to which may be much greater than we are 
yet aware of, and their particular properties * 
motions may ut no distant period be detected and 
explained. This is one proof, among others, that 
bodies of a considerable size may dhichin, the hea- 
vens, and be prosecuting their courses in various 
directions, though they have never been detected 
by our telescopes. The subject is peculiarly in- 
teresting to philosophers and astronomers. Th 
facts which have already been observed afford a 
sensible proof of the attractive power of the earth 
over bodies at a distance in the heavens; and it is 
to be hoped that the future observations and in- 
vestigations of sciehtific men, in relation to such 
phenomena, will throw some further light on the 
nature and properties of bodies which have hith- 
erto been involved in darkness and mystery. 
What the destination of such bodies may be, or — 
the ends they serve in the economy of nature, we 
are as yet entirely ignorant of. It appears pretty 
| evident that they are bodies of no great density, 
| otherwise their effect on the earth might have 
been more terrific and disastrous. Had their 
quantity of matter been considerable, when ac-. 
companied With so prodigious a velocity as they 
evidently had, their momentum would have been 
such as to have dashed: them with violence upon 
the earth, where the most appalling effects might 
have been produced, in the demolition of human 
habitations, and the destruction of thousands of 
their inhabitants. But it does not appear that any 
of them made their way through the atmosphere 
to the surface of the earth, which was doubtless 
owing to the comparatively light materials of 
which they were composed. This circumstance, 
along with many others, evidently shows that we 
may be surrounded with numerous bodies and 
substances impalpable to the organs of vision, any 
one of which might be sufficient to deprive us of 
our comforts, and even prove destructive to our 
existence, were it not under the direction and 
control of Infinite Wisdom and Benevolence. 








suddenly awakened by the most distressing cries that ever 


a! on my ears. Shrieks of horror and cries of mercy I 
: 4 ; 

could hear from most of the negroes on three plantations, 

amounting in all to about six or eight hundred. While ear- 


nestly listening for the cause, [ heard a faint voice near th 
doorealling my name. I arose, and taking my sword, stood 
at the door. At this moment I heard the same voice still be- 
seeching me to rise, and saying, ‘Oh, my God! the world is on 
fire? I then opened the door, and it is difficult to say which 
excited me most—the awfulness of the scene, or the dis- 
tressed cries of the negroes. Upward of one hundred lay 
prostrate on the ground; some speechless, and some utter- 
ing the bitterest cries, but most with their hands raised, im- 
ploring God to save the world and them. ‘The scene was 
truly awful; for never did rain fall much thicker than the 
meteors fell toward the earth, east, west, north and south, it 
was the same!” 
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 Havine in the preceding pages exhibited a con-, 
ensed view of the principal facts in relation to 
‘the Sidereal Heavens, I shall now inquire into 
some of the designs which the Almighty Creator 
appears to have had in view in replenishing his 
universe with such an immense number and'va- 
riety of magnificent orbs. In Chapter IX, of 
“Celestial Scenery,” I entered on a consideration 
‘this subject, and illustrated at. some length a 
leading arguments, which tend to prove that 
er was created chiefly in subserviency to 
ind, and that the main object of the creation 
of the planets, as proved from all the decora- 
tions and special arrangements connected with 
“them, was to afford habitations for numerous or- 
ders of sensitive and intellectual beings. With- 
out resuming the consideration of any of the 
arguments there stated, I shall in “this chapter 
offer a few additional arguments corroborative of 
the same position, which, taken in connection 
with the former, will, I trust, amount to a moral 
demonstration tltat all the great globes in the uni- 
verse are in some respect or another connected 
with intelligent existence. 

I. The first class of arguments I shall illustrate 
is the following :—That the doctrine of a plurality 
of worlds is more worthy of the perfections of the 
Infinite Creator, and gives us a more glorious and 
magnificent idea of his character and operations 
than to suppose his benevolent regards confined to 
the globe on which we dwell. 

1. The doctrine of a plurality of worlds is more 
accordant with the idea of the infinity of the Divine 
Mind than any other position. It is admitted by 
all rational theists and theologians that the Divine 
nature fills the immensity of space, and we con- 
sequently adore the Creator as an infinite and in- 
comprehensible being, But wecan have no ideas 
approximating to what infinity really is, unles 

»by the prospects opened to us of the indefinite 
extension of material existence. Beyond the 
limits we may assign to the material world, our 
ideas, if we have any ideas at all, run into confu- 
sion, and approximate to inanity. It does not 
comport with the idea of a Being of infinite per- 
fection that his works should be confined to one 
point.of infinite space, or that one comparatively 
small race of intelligent beings should be the sole 
object of the moral government of Him whose 
presence fills the regions of immensity. It is 
more corresponding to the conceptions we ought 
to form of such a Being that the immensity of 
his works should correspond, in some degree, to 
the immensity of his nature; and, so far as our 
knowledge and observation extend, this is in real- 
ity the case. Beyond the range of natural vision, 
the telescope enablés us to desery numerous ob- 
jects of amazing magnitude; and, in proportion 
to the excellence of the instrument and the pow- 
ers applied, objects still more remote in the spaces 
of immensity are unfolded to our view, leaving 
us no room to doubt that countless globes and 
masses of matter lie concealed in the still remoter 
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regions of infinity, far beyond the utmost stretch 
of mortal vision. But huge masses of matter, 
however numerous and widely extended, if devoid 
of intelligent beings, could never comport with 
the idea of happiness being coextensive with the 
range of the Creator’s dominions. Such an idea 
would completely obscure the luster of all his 
other attributes, and prevent them. from being 
known and appreciated wherever his Omnipotence 
is displayed. ‘To consider creation, therefore, in 
all its departments, as extending throughout re- 
gions of space illimitable to mortal view, and 
filled with intelligent existence, is nothing more 
than. what comports with the idea of Him who 
inhabiteth immensity, and whose perfections are 
boundless and past finding out. 

2. The idea of the indefinite extension of the 
universe and a plurality of worlds is most accor- 
dant with the eternity of the Divine Mind. When 
we go back in imagination to ages and centuries 
of duration more numerous than the drops of 
ocean or the sands on the sea-shore, we find the 
Deity existing in all the plenitude of his incom- 
municable attributes; for ‘‘He inhabiteth eter- 
nity,” as well as immensity. There is nothing 
repugnant either to reason or revelation to sup- 
pose that, innumerable ages before our globe was 
arranged into its present state, many regions of 
infinite space were replenished with material 
existence; for the Scriptures nowhere assert that 
the materials out of which our globe was arranged 
were brought from nothing into existence at the 
period when Moses commences his narrative of 
the processes which preceded the formation of 
man. Nor have we any reason to believe that the 
operations of Creating Power have ceased since 

structure of our world was completed, but 
me evidences of the contrary; for example, 
case of, new stars which have made their 
earance at different periods since the time of 
the Mosaic creation, and even within the limits 
of the last century. It does not appear corres- 
ponding to the idea of an Eternal Being, whose 
existence can never terminate, and whose perfec- 
tions are the same at all periods of duration, that 
everything should stand still in the universe, and 
that nothing new should arise into existence 
during the lapse of infinite duration, which would 
in effect be the case if the work of creation were 
absolutely finished, or if man were the principal 
intelligence connected with the material system. 

Whether the happiness of the Divinity may be 
increased by the contemplation of his purposes 
and plans being brought into effect, we cannot 
positively declare; though it does not appear con- 
trary to reason or the Dictates of Scripture to 
suppose that even the felicity of the Deity may, 
in a certain limited and modified sense, be suscep- 
tible of augmentation.* But whatever opinion 








"Tt. ig declared in Psalm exlvii, 11: “The Lord taketh 
pleasure in them that fear him, in those that hope in his 
mercy;” and in relation to Messiah it is said, « Jehovah is 
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may be formed on this point, from the constitution 
of finite minds, and the principles and desires 
implanted in them, it appears necessary to their 
progressive enjoyment that new scenes and mani- 
festations of Divine perfection should be contin- 
ually opening to their view; and if the universe 
be indefinitely extended, as it appears to be, and if 
new worlds are continually springing up under 
the creating hand of the Omnipotent, then we 
behold a prospect of progressive knowledge and 
enjoyment suited.to the desires and aspirations of 
intelligent minds, which can never terminate 
throughout all the future periods of eternity. It 
is indeed absurd to suppose that a Being without 
beginning and without end should have his atten- 
tion solely or chiefly directed to one point of his 
universe, and to one class of intelligences, “to 
whom,” in point of number and of rank, “they 
are counted as nothing and less than nothing, and 
vanity.” 

In respect to a Being, then, who fills the in- 
finity of space with his presence, and who is 
possessed of eternal duration, it is nothing more 
than what is consistent with these attributes, and 
what we Should naturally expect, that his empire 
should stretch over the regions of immensity, and 
that it should be filled with innumerable intelli- 
gonces, capable of appreciating his power ‘and 
goodness, and of paying a tribute of gratitude 
and adoration. The two attributes to which we 
have adverted could never be thoroughly displayed 
to finite minds, unless creation were extended 
through the illimitable tracks of space, and new 
creations gradually unfolding themselves to view. 
Were creation as limited as many suppose, were 
it confined chiefly to the world in which we dwell, 
and the beings connected with it, we might in the 
course of a few ages be said in some measure to 
comprehend the Creator, having explored all the 
displays he has made of his power, wisdom, and 
goodness; for we know nothing more of the 
Deity than the manifestations he has made of him- 
self in his works and his moral dispensations. 
Everything in relation to man and his habitation 
might be known after the investigations of a very 
limited number of ages, and nothing further would 
remain to stimulate the exercise of the rational 
faculties throughout all the succeeding periods of 
infinite duration. But we may rest assured 
the Divine Being is absolutely incompreh 
and that no created intelligence will ever 
to sound the depth of his perfections, or to 
the full extent of his operations. 

3. It is more accordant with the wisdom of the 
Deity that the universe should be inhabited by 
intelligent minds, than that it should remain in a 
state of perpetual desolation and solitude. 

Could it be proved that the planets of the solar 
system, and all the other magnificent globes which 
are dispersed throughout creation, are only rude 
masses of matter, without life and intelligence, it 
would confound all our ideas of the intelligence 
of the Divine mind. Wisdom is universally 












well pleased for his righteousness’ sake.” In reference to 
the material works of creation it is said, Psalm civ, 3], 
“The glory of the Lord shall endure forever; the Lord shall 
REJOICE in all his works.” The expression, “ The glory of 
the Lord,” denotes the display of the Divine perfections 
made in the works of creation, as is evident from the sub- 
ject of ge psalm in which it occurs, which celebrates the 
power, 1 sdom, and providence of God, in relation to the 
objects of the visible world. In reference to these objects 
jt is said, “* The Lord shall rejoice” in them, which seems 
to imply, speaking after the manner of men, a degree of 
leasure or satisfaction in beholding his wise and benevo- 
ent plans, and his eternal purposes, brought into effect and 
falfilling the ends intended, 
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acknowledged to be one of the eternal and essen- 
tial attributes of the Divinity. But how could 
the glory of this attribute be traced from the con- 
templation of a mass of more inanimate matter, 
however vast and splendid in its general aspect, 
when no end or design of its creation is perceived? 
Where should we be enabled to perceive the nice 
adaptation of means to ends? tho sine us 
_producin 






operation of principles and causes 
grand and beneficent effects? the acce 
of glorious and useful designs by admira 
rangements? We could only behold a vast and 
stupendous assemblage of means without a end ; 
or, at least, without an end corresponding to the 
magnitude and grandeur. We should behold 
merely a display of boundless and uncontrollable 
power acting at random, and producing no effect 
which could excite the love and admiration of 
holy intelligences. For what could thoy behold 
to excite such emotions, although they were per- 
mitted to make the tour of the universe? Scenes 
of emptiness and desolation, of silence and so 
tude, where no sound is heard, where no anima’ 
being enlivens the boundless prospect, where n ‘ 
interchange of sentiment or affection can take 
place, and where no praises from adoring wor- 
shipers ever ascend to the Ruler of the ‘skies. 
A rational being traversing scenes of this descrip- 
tion would feel as little enjoyment as a bewildered 
traveler, amid storms and tempests, wandering 
over a vast howling wilderness, where human 
feet had never trod; and where the sweet accents 
of the human voice are never heard to cheer the 
surrounding solitude. » 

But when we view the magnificent globes 
which are scattered throughout immensity as 
replenished with numerous orders of intelligent 
beings, we behold an end worthy of the grandeur 
of the means which have been employed, worthy 
of the omnipotent power which has been exerted, 
and corresponding to the perfections of him who’ 
‘is “the only wise God,” who is wonderful in 
counsel, and excellent in working.’? We behold 
a display of Divine wisdom and munificence which 
is calculated to arrest the attention and draw forth 
the admiration of all rational beings, and to excite 
the most ardent desires of beholding the distant 
scenes of the universe more completely unfolded— 
a display calculated, to gratify intelligences of the 
highest order, and of the most capacious powers, 
excite them to the most sublime investigations, 
and to inspire them with emotions of love, reve- 
rence, and adoration of Him who created all 
worlds, and for whose pleasure they are and were 
created. : 

4. The idea of the universe being replenished 
with sensitive and intellectual existence is accor- 
dant with every rational view we can take of the 
goodness or benevolence of the Deity. 

The goodness of God is that attribute of his 
nature by which he delights to communicate 
happiness to all the ranks of his sentient and 
intelligent offspring. Like every other attribute 
of the Divine mind, it. is strictly boundless or 
infinite, coextensive with the eternal greatness of 
that mind, and commensurate with infinite know- 
ledge, wisdom, and omnipotence. ‘I'he beneyo- 
lence of the Deity may be said to constitute his 
whole moral character, and to reflect 'a radiance 
on all his other perfections. To his love of hap- 
piness, as it now exists among every order of his 
creatures, and to his desire of producing it in all 
his future arrangements, no possible limits can. be 
affixed. Hence, in the sacred records, the Divine 
Being is summarily described by this perfection 
alone, “ God is love.” It is not merely asserted 
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that God is benevolent, but that he is benevolence. 
itself. Benevolence is the essence of his being 
and character—a summary of everything that can 
render him amiable and adorable in» the eyes of 
all his intelligent creatures. This benevolence is 
permanent and immutable, and must be forever 
. distributing blessings wherever percipient 
- beings exist. As it consists in the love of happi- 
ness, and the desire of communicating it wherever 
there is scope for its exercise; as it is the bound- 
less energy the infinite Mind in unceasingly 
doing good, it must be displayed, in a greater or 
less degree, wherever matter exists, and wherever 
isdom and omnipotence have been exerted 
throughout the universe. We know that it is 
incessantly displayed throughout all the depart- 
ments of our terrestrial system, in the ample 
provision made for the wants of every species of 
animated existence, in “giving”? the various 
tribes of men “rain from heaven and fruitful 
easons, and filling their hearts with food and 
Iness;”’ and, in a wonderful diversity of modes, 
stributing enjoyment among percipient beings. 
; is celebrated in the highest strains by the 
nspired writers as one of the most glorious and 
distinguishing characteristics of Jehovah. ‘The 
Lord is good to all; his tender mercies are over all 
his works.’’ ‘He is merciful, and gracious, and 
abundant in goodness.”? ** His bounty is great 
above the heavens,’’ and ‘“‘he exercises loving 
kindness throughout the earth.” 
to the ie ae or he is good, for his mercy endu- 
reth forever.” ' 

But however great and inexhaustible the source 
of happiness in the Divine mind, the exercise of 
goodness necessarily supposes the existence of sensi- 
tive or rational beings, toward whom benevolence 
may be displayed. Where no such beings are to 
be found, this attribute cannot be exercised or 
traced in its operation. Mountains and plains, 
rocks of marble and diamonds, or valleys adorned 
with all manner of precious stones, however rich 
and splendid, cannot feel the effects of Divine be- 
neficence. If, therefore, the numerous globes 
throughout the universe were destitute of inhabit- 
ants, there would be no extensive display of this 
éssential perfection of the Divine nature ; and to 
those few intelligences who might be permitted to 
view the desolate wastes of the universe, or to re- 
ceive information respecting them, it would ap- 
pear as if the Divine goodness had either been e: 
hausted or had ceased its operations, and been with 
drawn from the scene of creation, as if “ the Lord 
had forgotten to be gracious, and in anger shut up 
his tender mercies.”” We have reason, however, 
to believe, both from scripture and from reason, 
that it is the great end of all the operations of 
Deity that a theater may be prepared, on which 
the emanations of his goodness may be commu- 
vicated to innumerable orders of beings through- 
out his vast creation. There is no other conceiv- 
able end for which the fabric of universal nature 
was reared than that it should serve as a scene of 
enjoyment to innumerable beings susceptible of 
feeling the effects of the Creator’s bounty, and 
that therein they might behold a magnificent dis- 
play of the grandeur of his eternal attributes ; 
but if by far the greater part of creation were un- 
inhabited, such an end would be frustrated. How- 
ever expansive the scene of the universe may be— 
however numerous and magnificent the worlds 
and systems which exist within its boundless range, 
the glories of Omnipotence would remain forever 
vailed and unknown, except to a small race of 
beings who occupy only a point in the immensity 
of space, and who cannot possibly be acquainted 
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with the ten-thousandth part of the seenes which 
lie in the remoter spaces of creation. 

If, therefore, we would not rob the Divinity of 
the most distinguishing attribute of his nature, 
we must admit that wherever creation extends, 
his goodness and beneficence are displayed, and, 
consequently, that intelligent beings of various 
orders must exist throughout all its amplitudes. 
Wherever power and wisdom are displayed, it 
ought to be considered as a necessary consequence 
that there also goodness is exercised, as the one 
is subsidiary to the other, and stands related as 
means to an end, or as cause to effect. It would 
be a most glaring piece of inconsistency to sup- 
pose that the Divine benevolence is confined to 
one or two worlds or orders of beings, when mil- 
lions of expansive systems diversify the fields of 
immensity; more especially when we consider 
that the goodness of the Deity is of so communi- 
cative a nature that all the interval between a 
polypus and-a man is filled with thousands of 
species of animated beings, of every conceivable 
form, and structure, and capacity, in order that 
happiness of every degree may be diffused among 
every possible order of sentient existenct. Every 
element of nature, every department of our ter- 
restrial system, forms an appropriate abode for 
living beings. The air, the waters, and the earth 
teem with animated existence of every size and 
form, and in such vast multitudes as to exceed all 
human calculation ; and if the displays of Divine 
goodness be thus exuberant in our sublunary 
world, it would be absurd in the highest degree to 
suppose for a moment that the millions of vast 
globes, which roll in the distant regions of crea- 
tion are devoid. of inhabitants, since the commu- 
nication of happiness appears to be one great end 
of all the operations of infinite wisdom and om- 
nipotence. 

Thus it appears that the doctrine of a plurality 
of worlds is not only accordant with every ration- 


‘al view we ought to entertain of the eternity and 


immensity, the wisdom and goodness, of the Di- 
vine Being, but that the opposite opinion ‘would 
be repugnant to every consistent and seriptural 
view we can take of the character of the Supreme, 
and would obscure the glory of every divine per- 
fection. This view, therefore, of the universe, 
ered as replenished with innumerable intel- 


ent idea of the character and operations of 
ity than’ to suppose his benevolent regards 
ned to the globe on which we dwell. Instead 
of having only one comparatively small world and 
race of beings under his sway, we here contem= 
plate him as the supreme ruler of ten thousand 
times ten thousands of mighty worlds, and con- 
ducting them all, with unerring skill, in their vast 
career. We behold him exercising his moral ad- 
ministration over a vast universe of minds, more 
numerous than the faculties of men or of angelic 
beings are adequate to compute, supporting and 
directing all the amazing powers of thought, wis- 
dom, intelligence, affection, and moral action 

throughout every part of his eternal empire, dis 

playing the depths of his wisdom and intelligenca, 
the rectitude of his character, and the grandeuz 
of his omnipotence to countless orders of intellect- 
ual existence, presenting before them prospects of 
magnificence and grandeur boundless as immensi- 
ty, distributing among them all the riches of his 
beneficence, and inspiring them with t pe that 
the grandeur of his kingdom and the of his 
perfections wil! continue to be displayed with in- 
creasing splendor throughout all the periods of an 
endless duration. Such a Being is calculated to 
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draw forth the highest degree of love and admira- 
tion from all his intelligent offspring, to inspire 
them with glowing ardor in his service, and to 
excite them to incessant adoration ; whereas, did 
the universe consist merely of a boundless mass 
of matter without animation, thought, or intelli- 
gence, a vail of darkness and mystery would be 
thrown over all the perfections and purposes of 
the Divinity ; creation would appear a vast, mys- 

_ terious, and inexplicable system; and no hope 
would ever be entertained of tracing the designs 
for which it was brought into existence. 

II. Another general argument. for the plurality 
of worlds, and for an extensive population of the 
universe, may be founded on the following propo- 
sition:—that wherever any one perfection of Deity is 
exerted, there also atu his attributes are in operation, 
and must be displayed, in a greater or less degree, 
to certain orders of intelligences. This is a most 
important consideration, which ought to be taken 
into account in all our views of the Divine char- 
acter, and in all our investigations of the Divine 
administration—a consideration which.is too fre- 
quently overlooked in the views and reasonings 
both of philosophers and theologians. 

The Divine Being is onz undivided essence; he 
is not compounded of separable. parts or qualities, 
insulated from each other. We ought not, there- 
fore, to conceive of his attributes as so many in- 
dependent powers or properties, any one of which 
may be exerted without the concurrence or co- 
operation of the other. From the limited views 
we too frequently take of the Divinity, and from 
the imperfection of our present faculties, we are 
apt to fall into this mistake ; but since all the 
perfections we attribute to the Eternal Mind are 
attributes of one indivisible and uncompounded 
Being, we ought never to imagine that power in 
any instance operates without goodness, or wisdom 
without rectitude, or that it can ever happen that 
any one of those perfections can be displayed 
without the harmonious operation of the whole. 
In whatever regions of the universe, therefore, 
God is seen to operate by his power, we may rest 
assured that there also he displays himself in the 
plenitude of all his other perfections ; that intelli- 
gence, wisdom, benevolence, veracity, and recti- 
tude follow in the train of omnipotence, displaying 
in undivided luster and harmony the glories of 
his character. It is Gop, invested with all his 

eternal and immutable, his natural and moral a 
tributes, and not any single perfection, that a 
arranges, and governs throughout the whole am- 
plitude of creation; and as such, his moral gran- 
deur, as well as the physical effect of his power, 
must be displayed in every department of. the ma- 
terial universe. From the influence of habit, and 
in consequence of the limited faculties of our na- 
ture, we are accustomed to say, that in one object 
power is displayed, and in another that wisdom is 
manifested ; because, that in the one the attribute 
of power appears to us most prominent, and in 
the other, wisdom is more strikingly apparent. A 
lofty range of mountains, rearing their summits 
above the clouds, and stretching along for several 
hundreds of miles, strikes the mind with an idea 
of power in Him who formed them ; but the fine 
mechanism, accomplishing certain useful purposes 
in the body of an emmet or a gnat, or the delicate 
construction of the eye of a dragon-fly, arrests 
our attention more particularly as an evidence of 
wisdom, although in each of these cases both power 
and wisdom are displayed. In no act or eperation 
whatever of the Divine Being can it be said, that 
in that act he is only wise, or only powerful, or 
only benevolent; for in every operation, and in 


| may rest assured that those perfections 










every part of his procedure, he acts in the pleni- 
tude of all his essential attributes, although the 
full display of all his perfections may not, in every 
instance, be open to our inspection. 

If, then, the positions now stated be admitted 
(and I see not how they can be called in ques- 
tion), it necessarily follows that all the vast glob 
dispersed throughout the universe are either 
bited or contribute, as our sun does, to the com- 
fort and enjoyment of percipient existence; for 
if wisdom and goodness uniformly an of nes 
sity accompany the agency of power, and if these 
attributes can be exercised only in relation to 
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sentient or intelligent beings, such beings must 


exist wherever such perfections are exercised. To 
suppose the contrary would involve a palpable ab- 
surdity, and present a distorted and inconsistent 
view of the adorable character of Jehovah. 

In our survey of the sidereal heavens, and the 
remoter provinces of the Divine empire, we be- 
hold little more than an overwhelming display of 


nificent scenes prevents us from tracing the 


almighty power. Our remoteness from those mag= — 
e 


nute contrivances of Divine Wisdom in relati 
to any particular system, or the displays of Divine $ 
Beneficence toward, its inhabitants. But our 
incapacity in perceiving the effects of wisdom and 
goodness forms no arguments against the actual 
exercise of these perfections. If it be admitted 
that infinite wisdom and benevolence are the 
necessary accompaniments of almighty power, we 
in full 
and constant exercise wherever creating power 
has been exerted, although, from our present situ- 


‘ation in the universe, their operation be concealed 


from our view. In every instance where Omni- 
potence has put forth its energies, it may be con- 
sidered as a stage or theater on which the Divine 
wisdom and benevolence may be displayed. And 
as wisdom and goodness can only have a reference 
to percipient and intelligent beings, wherever 
those perfections are. exercised, such beings must 
necessarily be conceived to exist; otherwise, we in 
effect destroy the simplicity of the Divine nature, 
we divide the Divine essence into so many inde- 
pendent attributes, and virtually declare that in the 
work of creation the Deity does not act in the full 
exercise of his indivisible and eternal perfections. , 

The above considerations, if duly weighed and 
nderstood, appear to me to embody an argument 
for the doctrine of an indefinite plurality of worlds, 
ich may be considered as amounting to a moral 
emonstration. 

Ill. There is an absurdity involved in the con- 
trary supposition—namely, that the distant regions 
of creation are devoid of inhabitants, 

1. There are two modes of reasoning which 
have been employed to prove the truth of a pro- 
position: the direct method, by bringing forward 
arguments, or following out a train of reasoning 
bearing expressly on the position to be supported; 
or the indirect method, by showing the absurdity 
of maintaining the opposite position. Mathema- 
ticians term this latter species of reasoning the 
reductio ad absurdum, and sometimes employ it 
instead of the direct method, by showing that the 
contrary of the position laid down is impossible, 
or involves an absurdity; and this method of 
proof is considered as valid, and as strictly demon- 
strative as the other; for the opposite of truth 
must be falsehood. If, therefore, any proposition, 
whether mathematical or moral, can be shown 
to involve an absurdity, or to be inconsistent 
with a well-known and acknowledged truth, 
or directly contrary to it, we may safely conclude 
that such a proposition must be false, 
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To feel the foree of such an argument in the 
present case, let us suppose for a moment that 
the planetary and stellar orbs are destitute of in- 
habitants. "What would be the consequences? 
All those vast bodies must then be considered as 
reoions of eternal silence, solitude, and desola- 
‘tion. The sun illuminates the surfaces of such 
‘huge globes as Jupiter and Saturn, but there are 
no visual organs to perceive the luster he throws 
around, no percipient beings to feel the influence 
of his heat and other benign agencies. ‘Time is 
measured, with exquisite precision by days, and 
months, and years, but all to'no purpose; for no 
‘rational beings enjoy the advantage of such mea- 
sures of the lapse of time, and the Deity—to 
whom “one day is as a thousand years, and a 
thousand yéars as one day’’—stands in no need 
of such movements to mark the periods of dura- 
tion. Day and night, spring and summer, suc- 
ceed each other, but they have no relation to the 
wants or enjoyments of sensitive or intellectual 
natures. The melody of the groves, the bleating 
of flocks, the lowing of herds, the harmonious 
accents of human voices, or the music of angelic 
choirs, never for a moment disturb the profound 
and awful silence which forever prevails; not a 
single murmur meets the ear, unless howling 
winds, amidst dreary deserts and rugged rocks, 
should render the scene still more hideous and 
doleful. Some of those mighty globes are encir- 
cled with splendid rings and a retinue of moons, 
which adorn the canopy of the sky, and present a 
scene of grandeur far more diversified and sublime 
than human eyes have yet beheld, but no intelli- 
gent agents exist in those regions to admire and 
enjoy the wondrous spectacle and to adore the 
great Creat In short, all is one wide scene of 
dreariness, desolation, horror, and silence, which 
would fill a spectator from this world with terror 
and dismay. 





Were an inhabitant of the earth to be trans- 
ported to Jupiter or Saturn, he might behold 
resplendent scenes in the canopy of the firma~ 
ment; but how great would be his disappointment 
to find nothing but boundless deserts and desolate 
wastes, without one sentient being to cheer the 
horrors of the scene, and not a rational intelligence 
to communicate a single sentiment or to join him 
in the contemplation of the objects above and 
around him; and were he to range throughout an 
indefinite lapse of ages from one globe to another, 
and from one corner of the universe to another, 
and find the same gloomy solitudes and desola- 
tions, he could find no stimulus to excite him to 
admiration or rapture, or to elevate his soul in 
adoration of the Creator. Even the most resplen- 
dent scenes, adorned with all the riches and beau- 
ties which the most lively imagination can depict, 
—mountains of diamonds and plains diversified 
with all the beauties of the vegetable creation,— 
could impart no real pleasure while unenlivened 
with the principle of animation and the energies 
of mind. What a gloomy and horrible picture 
would such a scene present of the frame of uni- 
versal nature, and what a vail of darkness and 
mystery would it throw over the perfectious of 
the Eternal! for it is the scenes connected with 
life, animation, mental activity, and moral senti- 
ment, glowing affection, social intercourse, and 
the mutual sympathies of intellectual beings, that 
can alone inspire the soul with rapturous emo- 
tions, throw a charm over any part of creation, 
and exhibit the Almighty Creator as amiable and 





adorable. It is chiefly from the relation in which 
the material world stands to sensitive and intel- 
lectual existence that its beauty and order are 
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recognized and admired by contemplative minds, 
and that the wisdom and beneficence of the Deity 
are traced in all their minute and multifarious 
bearings. In our world, as it now stands, the 
arrangement of mountains and vales, the various 


“properties of the watery element, and its trans- 


mutation into vapors, clouds, and dew, the admira- 
ble mechanism of the atmosphere, the fertility of 
the earth, and the beautiful coloring which is 
spread over the face of nature,—which are pro- 
ductive of so many beneficial effects, and so evi- 
dently display the wisdom of Deity,—would all 
appear as so many means without an end, as con- 


-trivances without use, if the earth were destitute 


of inhabitants. And if all the other departments 
of creation were likewise devoid of animation and 
intelligence, scarcely a trace would be left through- 
out boundless space of the wisdom and benevo- 
lence of the Eternal Mind. 

Q. In the next place, such a position as that 
which I am now opposing would be inconsistent 
with that principle of variety which appears so 
conspicuous throughout the whole range of the 
Divine operations, and with that progressive expan- 
sion of intellectual views which appears necessary 
to the perpetual enjoyment of immortal beings. 

In order to permanent enjoyment it is neces- 
sary, from the very constitution of the mind, that 
one scene of happiness should succeed another,— 
that the soul should look forward to the future, to 


something new or more grand and expansive than 


it has yet beheld or enjoyed. It can never rest in 


_present objects and attainments, but is always on 


the wing for something higher and more exquisite 
than it has yet grasped or enjoyed. What is the 
reason, in most cases, why imprisonment produces 
so doleful an effect upon the mind, but because 
its views and its actions are confined to a narrow 
circle? And if in such a situation newspapers, 
books, paper, pens and ink, be withheld, so as still 
further to circumscribe the mental view, its want 
of enjoyment and its misery are still more in- 
creased. Why would a literary man feel unhap- 
piness had he no access to books, journals, and 
the periodicals of the day, nor any other means 
of information respecting passing events, but be- 
cause he would thus be confined to his present 
range of view, and prevented from enlarging it? 
And why should the man who devours the periodi- 


cal journal to-day feel as craving desires to-mor- 


row to peruse similar records of intelligence, to 
mark the progress of passing events, but from the 
same vehement desire to expand his present intel- 
lectual views? Were such desires to remain 
ungratified, and the prospect of further informa- 
tion entirely shut up, a certain aegree of misery 
would necessarily be felt by every rational mind. 
In another world, something similar would hap- 
pen in the case of all intellectual beings, were no 
new scenes and prospects ever unfolded to view. 
Divines have generally admitted that the eter- 
nal world, in the case of the righteous, will be a 
state of perpetual and uninterrupted enjoyment, 
Such enjoyment, however, could never be real- 
ized, unless new scenes and objects, worthy of the 
admiration of exalted intelligences, were progres- 
sively displayed. But the contemplation of rude 
masses of matter, however vast in point of size 
and extent, and however magnificent in point of 
splendor, were they entirely unconnected with 
mind and moral action, would produce no high 


degree of enjoyment to beings possessed of capa- 
cious powers of intellect; for in s jects they 
could trace no evidences of skill or design, nor 


would they perceive any overflowings of Divine 
goodness to inspire them with gratitude and 
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praise. We are warranted from Revelation to ex- 
pect that in the future world the knowledge of 
good men will be indefinitely increased, in respect 
to their more enlarged conceptions of the Divine 
Being, and of his works and ways; that, among 
other subjects, they shall become more acquainted 
with the distant regions of creation, the destina- 
tion of those great globes which we now behold 
at an impassable distance, the history of their in- 
habitants; the various stages of improvement 
through which they have passed, the most remark- 
able events which have happened among them since 
their creation, the relations which the different 
worlds bear to each other, the various orders of 


intellectual beings and their distinctive character- | 


istics and endowments, with many other particu- 
lars which would afford an ample field of investi- 
gation and contemplation which could scarcely 
ever be exhausted, and a source of progressive 
and permanent delight. But all such prospects 
of knowledge and enjoyment would be forever 
shut out, were the universe a collection of mere 
matter unconnected with mind or intelligence, 
and the distant view of an immortal existence 
would present little else than a scene of monotony 
or a boundless blank. 

In the future world, although the circumstances 
in which the mind will exist, will be different 
from its present local associations, yet its facul- 
ties, desires, and affections, will not be essentially 
changed. It will continue the*same identical 
being, only transported to another region, and 
connected with other objects and associations.— 
It will have the same or similar aspirations after 
happiness, the same desires after new objects and 
discoveries, and the expansion of its intellectual 
views, and the same delight in beholding one 
scene of creating grandeur after another unfold- 
ing itself to view, as it feels, in a certain degree, 
in the present state. Such desires after progres- 
sive improvement in knowledge and happiness 
are implanted by the Creator, and form an essen- 
tial part of the constitution of the human soul, 
and therefore can never be eradicated so long as 
it is sustained in existence. But it is evident, 
from what has been already stated, that such de- 
sires could never be gratified, and that its expec- 
tations of higher degrees of intellectual expansion 
and enjoyment would be frustrated, were the 
scene of Omnipotence nothing more than an in- 
definite extension of matter without life or intel- 
ligence; for in such a case there would be little 
scope for the exercise and expansion of its powers 
throughout an immortal existence. 

3. The supposition that matter throughout the 
universe is not connected with mind would pre- 
sent a distorted view of the character of the Al- 
mighty, and throw a vail over the most glorious 
perfections of his nature. It would virtually de- 
prive the Creator of the attribute of wisdom; 
since no display of it would be perceived in the 
most magnificent works of his hands. It would, 
in effect, rob him of his goodness; since, through- 
out the mightiest and most extensive portion of 
his works, no enjoyment is communicated to be- 
ings endowed with either sensitive or rational 
natures, which are alone capable of beiny recipi- 
ents of his bounty; consequently, no tribute of 
gratitude and thanksgiving would be offered, and 
no praises or adorations would ascend to the 
throne of the “ King eternal, immortal, and invi- 
sible,” from the greatest portion of his boundless 
dominions. It would prevent us from beholding 
any extensive display of the rectitude of his char- 
acter and the equity of his government in the 
moral administration of the universe. Now, 


Vox. I1.—26 








99 


wisdom, goodness, and rectitude, can only be ex- 
ercised in reference to intelligent natures, and 
cannot possibly be displayed where such beings 
have no existence. 

The denial therefore of the position, that the 
great universe is peopled with inhabitants, would 
lead us to contemplate a Being whose power as 
brought into existence a magnificent assi ge 
of means without an end; who has prepared 
glorious habitations fitted for the enjoyment of 
rational natures, but has never peopled them; who 
is the alone source of happiness, and yet refuses 
to communicate of his goodness where there is 
full scope for its exercise; and who is the Supreme 
Lawgiver and the spring of moral order, and yet 
affords no display of his moral attributes through- 
out the immensity of his works: for this earth, 
and all the beings that have ever been connected 
with it, are but as a drop to the ocean compared with 
the immensity. of the material universe. Can it 
therefore be a theater of sufficient expansion for 
the display of the character and attributes of that 
being who has existed from eternity past, and will 
exist to eternity to come, and whose presence fills 
the amplitudes of boundless space? 

If, then, such absurd consequences necessarily 
follow from maintaining the position, that there 
is no plurality of worlds, that position cannot pos- 
sibly be true. It undermines truths of the first 
importance, which lie at the foundation of all 
consistent views of the character of the Deity, 
and which are acknowledged to be such by all ra- 
tional theists and Christian divines. And, since 
what is directly opposed to truth must be error, and 
wice versa, it follows that the docttnewa are sup- 
perting must be considered as susceptible of moral 
demonstration; for it may be laid down as an 
axiom, that it is essential to the character of Deity 
that he act consistently in all parts of his domin- 
ions, that he display in every instance all his per- 
fections in harmony, and that wherever his om- 
nipotence has been exerted, there likewise he must 
display his wisdom, benevolence, and rectitude.— 
Whatever opinion therefore directly tends to un- 
dermine or oppose such views of the Divine 
character and perfections must be absolutely un- 
tenable, and the opposite opinion must be indis- 
putably true. 

In my work on “Celestial Scenery ’’ I entered 
on the consideration of several arguments which 
tend to prove the doctrine of a plurality of worlds, 
and that the planets of the solar system in parti- 
cular are the abodes of intellectual beings. This 
position was illustrated at some length from the 
following considerations: that there are bodies in 
the planetary system of such magnitudes as to 
afford ample scope for myriads of inhabitants; 
that there is @ general similarity among all the 
bodies of the system, which affords a presumptive 
evidence that they are intended to subserve the 
same ultimate designs; that, connected with the 
planets, there are certain special arrangements 
which indicate their adaptation to the enjoyment 
of sensitive and intellectual beings; that the 
scenery of the heavens, as viewed from the surfaces 
of the larger planets and their satellites, forms a 
presumptive proof of the same position; and that 
the fact that every part of nature in our world is 
destined to the support of animated beings, ‘affords 
a powerful argument in support of this doctrine. 
These arguments and considerations, when viewed 
in all their bearings, and in connection with the 
wisdom and goodness of the Divine Being, might 
be considered, without any further discussions, 


las quite sufficient to substantiate the position, 


that the planets and satellites of our system, as 
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well as other departments of the universe, are the 
abodes of sensitive and intelligent beings. 

In the preceding pages I have offered a few 
additional considerations bearing on the same 
point, which, I trust, will tend to corroborate 
the arguments and reasoning formerly adduced.— 
I have shown that the doctrine of a plural f 
worlds is more worthy of the perfections of e 
infinite Creator, and gives us a more magnificent 
idea of his character and works, than to suppose | 
his benevolent regards confined to our compara- 
tively diminutive world; that it is more accordant 
with the infinity and eternity of the Divine Being, 
and with his wisdom and benevolence than the; op- 
posite position; that wherever any one perfection 
of Deity is exerted, there also ail his attributes are 
in operation; and consequently, wherever Omni- 
potence is seen to operate, there likewise, wisdom, 

benevolence, rectitude, and every other Divine; 
perfection, must be displayed, andcan only.be dis- 
played in reference to intelligent beings; that 
ee 
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there is an absurdity involved in the contrary sup- 
position; that this supposition would represent. 
the universeas animmense desert, unworthy of the 
contemplation of intelligent minds; that it would 
prevent the progressive expansion of intellectual 
views in a future state, and present a distorted 
view of the character and attributes of the Al- 
mighty Creator, All these arguments and con- 


siderations, when viewed ina proper light, tend 


to yielda mutual support to each other, they hang 
together in perfect harmony; and they are in full 
consistency with the most amiable and sublime 
conceptions we can form.of the Divinity; and 
therefore ought, to carry irresistible conviction to 
the mind of every unbiased and intelligent in- 
quirer. To my, own mind, they amount to a 
moral demonstration; so that I am as fully con- 
vinced of the truth of the position we have been 
maintaining, as if I were transported to the re- 
gions, of distant worlds, and permitted to mingle 
in association with their inhabitants. 
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% 
Ir iss £ difficult to persuade the greater 
part of d.that there are any habitable 


worlds beside our own, or that rational beings, 
somewhat analogous to man, may inhabit the 
planets of our own or of other systems. Even 
the greater part of Christians, and some who are 
possessed of a considerable degree of intelligence, 
can scarcely be persuaded that there are more 
worlds than one, or that the Divine government 
extends beyond the Christian Church and the na- 
tions of the earth; and they attempt to vindicate 
their opinion by asserting that the Scriptures 
neyer make the least allusion to any world except 
that in which we dwell. Although this were in 
teality the case, it would form noargumentagainst 
the doctrine of a plurality of worlds; for the reve- 
lations contained in the Scriptures are chiefly of a 
moral nature, their great object being to counter- 
act the depravity of man, and to afford informa- 
tion respecting the plans, and perfections, and 
moral government of the Divine Being, which 
the unassisted light of natute was unable to ex- 
plore. They were not intended to teach us the 
principles of physical science, or the particular 
knowledge of any other subject which the human 
faculties were of themselves adequate to acquire; 
but to direct us, in all our surveys of the works 
of God, to look upward to him as the Supreme 
Agent, to trace his attributes in all his operations, 
and to offer hima tribute of grateful adoration.— 
The Scriptures, therefore, would be fully sufficient 
to answer all the purposes of a revelation to man, 
although they made no allusion to other worlds, 
or to other intelligences within the range of the 
Divine government. 

Since the system of nature, the system of reve- 
lation, and the rational faculties of man, had their 
origin from the same Almighty Being, we should 
naturally expect that they should perfectly har- 
monize in their grand lineaments, and in the 
truths they are calculated respectively to unfold; 
or, at least, that there should be no glaring con- 


tradiction between the intimations given by the 
one and by the other. If the investigations of 
reason in regard to the material universe neces- 
sarily lead to the conclusion that numerous worlds 
exist throughout immensity, and if the Scriptures 
contain a communication from God, we should 
never expect to find in that revelation any propo- 
sition asserting that there is only one world and 
one race of intelligent beings in the universe, and 
it is needless to say that no such proposition is to 
be found in the Bible. On the contrary, though 
the Scriptures never directly or explicitly treat of 
this subject, the doctrine of a plurality of worlds 
is embodied in many passages of the sacred writings ; 
and the language of the inspired penman is in all 
cases perfectly consistent with the idea of myriads 
of worlds existing throughout the universe. ‘To 
illustrate this position, in a few instances, is the 
object of this chapter; and as the passages of 
Scripture in which this sentiment is embodied are 
more numerous than is generally apprehended, I 
shall select only a few of them as the subject of 
comment and illustration. , 

The first passage on which I shall offer a few 
remarks is Psalm viii, 3, 4: “When I consider 
thy heavens, the work of thy fingers, the moon 
and the stars, which thou hast ordained: what is 
man, that thou art mindful of him! or the son of 
man, that thou visitest him! : 

When composing this hymn of praise to God, 
the Psalmist evidently appears to have been con- 
templating, with intelligence and pious emotion 
the glories of the nocturnal sky—the moon walk. 
ing in brightness along the canopy of heaven, and 
the stars and planets diffusing their luster from 
more distant regions. Viewing those resplendent 
orbs, his thoughts seem to have taken a fli 
the regions of immensity, and by the cat 
his rational powers, and aided by the 
inspiration, he takes an expansive view 
multitude, the magnitude, and grandeur of 
those magnificent orbs which roll in the distant 
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tracks of creation. Overwhelmed with his views 
of the immensity of the universe, and of the per- 
fections and grandeur of its Creator, he breaks 
out into this striking exclamation, “ Lord! what 
is man, that thou art mindful of him! or the son 
of man, that thou visitest him!” Surveying 


with his intellectual eye the boundless extent of. 


God’s universal empire, he shrinks, as it were, 
into nothing, and seems almost afraid lest he 
should be forgotten or overlooked amid the im- 


mensity of beings over which the Divine govern-. 


ment extends. Now, there could be no emphasis 
ov propriety in this exclamation, if the inhabi- 
tants of this globe were the only rational beings 
that peopled the material universe; for, if man is 
the principal inhabitant of creation, it could be 
no matter of wonder and astonishment that God 


should be ‘‘ mindful of him,’ and exercise toward’ 


him a special regard and superintending care. 


Such a minute attention and affectionate regard 


is nothing more than what we should have natu- 
rally expected. But, if the immensity of space 
be diversified With ten thousand times ten thou- 
sand worlds, replenished with rational inhabitants, 
as science and right reason demonstrate; if 
the race of Adam appear no more in propor- 
tion to the beings that people the amplitudes 
of creation, than as a drop to the: ocean, then 
the Divine condescension appears truly won- 
derful and astonishing,—that, from the hights 
of his glory in the heavens, the Most High should 
look down with an eye of complacency on the 
puny inhabitants of earth, and regard them with 
a Father’s attention and care. This is evidently 
the leading idea which the pious exclamation of 
the Psalmist is intended to convey; and therefore, 
if this globe were the only or the principal abode 
of rational beings, such language would be mere 
hyperbole, or something approaching to bombast, 
which would be inconsistent with the veracity 
and solemnity of an inspired writer. 

It appears, then, that the passage under con- 
sideration is not only consistent with the doctrine 
of a plurality of worlds, but necessarily embodies 
in it the idea of the Divine empire being indefi- 
nitely extended, and comprising within its. range 
numerous orders of exalted intelligences. It 
likewise teaches us, that while the Almighty has 
diversified the fields of immensity with innume- 
rable worlds; that while he sits enthroned on the 
magnificence of his works in the distant regions 
of his creation, and governs the affairs of un- 
numbered orders of intellectual existence, he also 
exercises the minutest superintendence over every 
world he has created, however diminutive in com- 
parison of the whole. His eye rests.on the hum- 
blest and the minutest of its objects, and his 
Spirit watches over it as vigilantly as if it formed 
the sole object of his physical and moral adminis- 
tration; so that neither man nor the smallest 
microscopic animalcule are overlooked amid the 
multifarious objects of the Divine government. 
This is an attribute peculiar to the Most High, 
which flows from *the immensity of his nature 
and the boundless knowledge he has of all his 
works, and which gives us a more glorious and 
sublime idea of his character than if his regards 
were confined to one department of his empire, 
or to one order of his creatures; and in nothing 
is the Divine Being so immensely separated from 
man, or from any other rank of intelligent exis- 
tence, as in the display he gives of this wonderful 
and incommunicable attribute. By overlooking 
‘this peculiar characteristic of the Divinity, and 
attempting to compare his procedure with the 
limited conceptions of our own minds, we are 


‘hills im a balance.’’ 
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apt to indulge in very contracted and erroneous 
views respecting his nature and universal govern- 
ment, as well as in regard to the revelations of his 
word and the dispensations of his providence. 
he next passage I shall notice is Isaiah xt, 15, 
17. ‘Behold, the nations are as a drop of a 
bucket, and are counted as the small dust of 
the balance.” “All nations before Him are as 
nothing, and they are counted to him less than 
nothing and vanity.” Sg 
In the chapter from which these words are 
taken, the prophet announces deliverance from 
the captivity of Babylon, and the approach of 
that period when “the glory of Jehovah shall be 
revealed, and when all flesh shall see it together.” 
—In order to obviate every difficulty that might 
seem to stand in the way of the accomplishment 
of such a glorious event, the prophet describes, in 
the most sublime language, the perfections and 
character of him by whose agency this astonish- 
ing change in the world was to be introduced. 
He is'declared to be that Almighty Being “who 
measures the ocean in the hollow of his hand, 
who meteth out the heavens with the span, who 
comprehendeth the dust of the earth in a measure, 
and weigheth the mountains in scales, and the 
The prophet likewise de- 
nounces the folly and wickedness of idolatry, by 
exhibiting the character and. operations of him 


‘whom no material images, however splendid, can 


ever represent or adumbrate. “ He sitteth on the 
circle of the sky which surrounds the ea 

the inhabitants thereof are as grassho 
stretcheth out the heavens as a curtain; h 

eth forth their host by number; he eal 

all by their names, by the greatness of his might; 
for that he is strong in power, and there is no 
searching of: his understanding.” Among these 
sublime descriptions are contained the passages | 
have quoted,—* Behold, the nations are as the 
drop of a. bucket.’ “All nations before him 
are as nothing,” &c. Such declarations could 
scarcely be made with propriety, if all the rolling 
orbs of heaven were destitute of inhabitants; for 
then it would not be true that ‘all nations are as 
the small dust of the balance,” and that they are 
“counted to Jehovah as less than nothing and 
vanity.’* They who deny the doctrine of a plu- 
rality of worlds assume the position, “that man 
holds the principal station in the material uni- 
verse;’’ but were this the case, then the nations 
of the earth, and “their multitude and glory,” 
behooved to be considered as the greater portion, 
or as one of the greater departments of the Di- 
vine empire; and if so, it would be approaching 
to extravagance and bombast for any one to 
declare that they are. only like a drop compared 
with the ocean, like a few particles of dust com- 
pared with a mighty island, or, in comparison 
with other departments, that ‘they are as nothing, 
and less than nothing and vanity.”’ 

We are here to consider the comparisons and 
contrasts drawn in those passages as referring, not 
to Jehovah, abstractedly considered, but to the 
manifestations he has given of his power, wisdom, 
and grandeur, in the scenes of the universe. 
Hence we are directed in the chapter from. which 
our quotations are taken, to “lift up our eyes on 
high,”? and contemplate “the firmament of his 
power;”’ to “behold the hosts” of resplendent 
globes which he has dispersed throughout the re- 
gions of space “ by the greatness of his strength,”’ 
and to consider that the vast extent of the celes- 
tial spaces have been “meted out with a span.’’ 
When the inspired writers demand from. their 
hearers a sentiment of reverence and admiration, 
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they do not present to them metaphysical reason- 
ings or abstract views in reference to the perfec- 
tions of Jehovah, but describe those exhibitions 
of his power and grandeur which are cal d 
to strike the senses and imagination, and to exci 
the emotion intended. Thus, when the propk 
Jeremiah wished to impress his hearers witl 
reverential sense of the greatness of God, he de- 
scribes him by the effects of his power and wisdom 
as displayed in his operations. ‘Who would not 
fear thee, O King of nations! He hath made the 
earth by his power, he hath established the world 
by his wisdom, and hath stretched out the heavens 
by his discretion. When he uttereth his voice, 
there is a noise of waters in the heavens, and he 
causeth the vapors to ascend from the ends of the 
earth; he maketh lightnings with rain, and bring- 
eth the wind out of his treasures.” 

In like manner, in the passages under considera- 
tion, we are to consider the contrast here stated as 
drawn, not between all nations and Jehovah as 
an abstract Being, whose perfections are infinite ; 
for in this respect no comparison can be made, 
but as drawn between this earth with all its in- 
habitants, and the innumerable globes which are 
scattered throughout the regions of immensity. 
And the most enlightened astronomer, after his 
boldest excursions into theillimitable tracks of cre- 
ation, could devise no language to express his emo- 
tions, and the contrast that subsists between this” 
globe and the immensity of the heavens, more 
appropriate and energetic than the passage before 
us. This world, with “all that it inherits,’ is 
here ropa as a single drop of water to the 
mighty ocean, or as a few particles of dust to the 
most spacious continents, when compared with 
the grandeur and immensity of nature; yea, to 
complete the contrast, it is “counted as: nothing 
and less than nothing and vanity.’”’ When we 
survey the vast globes which compose thé plan- 
etary system ; when we wing our flight in imagi- 
nation to the starry regions, and leave the sun and 
all his attendants behind us, until they dwindle to 
an undistinguishable point; when we prosecute 
our course through thousands of nebule, every 
one of them containing unnumbered suns and 
-‘systems$ and when the mind is bewildered and 
overpowered at the immensity of the prospect, we 
‘cannot but perceive that the language of the 
prophet is the most impressive, and the fittest that 
could have been selected; that it ismost emphatic, 
und literally true. Butif this earth were the prin- 
cipal part of God’s universe, there could be no 
propriety in such language, and it could be con- 
sidered as allied only to extravagance and pompous 
declamation—a characteristic which ought never 
to be applied to the writers of the sacred records. 

We ought likewise to consider that the contrast 
‘is not stated between the earth considered merely 
as.a material system, and the amplitudes of the fir- 
mament, but between the nations of the earth and 
the innumerable order of beings which people the 
universe, plainly implying, in my apprehension, 
that unnumbered myriads of intelligences occupy 
the celestial worlds, in comparison of which all 
who now dwell upon the earth, or who have occu- 
pied its surface since time began, are only as a 
drop to the ocean. The passage before us may 
therefore be considered as almost a direct intima- 
tion of a plurality of worlds; and, if it could be 
proved that no other worlds existed, I should 
scarcely consider the strong language here used 
as the dictate of inspiration; but when we consid- 
er what appear to be the true references of the 
prophet’s language, and the magnificent ideas 
it suggests, it conveys the most glorious and sub+ 
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lime conceptions of the grandeur of “the high 

and lofty One who inhabiteth eternity,” and 

whose presence fills the immensity of creation. 
The next passage I shall adduce in support of. 


_| the position under-consideration, is Nehemiah ix, 


6: “Thou, even thou, art Lord alone; thou hast 
made heaven, the HEAVEN OF HEAVENS, with all 
their host, the earth, and all things that are there- 
in, the seas, and all that is therein, and thou pre- 
servest them all; and the HOST OF HEAVEN Wor- 
shipeth thee.” 

Here the Most High is represented, not by a 
metaphysical exhibition of his infinity, eternity, 
and omnipotence, abstractedly considered, but by 
the manifestations he has made of himself in his 
wonderful operations; both in heaven and on earth; 
and this is the general, I may say universal, mode 
in which the sacred writers exhibit the character 
and perfections of the Deity. ‘Thou hast made 
heaven, the heaven of heavens, with all their 
hosts.” By “heaven”? is here to be understood 
the visible firmament, with all the stars and plan- 
ets perceptible by the human eye,'which is the 
sense in which the term heaven is generally taken 
when God is representedasits Creator. The ‘“‘hea- 
ven of heavens’’ is an expression which is worthy 
of particular attention, and evidently includes in 
it an idea far more extensive and sublime than 
what most readers generally attach to it. It evi- 
dently intimates that, far beyond the visible starry 
heavens which we behold, there are unnumbered 
firmaments, composed of other stars and systems 
stretching out toward infinity on either hand, 
and which mortals in their present state will never 
be able to desery. We have already attained some 
glimpses of such firmaments. More than a hun- 
dred millions of stars, in addition to those distin- 
guishable by the naked eye, are within the reach 
of the telescope, if all the regions of the sky were 
by this instrument thoroughly explored. We be- 
hold several hundreds, and even thousands of ne- 
bule in different spaces of the heavens, each of 
them - consisting of thousands of stars, which 
would form a firmament as glorious and expansive 
as that which appears toa common observer in 
the midnight sky; so that were we removed from 
one of those nebule to another, we should behold 
at every stage a new firmament, composed of stars 
or other luminaries altogether different from what 
we had seen before, or from what we perceive in 
the firmament which is visible from our globe— 
These facts, which have been brought to light by 
the discoveries of modern astronomy, while they 
display the infinite power and grandeur of the 
Divinity, serve likewise to illustrate many of the 
declarations of his word, and particularly such 
expressions as that before us,—‘the heaven of 
heavens,” ‘the boundless empire of the “King 
eternal and invisible,”? in which he reigns over 
unnumbered intelligences. The same emphatical 
expression is used in the prayer of mon at the 
dedication of the temple: “But will God in very 
deed dwell on earth? Behold, the heaven and 
heaven of heavens cannot contain thee!”’ imply- 
ing that far beyond the range of the material 
universe, vast and extensive as it is, the great Je- 
hovah resides in the glory of his invisible attri- 
butes, filling immensity with his presence. 

By ‘the host of heaven” is doubtless to be un- 
derstood the inhabitants of those numerous worlds 
and vast regions here designated by the most em- 
phatic expression which could be select d, ‘the 
heaven of heavens ;” intimating that the same 
Almighty Being who launched into existence those 
innumerable globes also replenished them with 
countless orders of intelligent existence, capable 
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of enjoying his bounty, and offering to him a 
tribute of adoration. Hence it is here declared, 
“the host of heaven worshipeth thee ;’? evidently 
mplying, if there is any rational idea to be elicited 


from the passage, that the bodies which compose | 


“the heaven of heavens” are occupied with in- 
habitants; that these inhabitants are endowed 
with capacious powers of intellect; that their 
numbers correspond with the amplitude of the 
regions which they occupy ; that most, if not all 
of them, are invested with the attribute of moral 
perfection, and are consequently in a state of hap- 
piness; that. they employ their, faculties in con- 
templating the perfections and operations of their 
Creator ; and that they magnify and adore him in 
the loftiest strains, as the center peers of all 
their felicity : all which appears to be implied in 
the passage, “the host of heaven worshipeth 
thee.’ For no being can with propriety be said 
to worship Jehovah, unless such as are endowed 
with moral and intellectual powers, capable of 
appreciating his perfections, as displayed in the 
universe, and of perceiving that he is worthy of 
all homage and adoration. In accordance with 
such views the Psalmist, when his soul was in- 
spired with the higher strains of devotion, in a 
sublime apostrophe, calls upon the whole intelli- 
gent universe to adore the name of Jehovah :— 
* Praise ye Jehovah from the heavens; praise him 
ye heaven of heavens,’’—or, ye inhabitants of 
those higher regions,—‘ praise him, all ye his 
angels; praise him, all ye his hosts. Let them 
praise the name of the Lord, for his name alone 
is exalted, and his glory is above the earth and 
heaven.”’ If therefore there were no other worlds 
than that on which we dwell, such magnificent 
expressions would lose all their sublimity, would 
be almost without meaning, and might be regarded 
rather as the turgid exclamations of an enthusiast 
than as the sober dictates of inspiration. But 
when we take into view the immensity of the 
universe, and the numerous worlds and beings it 
contains, such expressions, though among the 
strongest which human language can furnish, fall 
far short of communicating the lofty ideas they 
are intended to represent. 

Such passages'as the following may likewise be 
considered as embodying views of the same de- 
scription :—Psalm ciii, 19,—“ The Lord hath pre- 
pared his Turone in the heavens; and his king- 
dom ruleth over all.” 

This, along with a number of similar passages 
interspersed throughout the Scriptures, evidently 
implies that the heavens form the principal part of 
the Divine empire, compared with which, this 
earth is but as a point, and “all its inhabitants 
reputed as nothing.’ They are represented as 
the chief and appropriate residence of Jehovah, 
where he displays the glory of his perfections to 
a ares eae Hence he is declared 
to have “established his throne in the heavens,” 
intimating, that it is in those higher and more 
expansive regions that the principal arrangements 
of his government have been made, that the be- 
neficence and rectitude of his character are mani- 
fested, and that the grandeur of his moral admin- 
istration is most extensively displayed. But it is 
evident, that where there are no intellectual be- 
ings, there can be no moral government; and 
the plore, if the Almighty has a government in 
the ] eavens, these heavens must be peopled with 
belameen owed with moral and intellectual facul-_ 
ties, capable of being the subjects of a moral ad- 
ministration. To suppose a government without 
subjects, is evidently preposterous and absurd. It 
is added, “ His kingdom ruleth over all.””? Where- 
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ever these expansive heavens extend, and however 


numerous and august the worlds and systems 
which lie within their range, they ll under the 
s intendence and sway of the Divine govern- 


which extends its care and moral energies 
the remotest regions of the universe. But 
there can be no kingdom without rational and 
1 subjects, therefore, wherever the kingdom 
of Jehovah extends throughout the illimitable 
spaces of immensity, there must be myriads of 
beings endowed with rational and moral natures. 
Similar remarks might be made upon such decla- 
rations as the following: “The Lord, he is God 
in the heaven aboye,”’ intimating his rule or do- 
minion over the worlds on high: ‘Behold the 
heaven and the heaven of heavens is the Lord thy 
God’s,”’. intimating, likewise, that he presides in 
high authority over all the beings they contain; 
“Thine, O Lord, is the greatness, and the glory, 
and the majesty; for all in heaven and in earth is 
thine. Thine is the kingdom, O Lord, and thou 
art exalted above all;’’ “‘ Heaven is my throne and 
the earth is my footstool;”* “His kingdom is an 
everlasting kingdom;”’ “ His dominion is an ever- 
lasting dominion;” and “ He-doeth according to 
his will in the army of heaven, and among the ins 
habitants of the earth.’? All these, and similar 
passages, imply rule and dominion over the inhab- 
itants of ‘the heavens; and consequently intimate 
that the celestial worlds are occupied by the sub- 
jects of the Divine government. It is not impro- 
bable that the expression which so frequently oc- 
curs in Scripture, “ The Lord of hosts}’ or the 
Lord of armies, has a particular reference to. the 
universal dominion of Jehovah over the countless 
myriads which people the distant regions of crea- 
tion. 4 

Psalm exlv, 9: ‘The Lord is good to all; and 
his tender mercies are over all his works.’ 

The goodness of God, in innumerable modes 
and instances, is displayed, not only toward man, 
but to all the diversified orders of animated exist- 
ence in this lower world. But it is not confined 
to this terrestrial sphere, but is diffused wherever 
his wisdom and omnipotence have prepared hab- 
itations for sensitive and intellectual beings. 
Hence it is here declared, that ‘‘his tender mer- 
cies,’’-or the emanations of his goodness and be- _ 
neficence are diffused “‘over all his works;”’ imply- 
ing that throughout the whole range of the 
material system, however far it may extend, the 
beneficence of the Deity is displayed to numerous 
ranks of his sensitive and intelligent offspring; 
for unless such beings exist throughout all places 
of his vast dominions, there could be no scope for 
the exercise of his benevolence, and of course, it 
could not be said, with propriety, to extend “over 
all his works.’? In the same point of view we 
may consider an analogous expression in Psalm 
eviii, and other places of Scripture,—“Thy mercy 
is great above the heavens;’’ or, as Mr. Locke 
translates it, “Great. is thy Bsounry above the hea- 
vens;”’ an expression which leads us to conelude, 
that far beyond these visible heavens which the 
unassisted eye beholds, and even beyond the 
reach of all the orbs which the telescope has en- 
abled us to descry, the Divine goodness shines in 
rich manifestations, diffusing felicity and ecstatic 
joy among unnumbered legions of happy exist- 
ence; for “bounty’”’ or “goodness,’? can have a 
relation only to such beings. 

In the following passage of Psalm cxiv, 10- 
13, it is declared, “ All thy works shall praise 
thee, O Lord, and thy saints shall bless thee.— 
They shall speak of the glory of thy kingdom, 
and talk of thy power; to make known to the 





sons of men his mighty acts, and the glorious 
majesty of his kingdom. Thy kingdom is an 
ngdom,”” &c. * 


everlastin . de: 
This tonne may be considered as embodying 


a prediction that in the future ages of thagry C: 
men of piety will acquire more elevated and ¢ 
prehensive views of the extent and the grand 
of the universal kingdom of Jehovah, and 
display a more enlightened zeal than in ages past, 
in exhibiting to their fellow-men the august ope- 
rations of Omnipotence, and the magnificence of 
that empire over which the Most High presides.— 
“They shall speak of the glory of Jehovah’s king- 
dom, and talk of his power.” If this kingdom 
were chiefly confined to the evanescent speck of 
efrth on which we live, it would scarcely be 
worthy of the epithets which are here bestowed 
uponit. Itisa kingdom of Guory; it is a king- 
dom in which are displayed mighty acts or opera- 
tions ; it is a kingdom of glorious majesty; it is a 
kingdom in which are displayed “power,” and 
“greatness which is unsearchable;” it isa “king- 
dom of all ages,’ and its administration will be 
earried forward throughout all the revolutions of 
eternity—“ thy kingdom is an everlasting king- 

~ dom.” Were its government conducted chiefly 
in reference to earth and its inhabitants, such 
descriptions of its grandeur could scarcely. be ex- 
pected from inspired writer's, nor would such a 
limited kingdom correspond to the majesty of an 
infinite, omnipotent, and eternal Being, who has 
the range of immensity as the theater of his ope- 
rations. But when we contemplate the universal 
kingdom of Jehovah extending throughout the 
unlimited regions of space; when we behold it 
filled with worlds of immense magnitude, and 
with systems of worlds in such a multitude and 
variety that no man can number them, we per- 
ceive at once that such a kingdom warrants the 
application of such lofty epithets and expressions 
as are here used; that it is indeed a kingdom dis- 
playing omnipotent “‘ power,”’ and “greatness un- 
searchable ;”’ that it is connected with “ mighty 
operations;”’ that it isinvested with “ glorious ma- 
jesty;”’ and that it is worthy ofeverlasting duration. 
But as the idea of a kingdom’ necessarily includes 
subjects, and as the multitude of subjects consti- 
tute the chief glory of an empire, so we must 
necessarily admit that all the provinces of this 
celestial kingdom are replenished with inhabitants, 
or in other words, subjects of the Divine govern- 
ment; without which it could have no “glory” 
nor ‘fmajesty,’’ nor could it with propriety be en- 
titled to the designation of a “kingdom.” 

Such passages as the following may likewise 
be considered as corroborating the preceding po- 
sitions: Psalm exiii, 4-6, “Who is like unto 
the Lord our God, who dwelleth on high? The 
Lord is high above all nations, and his glory above 
the heavens: He humbleth himself’ to behold the 
ihings that are in heaven and in the earth.’ « Thy 
goodness is great above the heavens, and thy truth 
reacheth to the skies. Thou are exalted, O God, 
above the heavens,” &c. 

These passages, and others of a similar import, 
embody the general idea that the ornnipotence and 
grandeur of the Divinity are displayed in regions 
far beyond that firmament which is visible from 
our globe by common observers, yea, beyond the 
utmost limits to which telescopic discoveries have 
conducted us; for “ his glory is above,” or beyond 
“these heavens.” And if nothing but empty 
space existed beyond these limits, or mere matter 
without mind, it ould scarcely be said that the 
Divine glory is displayed beyond these heavens. 
It is further stated that the glory of the Almighty 







SIDEREAL HEAVENS. 


isso expansive, and that his universal kingdom 
extends through regions so immeasurably distant 
that he may be said, speaking after the manner 
of men, “to humble himself when he beholds the 
objects in the heavens’? which lie within our obser- 


n-| vation. This declaration contains not only a 
| sublime representation of the magnificence of the 


Divine nature and operations, but appears to re 
to embody in it a demonstration of what we 
formerly asserted as highly probable—namely, that 
that portion of the universe which lies within the 
range of telescopic vision, and which contains so 
many millions of splendid suns and systems, is 
but a small part of the universal kingdom of Je- 
hovah, compared with what lies beyond -the utmest 
boundaries of human vision; for he is here repre- 
| sented as humbling himself when he looks down 
from the remoter glories of his empire on all that 
is visible to the view of mortals. To the same 
purpose is the pious exclamation of the Psalmist 
‘in the 8th Psalm: “O Lord, our Lord, how excel- 
lent is thy name in all the earth! who hast set thy 
glory above the heavens!” And if the glory cf 
the Divinity be manifested in regions far beyond 
the visible firmament, we may rest assured that 
\ it consists in displaying his perfections, and com- 
municating happiness to innumerable orders of 
rational beings, who are the subjects of his moral 
government. : 

I'shall only further offer a few cursory remarks 
on the following passages :—Psalm xix, 1, “ The 
heavens declare the glory of Ged,’ &c. The 
word glory in this and similar passages, when ape 
plied to the Divinity, denotes the display of his 
wisdom, goodness, omnipotence, and other attri- 
butes. The heavens, with all the host of rolling 
orbs which they contain, are here declared to 
manifest the “glory,” or the infinite perfections, 
of Hira ‘who formed them. ' The. number and 
magnitude of the opaque and luminous globes 
contained within the vast expansion of these hea- 
vens, and their astonishingly rapid motions, evi- 
dently proclaim his omnipotence; but if those 
bodies accomplished no end corresponding to the 
extent and grandeur of the means employed ; if 
they were all so many expansive deserts, without 
any relation to intellectual existence, they could 
afford no evidences of wisdom and beneticence, 
and consequently could not be said, with any 
show of reason, to “declare the glory of God,” 
In the visions recorded in the Book of Revelation, 
the celestial inhabitants are represented as falling 
down before the throne of the Eternal in acts-of 
adoration, and proclaiming, “Thou art worthy, 
O Lord, to receive glory, and honor, and power; 
for thou hast created all things.’ And in another 
scene they are introduced as celebrating with 
rapture the Divine operations: “ Great and mar- 
velous are thy works, Lord God Almighty.*— 
* Blessing, and glory, and wisdom, and thanks. 
giving, and honor, and power, be unto our God 
for ever and ever.’ Similar remarks to the above 
might be made in reference to these ascriptions 
of praise and adoration. If creation were a kind 
of chaos, or wilderness void of inhabitants, and 
if wisdom, design and goodness were not display- 
ed in the Divine arrangements, there would be 
little to excite the admiration and devotional rap- 
ture of superior intelligences; and they could not 
be said with propriety to ascrike wisdom, and 
glory, and thanksgiving to God, while they b eld 
no display of some of these attributes in the 
mightiest of his works. But we are told in various 
passages of Scripture that the Most High “estab- 
lished the world,’ or the universe, “by his 
wisdom, and stretched out the heavens by his 
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understanding.”? In Psalm exlvii, 4, it is de- 
clared—* He telleth the number of the stars; he 
calleth them all by their names.” It is evident 
that we are not to consider this declaration as ex- 
pressive merely of an arithmetical idea ‘or some- 


thing similar to the practice of an astronomer, | 


who distinguishes the stars by certain letters, char- 
acters or appellations; but ‘as expressive of the 
intimate knowledge which the Almighty has’ of 
all those mighty orbs wherever dispersed through- 
out the regions of infinitude, and likewise his 
perfect acquaintance with all the’ intellectual 
beings, and the special arrangements connected 
with every one of them—a circumstance which 
conveys a most sublime idea of the omniscience and 
omnipresence of the Deity. Hence, in the words 
immediately following, the mind of the Psalmist, 
overpowered with this idea, bursts forth in this 


exclamation, “ great is our Jehovah, and of great. 


power; his understanding is infinite.” 

In the Epistle to the Hebrews, chapter i, 2, and 
xi, 3, a plurality of worldsis declared: “Through 
faith we understand that the worlds were framed 
by the word of God, and thatthe things which 
are seen were not made of things that do appear.” 
The Greek word amy, in this passage, is some- 
times used to denote an age or dispensation, but 
is also frequently used to designate the material 
world; in which sense it must be taken in the 
passage before us, as is evident from its con- 
nection, and from the subject on which the apostle 
is treating. It is to the visible or material world 
that our attention is here directed as having been 
produced from an invisible cause. The term 
asyee being used in the plural number, evidently 
intimates that there are more worlds than one, 
and that there may be thousands or millions; but, 
independently of this direct intimation of a plu- 
rality of .worlds, the passages formerly quoted, 
when viewed in a proper light, and ‘considered in 
all their references and bearings, may be consi- 
dered as conclusive proofs of the same position, 
and as intimating to us, not simply a plurality of 
worlds, but extending our views of their number 
and magnificence as far as science has yet con- 
ducted us, and even beyond the range of astrono- 
tical discovery; for we are told that the Divine 
perfections are displayed “above,” or beyond, 
the utmost range of * the visible heavens.” 

Many other passages beside the above might 
have been pointed out as bearing on the same 
subject, but the remarks already made on the pas- 
sages which have been selected may serve as a 


| ing, by his moral government and arran; 





key to illustrate many others, as they happen to 
occur to the intelligent student of the Scriptures. 
We read, for example, of the Almighty “ operat- 
ments,’? 
“among the army,’’ or armies, “of heaven,” 
yell as “among the inhabitants of the ‘earth;”’ 
al id that the whole population of our world “is 
reputed as nothing in his sight.’ We find in 
different portions of the psalms, the inhabitants of 
the heavens, and “the heaven of heavens’’—the 
“ angels who excel in strength’’—*all his hosts,” 
or legions of intelligences, “in all places of his 
dominions, who do his pleasure, hearkening to 
the voice of his word,’’—we find all these ranks 
of beings called upon to join in one united chorus 
ef praise and thanksgiving to “Him whose name 
alone is exalted, and whose “glory is above the 
earth and ‘heaven.’? “We read in the Book of 
Job, among many other descriptions of the gran- 
deur of ‘the Deity, that “by his spirit he gar- 
nished the heavens;’’ and that ‘the astonishing 
displays of his omnipotence they contain “are 
but parts of his ways,”’ and that “ the thunder of 
his power none can understand.” ~ All of which 
representations, and many others, may be con- 
sidered as embodying the idea, not only of a plu- 
rality, but of myriads of worlds existing in the 
universe. is 
There is one general remark which may be ap- 
plied to all that we have stated in this chapter, 
and that is—It is not necessary to suppose that the 
inspired writers had revealed to them all the wonders 
of modern astronomy, They appear, in some in- 
stances, to have been ignorant of the precise mean- 
ing and the extensive references of the language 
they used. The prophets are said to have ‘‘in- 
quired and searched diligently what manner’ of 
time the spirit of ‘Christ which was in them did 
signify, when it testified beforehand the suffer- 
ings of Christ andthe glory that should follow;” 
intimating that they were partly unacquainted 
with the precise references of the predictions 
they uttered. They were only the amanuenses 
of the Divine Spirit, and were directed to such 
language as was accordant with the Divine eco- 
nomy and with the facts existing in the universe, 
although they themselves might not be aware of 
the grandeur of those objects to which their ex- 
pressions referred; and the correspondence of 
their language with the phenomena of the hea- 
vens and the earth, and the discoveries of modern 
times, constitutes one evidence among others of 
the truth of Divine Revelation. 





CHAPTER. XVIII. 


ON THE PHYSICAL AND MORAL STATE OF THE BEINGS THAT MAY INHABIT 
OTHER WORLDS. 


On the-enunciation of this topic, some readers 
will probably, be apt to:surmise, that the author 
is attempting to go beyond the range of subjects 
within which the human understanding should 
be confined. We have never seen the inhabitants 
of other worlds; we have been favored with no 
special revelations respecting them; we have not 
even caught a glimpse of the peculiar scenery of 
the globes in which they reside, excepting a few 
portions of their celestial phenomena; and while 
we are Chained down by the law of gravitation to 





this sublunary sphere, we cannot fly on the 
wings of a seraph to visit any of the distant orbs 
of the firmament. It is true, that on such a sub- 


ject we cannot attempt to descend into particu- 


lars. But there are certain general and admitted 
principles on which we may reason, and there are 
certain phenomena and indications’ of design ex- 
hibited in the structure of the universe from 
which certain general conclusions may be de- 
duced; beyond such generalities*I do not intend 
to proceed, nor to indulge in vain conjecture. 
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There are many things of which we have ac- 
quired a certain degree of knowledge, and yet 
have never seen. We do not see the air we 
breathe, nor most of the gaseous fluids; we do 
not see the principle of life, or the rational spirit 
which animates our bodies; we cannot pomehiy 
see the Divine Being, although his presence per- 
yades all space. But, in regard to all these objects, 


we have acquired a certain degree of information; | 


and therefore, although we have never seen any 
of the inhabitants of other planets, and never will 
solong as we remain in our present abode, yet 
we may form some general conceptions respect- 
ing them,.both as to their physical and moral state. 
All that I propose on this point may be compre- 
hended under the following general remarks: 

1. The planets, wherever they exist, in our 
own or in other systems, are inhabited by sentient 
beings. The formation of material fabrics, such 
as all the planetary bodies are, necessarily indi- 
cate that beings connected with material vehicles 
and organs of sensation were intended to inhabit 
them. The arrangements for the diffusion of 
light, heat, and the influence of the power of at- 
traction, and other material agencies, evidently 
show that such agents were intended to act on 
beings formed with organical parts and functions, 
capable of being the recipients of impressions from 
them. All such beings, therefore, must be consi- 

‘dered as furnished with bodies constructed with 
organical parts analogous to what we find in man 
or other animated beings on our globe; but the 
size and form of such bodies, the parts of which 
they are composed, the functions they respectively 
perform, their symmetry and decoration, and their 
powers of locomotion, may be very different from 
those which obtain in our sublunary world; and 
it is not unlikely, from a consideration of the 
variety which exists in the universe, that there is 
a certain difference, in these and other respects, 
in every planet and world that exists throughout 
immensity. yes 

2. The principal inhabitants of the planets and 
other worlds are not merely sensitive beings, but 
are likewise endowed with intellectual faculties. 
This may be inferred from the scenery connected 
with their habitations. Connected with the planet 
Jupiter, we behold four splendid moons, larger 
than ours, performing their revolutions around it 
im regular periods of time, without the least devia- 
tion from their courses. The general aspect of 
these moons, their diversified phases and rapid 
changes, along with their frequent eclipses, must 
produce a sublime and variegated appearance in 
the nocturnal sky of that planet; while, from the 
surface of the moons themselves, the still more 
splendid appearance of Jupiter and the phases of 
the other moons will present a nocturnal scene 
of peculiar sublimity and magnificence. Con- 
nected with the planet Saturn, we find scenes still 
more august and diversified; beside seven large 
moons, two resplendent rings of vast extent sur- 
round the body of this planet, producing the most 


sublime and diversified phenomena, both to the- 


planet itself and to all its satellites, adorning the 
firmaments of those bodies with a splendor and 
magnificence of which we can form but a faint 
conception.* Were we permitted minutely to 
inspect the surfaces of these planets, we should 
doubtless find many beautiful arrangements in the 
scenery of nature with which they are adorned, 
probably far surpassing in picturesque variety and 
grandeur what appears on the surface of our 





* For a particular description of the scenes here alluded | Others, as small as emmets.” 


to, the reader is referred to “ Celestial Scenery,” chap. viii. 
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globe. When we inspect the surface of the moon 


‘through a good telescope, we behold a beautiful 


diversity of extensive plains, of lofty mountains, 


‘in every variety of size and form—of plains and 


valleys surrounded with circular ramparts of hills 
—of mountains towering far above, and vales and 
caverns sinking far below the general level of the 
lunar surface, with many other varieties; and we 
have only to suppose the general surface of that 
orb adorned with vegetable productions somewhat 
analogous to those of our globe, in order to present 
a scene of picturesque beauty and magnificence. 
Now, it appears a natural, if not a necessary 
conclusion, that such grand and beautiful scenes 
could only be intended for the contemplation and 
enjoyment of beings endowed with rational na- 
tures, since mere sentient beings, such as the 
lower animals in our world, are insensible either 
to the beauties of the vegetable kingdom or the 
glories of the spangled firmament. If our globe 
had been created merely for the support of such 
beings, it is not. probable that it would have been 
adorned with all the beautiful arrangements which 
now exist, and the splendid and diversified scenes 
with which it is furnished. The lion, the tiger, 
and the hyena find every accommodation they 
desire in dens, deserts, thickets, and forests; and 
they appear to feel no peculiar enjoyment in 
flowery fields, expansive lakes, beautiful _land- 
scapes, or the sublimities of a starry firmament. 
If, then, there were no rational intelligences in 
the planetary worlds, we cannot suppose that so 
many grand and magnificent arrangements as wi 
find existing would have been made; particularly, 
we cannot suppose that the motions of the planets 
and their satellites would have been so accurately 
adjusted as to perform their revolutions with so 
much precision as we find they do. The regu- 
larity and precision of these motions are evidently 
intended to serve as accurate measures of time or 
duration,—a circumstance which must always be 
a matter of importance to rational beings where- 
ever existing, but which seems to be scarcely 
attended to, and perhaps not in the least appreci- 
ated, by merely sentient beings, such as the lower 
orders of animated nature which exist around us. 
From what has been now stated, we may con- 
clude that the inhabitants of the planets are not 
purely spiritual beings; for pure spirits, entirely 
divested of material vehicles, cannot be supposed 
to have a permanent connection with any material 
world or systeni; nor could they be supposed to 
be affected by air, light, colors, attraction, or 
other material influences, which operate on the 
surfaces of all the planetary bodies. If pure 
intelligences, disconnected with matter, exist in 
the universe, they must be conceived to have a 
more expansive range than the limits of any one 
globe, and those material agencies which affect 
the organs of sensitive existence cannot be sup- 
posed to operate upon them; and, consequently, 
their modes of perception must be altogether dif- 
ferent from those of organized intelligences. We 
may therefore with certainty conclude that the 
intelligent beings connected with the planetary 
worlds, either of our own or of other systems, are 
furnished with bodies, or corporeal vehicles of 
some kind or other. These may differ in size and 
form in different planets; perhaps their size ma 
depend on the amplitude of space which the dif- 


ferent planets may contain. But I cannot acqui- 


esce in a supposition lately thrown out by a 
certain reviewer, “that in some worlds the inha- 
bitants may be as large as mountains, and in 
In the one case, 
comparatively few inhabitants could live in a 
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world where every one was a walking Mount 
Blane or Mount Etna; and it would be contrary 
to all the known arrangements of the Creator; 
who appears to act on the principle of compres- 
sing into a small space the greatest degree of sen- 
sitive and intellectual enjoyment. Beside, such 
a huge mass of matter as a mountain is not only 
unnecessary, but in all probability would be highly 
injurious to the exercise of the intellectual facul- 
ties. In the other, case, were rational beings as 
small as ‘emmets, they could neither contemplate 
the beauties and sublimities of the scene of nature 
around them, nor the glories of the starry firma- 
ment; their range of vision could extend only a 
few feet or yards around them, and they never 
could be able to explore the nature, extent, and 
peculiarities of scenery of the world they inha- 
bited. So that-all such suppositions are evidently 
extravagant and absurd, being directly contrary 
to the proportion and harmony which exist in the 
universe, and which characterize all the arrange- 
ments of the Creator. In regard to the powers 
of locomotion, there may be considerable differ- 
ences in different worlds. In many instances 
there is reason to believe their inhabitants are 
enabled to transport themselves from one region 
to another with a velocity far surpassing the loco- 
motive powers of man. In the planet Venus some 
of the mountains are reckoned to be twenty-two 
‘miles in perpendicular elevation, from the top of 
which eminences the most sublime and diversified 
prospects must be enjoyed; and in order that its 
inhabitants may be enabled to ascend with ease 
such lofty elevations, it is not unreasonable to 
believe that they are endowed with powers of 
motion far superior to those of the inhabitants 
of our globe. 

3. The inhabitants of the planets are furnished 
with organs of sensation, particularly with the 
organ of vision. This may be certainly deduced 
from the fact, that there are connected with the 
planets arrangements for the equable distribution 
of light. The sun, the source of illumination, is 
placed in the center of the system for diffusing 


light in certain proportions over the surfaces of. 


all the planets, their satellites, and their rings. 
Each planetary body revolves round its axis, in 
order that every part of its surface may alternately 
enjoy the benefit of the solar radiation. Around 
the larger planets are moons for the distribution 
of light in the absence of the sun; and one of 
them is invested with a double ring, which reflects 
the solar rays during the night both on the surface 
of the planet itself and on the surfaces of its 
moons. This diversified apparatus for the diffu- 
sion of light evidently appears to be an arrange- 
ment of means in order to the accomplishment of 
an important end; for it would be a reflection on 
the character of the All-wise Contriver to suppose 
that means have been arranged where uo appro- 
priate end is intended to be accomplished; but all 
the arrangements for the regular and equable dif- 
fusion of light have been made in vain, if there 
be no eyes or organs of vision on which light may 
act; for mountains, and vales, and barren deserts 
do not require its regular influence. That there 
are beings furnished with visual organs through- 
out all the worlds and systems of matter in the 
universe appears from the consideration, that not 
only in our own system, but among the myriads 
of fixed stars dispersed throughout immensity, 
provision is made for such organs in the existence 
of light, which is a substance that appears to be 
universally diffused throughout creation. It is 
found by experiment, that the light which radiates 
from the most distant star is of the same nature 
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as that which emanates from the sun. It is re- 
fracted and reflected by the same laws, and con- 
sists of the same colors, as that which illuminates 
the bodies which compose the solar system, and 
which throws a luster on the objects immediately 
around us. The mediums of vision must. there- 
fore be acted upon by light, in the most. distant 
regions of creation, in nearly the same manner 
as with us, although there may be numerous va- 
rieties and modifications of the visual organs, so 
as to render vision far more perfect and extensive 
than in the case of the inhabitants of our globe. 
We find that there is an immense variety in the 
modes of vision among the lower animals. Some 
of the smaller insects have their eyes nearly of a 
globular form and very small, .so that they can 
see only a few inches around them; while the 
eyes of other animals, such as the eagle, are so 
constructed that they cam perceive their prey ata 
great distance, and from a very elevated pusition. 
Some animals have only one or two visual organs 
or eye-balls, as man, birds, and quadrupeds; others 
have eight, as in the case of spiders; and others 
have several hundreds, and even thousands, of 
transparent globules, each of which is capable of 
forming a distinct image of any object, as is the 
case with flies, butterflies, and other insects. Ali 
these diversified constructions of the organs of 
vision, however, perform their functions accord- 
ing to the same invariable laws of optics. 

But although light must act on the eyes of all 
organized beings in a manner somewhat similar, 
or at least analogous to what it does on our 
organs, yet there may be certain configurations 
of the organ of vision by which a more glorious 
and extensive effect is produced than by the 
human eye. |The inhabitants of some other 
worlds, instead of being confined in their range 
of vision as we are, may be able to penetrate 
through space to an indefinite extent, and to per- 
ceive with distinctness all the prominent objects 
connected with neighboring worlds; and even the 
peculiarities of distant suns and systems may be 
within the range of their view. ‘The difference 
between the eye of an insect, which sees only an 
inch or two around it, and the eye of a man, 
which can grasp at once an extensive landscape, 
is perhaps as great as the difference between the 
vigor and extent of human eyes and such organs 
of vision as I have now supposed.. And who 
shall set boundaries to the mechanisms of infinite 
wisdom, especially when we consider the varieties 
which exist in our terrestrial system? It is not 
beyond the limits of probability that an inhabitant 
of Jupiter may be able to perceive and to trace 
all the variety of scenery connected with Saturn, 
and its rings and satellites, and to distinguish the 
planets that revolve around other suns, as dis- 
tinctly as we perceive with a telescope the satel- 
lites with which that planet is attended. We have 
experimental proof that the inventions of art can 
extend the range of human vision. The rings of 
Saturn, the motions of its satellites, the changes 
which happen in the belts of Jupiter—which no 
unassisted eye could ever have discerned,—and 
millions of stars a thousand times more distant 
than the limits of natural vision, have been 
brought to view by the invention of the telescope; 
which shows that the extent of human vision is 
susceptible of an indefinite increase. And if man 
can thus improve his natural vision, we need not 
doubt that the Deity has infinite resources at his 
command, and that when he pleases, he can con- 
struct visual organs of such vast and extensive 
powers as far surpass the limits of our compre- 
hension; and it is not improbable, from the vari- 
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ety already known to exist, that such organs are 
actually to be found throughout different regions 
of the universe. Our extent of vision by the 
telescope is found to depend on the extent of area 
contained in the object-glass, or speculum of that 
instrument, which enables the eye to take ina 
greater portion of rays from distant objects than 
it can do in its natural state; and therefore, if our 
eyes were formed with pupils of a large dimen- 
sion, and with a corresponding degree of nervous 
sensibility in the retina, we might be enabled to 
penetrate into space to an extent of which we 
have no conception. Such modifications of vision, 
and thousands of others, are obviously within the 
power of Him who at first organized all the tribes 
of animated existence. 

It is highly probable that it is one great design 
of the Creator to exhibit to all intelligent beings 
throughout creation a visible display of his glory 
through the medium of their visual organs; for 
where no organs of vision exist, the wonderful 
apparatus for the production and distribution of 
light so conspicuous’ throughout the universe, ex- 
ists in vain; and, therefore, if it be allowed to 
reason from the means to the end, or from the 
cause to the effect, we must admit that the uni- 
versal diffusion of light through infinite space, 
from an infinite variety of bodies, must be intend- 
ed to produce vision. throtigh the medium of or- 
gans similar or analogous to ours; in order that 
rational beings may enjoy the pleasurés arising 
from this sense, and be enabled to appreciate the 
wonders of the universe, and the perfections of 
its Creator. The variety of means and contri- 
vances for the diffusion of light:throughout crea- 
tion is therefore a demonstrative evidence both of 
the existence of intelligent beings in other worlds, 
and that they are furnished with visual organs for 
the purpose of contemplating the objects which it 
renders visible. 

4. The inhabitants of other worlds are invested 
with locomotive powers. This we may infer from 


‘the amplitude of space which every world con- 


tains, and from the consideration that they are 
social beings, and hold a regular intercourse with 
each other.. We must, indeed, necessarily sup- 
pose that there are no rational beings confined to 
one spot or point of space, as a tree, a shrub, or 
any other vegetable; for if this were the case, 
there could be no improvement either in knowl- 
edge or in moral action, the capacity of the in- 
tellect could never be expanded, the variety of 
beauties and sublimities which distinguish all the 
works of God could never be properly contem- 
plated, most of the pleasures peculiar toan intel- 
ligent being could never be enjoyed, and the man- 
ifold delights which flow from social intercourse 
and the contemplation of diversified scenes and 
objects could never be experienced. The suppo- 
sition of an incapacity for local motion is there- 
fore inconsistent with the idea of a rational be- 
ing, and almost involves an absurdity. We find, 
moreover, that in many of the planets, particularly 
in Jupiter and Saturn, there is the most ample 
space provided for exercising the powers of loco- 
motion; these two planets containing more than 
220 times the area of the earth’s surface, which 
affords a vast field for excursion, and for observa- 
tion to their inhabitants. These locomotive pow- 
ers may be very different from those of man, both 


in their fleetness and in their mode of operation. | 
We have reason to believe that in many instances 


‘they will far exceed ours in. swiftness, and in the 
ease with which they may be performed; for if 
birds and flying insects, and even certain quadru- 
peds, are endowed with powers of motion far 
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more swift and energetic than those of man, it is 


‘highly probable that rational and social beings, in 


more expansive worlds than ours, are capable of 
traversing space with much more ease and agility 
than the human inhabitants of our globe, other- 
wise they could not be supposed for ages to ac- 
complish a survey of the world in which they 
dwell, or to become acquainted with its leading 
features. Whether such motions, however, are 
performed on a principle analogous to that on 
which the wings of birds aré constructed, or on 
any other principle to us unknown, is beyond our 
province to determine. 

5. We may also infer that the inhabitants of 
other worlds are furnished with a sense corres- 
ponding to the organ’ of hearing, and a faculty of 
emitting articulate sounds. Without such a sense 
and faculty, it is scarcely possible to conceive that 
social intercourse, and a mutual interchange of 
sentiment and feeling could be carried on to any 
extent, or with any great degree of pleasure or 
improvement, among organized beings. Pure 
spirits may haye modes of intercourse and of com- 
municating thought peculiar to themselves, of 
which we can at present form no distinct concep- 
tion; but organized intelligences must necessarily 
have some material. mediums, or faculties, by 
which sentiments and emotions may be expressed 
and communicated. Some of: the planets are 
found to be environed with atmospheres; and as 
air is the medium ‘of sound in our terrestrial’ re- 
gion, it doubtless serves a‘similar purpose in other 
worlds ; and consequently we may conclude that 
the animated beings they contain are furnished 
with organs for the perception of sounds in all 
their modulations. In the representations given 
in the sacred records of the exercises of superior 
beings, they are exhibited as uttering articulate 
sounds, and joining in the harmonies of music. 
When a multitude of angels descended on the 
plains of Bethlehem to announce the birth of 
Messiah to the shepherds, they uttered articulate 
sounds, and joined in musical strains which struck 
the ears of the shepherds, and conveyed a distinct 
impression of the meaning of the sentiments com- 
municated; which circumstance leads us to con- 
clude, that superior intelligences in other regions 
express sentiments and emotions in a manner 
somewhat similar to that in which we hold inter- 


-course with one another, by the faculties of speech 


and hearing. 

6. It might, perhaps, be inferred from the rota- 
tion of the planets—which produces the alterna- 
tions of light and darkness—that their inhabitants 
are subject to something analogous to sleep, or 
stated intervals of repose. ‘This may probably be 
the case in some of the planets, such as Mars or 
Mercury, which are unaccompanied with satel- 
lites; but we know too little of the peculiar. cir- 
cumstances of other worlds to warrant us to speak 
decisively on this point, as the bodies of the in- 
habitants of other planets may be so constructed 
as not to stand in need of being daily invigorated 
by repose. as the bodies of men. Beside, the 
celestial scenery of some of the planets is so 
grand, diversified, and picturesque, that a consider- 
able part of their studies and social pleasures may 
be prosecuted and enjoyed amidst the solemn 
grandeur and beautiful diversity of .their noctur- 
nal scenes, and their contemplations directed to 
the interesting objects then presented to their 
view. This is probably the case in the regions of 


| Jupiter and Uranus,—particularly in Saturn, 


where seyen moons may occasionally be beheld in 
the nocturnal heavens, all exhibiting different 
phases;—some of them changing. their apparent 
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phases, magnitude, and motion with great rapidi- 
ty; some of them entering into an eclipse; and 
cthers emerging from it; while two stupendous 
rings stretch across the concave of the sky, pre- 
senting every moment different objects on their 
surface in the course of their rapid diurnal revo- 
lution. Such scenes will, perhaps, be more inter- 
esting to the inhabitants of this planet than all 
the splendors of their noonday;* for all the ob- 
jects on the surface of this planet, and likewise 
those on Jupiter and Uranus, will present a differ- 
ent aspect from what they do in the daytime. 
Being illuminated by the light reflected from a 
retinue of moons, and by the still more efful- 
gent splendor emitted from the spacious rings, 
every object will appear enlightened and distinct- 
ly visible, a diversity of coloring will be exhibited 
by the diversity of reflected rays proceeding from 
the different moons and rings, and the shadows of 
objects will be increased and blended together, 
and thrown in different directions, according ‘to 
the number and relative positions of the nocturnal 
luminaries which may happen to be above their 
horizon. On which account, I should be disposed 
to conclude that the inhabitants of such planets 
have their physical constitutions organized in such 
2 manner by Divine Wisdom as to fit them for 
perpetual activity, without standing in need of 
any repose similar to that of sleep. 

The above cursory remarks respecting the phy- 
sical state of the planetary inhabitants have been 
deduced chiefly from the ascertained circum- 
stances and phenomena of: the planets, and from 
the general constitution and economy of the uni- 
verse. Several other conclusions might likewise 


have been deduced, but I do not intend to enter, 


into the regions of mere conjecture. As rational 
and intelligent beings, the inhabitants of other 
worlds must necessarily be considered as prosecu- 
ting the study of useful science in reference to 
all those departments of nature which lie open to 
their inspection, and that they exercise their men- 
tal faculties in such pursuits and investigations. 
If this be admitted, then we must necessarily con- 
clude that they use all the requisite means for the 
investigation of truth, and for progressing in 
knowledge. If, for example, they engage in the 
study of astronomy (as we have reason to believe 
the inhabitants of all worlds do) they must make 
observations, both general and particular ; and in 
order to do so with accuracy and precision, in- 
struments of various descriptions are requisite, 
and the management of these requires the use of 
hands, or some bodily parts answering a similar 
purpose; for none of the lower animals on our 
globe that are deficient in such a member could 
perform the operations of art which man can per- 
form by the use of his hands. If a horse or a 
pear were furnished with the same intellectual 
faculties as the human race, and still retain its 
present organization, it could make little or no 
progress eifher in science or art, without mem- 
‘ers corresponding to human hands; and thefe- 
fore we may confidently conelude that members 
similar or analogous to these are common to us 
and to the planetary inhabitants. The study of 
astronomy likewise supposes an acquaintance with 
geometry. The truths of geometry must be the 
same in every region of the universe, and perhaps 
of equal utility io the inhabitants of the most dis- 
tant worlds as to man on earth. They are truths 
which are eternal and unchangeable, and which 
ne locality or circumstances within the iimits of 


* For a particular description of these scenes, the reader 
is referred to ‘‘ Celestial Scenery,” chap. viii. 
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; creation ean possibly alter or modify;-and_there- 


fore must be recognized, in a greater or less de- 
gree, by every rational being. The Creator him- 
self has laid the foundation of this science, for he 
presents us in his works with geometrical figures 
of various descriptions,—with circles, . squares, 
parallelograms, hexagons and polygons—with 
ellipses, spheres; spheroids, and other figures, and 
proposes them, as it were, to our study and con- 
templation. With geometry, arithmetic and othor 


sciences are intimately connected, so that. the 


study of the.one supposes thateof the other. In 
short, truth, and every branch of knowledge by 
which the mind of a rational being cam be adorn- 
ed, must be substantially the same in every world 
throughout the amplitudes of creation. 

Some persons, however, may be disposed to 
object, that the inhabitants of other worlds may 
see all truths intuitively, and that they. may have 
no need to use any means, as we are obliged to 
do, to. acquire and to make progress in knowledge, 
and that they acquire all their knowledge at once 
without any exertions, —opinions which - have 
been frequently broached by divines, in reference 
tothe happiness of the future world: But there 
appears no foundation for such opinions. We 
have reason ‘to believe that every intellectual being 
throughout creatidll exerts its powers for the ac- 
quisition of truth, and that its advancement in 
knowledge is progressive; for its faculties were 
bestowed for the very purpose that they might be 
exerted on all.the different objects and manifesta- 
tions of ‘the Divinity within its reach; and if all 
knowledge were intuitive and required ne exer- 
tion of the mental faculty, the individual would 
be reduced to something like amere machine, and 
would be deprived of the pleasures which arise 
from mental research and investigation. There 
must likewise be a progress in knowledge, arising 
from the consideration of tne immensity af the 
Divine Being, and of his works, and of the limited 
nature of finite intelligences. No finite being ¢an 
ever grasp the) incomprehensible Divinity, or the 
immensity and variety of his operations through- 
out boundless space; but it may always be advan- 
cing to a more comprehensive view of the perfec- 
tions and the empire of the Eternal, and may thus 
go on from one degree of knowledge to another, 
gradually approximating toward perfection during 
all the periods of an immortal existence, but will 
never reach it; and its happiness is connected 
with this circumstance, that it will never reach 
perfection, or obtain a full discovery of all the 
glories of the Divinity. But this gradual progres- 
sion and expansion of intellectual views will be a 
perennial source of felicity to all virtuous intel- 
ligences. Whereas, were the whole of their 
knowledge acquired at once, or after a short period 
of duration, the mind would flag, mental activity 
would cease, the prospect of future knowledge 
and enjoyment would be cut off, and misery to 
a certain extent would take possession of the 
soul. 

In’ fine, although there are, doubtless, marked 
differences between the planetary inhabitants and 
the inhabitants of our globe, and although the 
natural scenery of those worlds may be consider- 
ably different from ours, yet it is not improbable, 
were we transported to those abodes, that we 
should feel more at home in their society and 
arrangements than we are now apt to imagine, 
provided we were once made acquainted with 
their language, or mode of communicating their 
ideas. For there are certain relations, sentiments, 
dispositions and virtues, which must be common 
to intellectual and moral beings, wherever existing 
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throughout the material universe. In respect to 
bodily stature and appearance, we might be apt 
to suspect that there- would be many striking dif- 
ferences in the aspect of the inhabitants of an- 
other planet, and that strange and novel forms of 
corporeal organization would everywhere be pre- 
sented to view; yet it is just as probable that in 
such a world we should contemplate beings not 
much unlike ourselves, and animated by similar 
or analogous views, sentiments, and feelings, 
though placed in circumstances and surrounded 
with a scenery very different from those of our 
sublunary region. 

' Whether we may ever enjoy an intimate cor- 
respondence with beings belonging to other worlds, 
is a question which will frequently obtrude itself 

“on a contemplative mind. It is evident that, in 
our present state, all direct intercourse with other 
worlds is impossible. The law of gravitation, which 
unites all the worlds in the universe in one grand 
system, separates man from his kindred spirits in 
other planets, and interposes an impassable barrier 
to his excursions to distant regions, and to his cor- 
respondence with other orders of intellectual be- 
ings. But in the present state he is only in the in- 
fancy of his being; he is destined to a future and 
eternal state of existence, where the range of his fa- 
culties and his connections with other beings will 
be indefinitely expanded. “A wide and boundless 
prospect lies before him,’’.and during the revolu- 
tions of an interminable duration, he will, doubt- 
less, be brought into contact and correspondence 
with numerous orders of kindred beings, with 
whom he may be permitted to associate on terms 
of equality and of endearing friendship. All the 
virtuous intelligences throughout creation nfby 
be considered as members of one great family, 
under the peculiar care and protection of the 
Universan Parent ; and it is not improbable, that 
it is one grand design of the Deity to promote a 
regular and progressive intercourse among the 
several branches of his intelligent offspring, 
though at distant intervals and in divers manners, 
and after the lapse of long periods of duration. 

Such an intercourse may be necessary, in order 
to the full expansion of the moral and intellectual 
faculties, and to the acquisition of all that know- 
ledge which relates to the attributes of the Divin- 
ity, and the physical and moral government. of 
the universe. For this purpose it may be neces- 
sary that branches of the universal family that 
have existed in different periods of duration, and 
in regions widely separated from each other, 
should be brought into mutual association, that 
they may communicate to each other the results 
of their knowledge and experience, the diversity 
of physical and moral circumstances in which 
they have been placed, and the different arrange- 
ments of God’s moral government to which they 
have been respectively subjected. Such views 
correspond with the representations given in 
Scripture in reference to the heavenly state. The 
spirits of “ just men made perfect’? are represent- 
ed as joining the society of “an innumerable 
company of angels,’? which are only another or- 
der of rational beings; and in the visions of 
celestial bliss, recorded in the book of Revelation, 
both men and the angelic hosts are exhibited as 
forming one society, and joiningin unison in cel- 
ebrating the perfections of Him who sitteth on the 
throne of the universe. 

But should the laws of the physical system, and 
the immense distances which intervene between 
the several worlds, prevent such associations as I 
have now supposed, there may be another econo- 
my, superior to the physical, which may consist 
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with the most extensive and intimate intercourse 
of all rational and virtuous beings. _ There may 
be a spiritual economy established in the uni- 
verse, of which the physical structure of creation 
is the basis or platform, or the introductory scene 
in which rational beings are trained and prepared 
for being members of the higher order of this 
celestial or intellectual economy. It appears high- 
ly probable that the first introduction of every 
rational creature into existence is on the scene of 
a physical economy. The diversified scenes and 
relations of the material world appear to be ne- 
cessary, in the infancy of being, to form a sub- 
stratum for thought, or to afford scope for the 
exercise of the moral and intellectual powers, or 
materials on which these powers may operate, 
and likewise for exhibiting a sensible display of 
the character and perfections of the Almighty.— 
The knowledge which may thus be acquired of 
the scenes and relations of the universe, and 
the attributes and moral government of its Om- 
nipotent Author, in the course of myriads of 
ages, must be great and extensive beyond what 
we can well conceive. This knowledge and ex- 
perience of physical objects and relations may 
prepare the rational soul for entering on the con- 
fines of a higher and nobler economy, where 
immaterial scenes and relations, and particularly 
the attributes of Divinity, abstractly considered, 
may form the chief objects. of research and con- 
templation. Under such a state of economy, we 
may conceive that intellectual beings, to what- 
ever portion of the material universe they ori- 
ginally belonged, may hold the most intimate 
converse with one another, by modes peculiar to 
that economy, and which are beyond the eoncep- 
tions of the inhabitants of the physical universe ; 
so that distance in point of space shall form no 
insuperable barrier to the mutual communication 
of sentiments and emotions. 

On grounds similar to those now. stated, we 
might conceive it as not altogether improbable, 
that the spiritual principle which animates the 
lower orders of animated nature, and which in 
some cases béars a near resemblance to the reason 
of man, may be susceptible of indefinite expan- 
sion and improvement by being connected with a 
superior organization, and that such beings may 
ultimately pass through various. gradations of 
rank in the physical and intellectual economy, 
until they arrive at a station superior to that of 
the most enlightened and improved human beings. 
But as we are now bordering on the regions of 
doubt and uncertainty, suffice it to say, that it 
appears highly probable, from a consideration of 
the Divine benevolence, of the relations which 
subsist throughout the physical and intelligent 
system, and of the intimations contained in the 
records of revelation, that virtuous and holy in- 
telligences, from different regions of the material 
creation, as brethren of the same great family, 
shall, at one period or another, hold the most inti- 
mate converse and communion, and rehearse to 
each other their mutual history and experience. 
Such intercourse would evidently enhance that 
felicity which it is the great design of the Creator 
to communicate, and the means by which it may 
be effected are obviously within the limits of infi- 
nite Wisdom and Omnipotence. 


ON THE MORAL STATE OF THE INHABITANTS OF 
OTHER WORLDS. 


The moral state of intellectual beings in other 
worlds is a subject of still greater interest and im- 
portance than their physical state and constitution, 
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and the scenes of nature with which they are sur- 
rounded; for on the moral temperament of such 
beings, and the passions and affections they dis- 
play, will chiefly depend the happiness of the in- 
telligent system throughout every region of the 
universe. It is possible to suppose a region of 
creation furnished with everything that is grand, 
beautiful and magnificent, and calculated to gra- 
tify in the highest degree the senses and imagina- 
tion, and yet the abode of wretchedness and mise- 
ry. If passions and dispositions similar to those 
which actuate the most vicious and depraved class 
of mankind’ were universally to prevail in any 
world, however beautiful and sublime its physical 
arrangements, true happiness would be banished 
from its society, and misery, in all its diversified 
ramifications, would be found pervading its abodes. 
Even the tempers and dispositions which are fre- 
quently exhibited in polished society, and by some 
men who call themselves Christians and philoso- 
phers,—jealousy, emulation, envy, pride, revenge, 
selfishness, and such like,—were they to reign 
uncontrolled in any region, would soon transform 
intellectual beings into an assemblage of fiends, 
and banish true enjoyment from every department 
of the social system. 

If these sentiments be admitted, it will follow, 
that were we permitted to range through any of 
the planetary worlds, the pleasures and enjoy- 
ments of such an excursion would chiefly depend 
on the character and dispositions of those who 
accompanied us, and of the inhabitants of the 
planet through which we’roamed. Were we to 
be treated by the inhabitants of another world in 
the same way as Mr. Park was treated by the 
Moors when he was traversing the wilds of Afri- 
ca, or as a poor wretched foreigner is sometimes 
treated in our own country, we should find little 
enjoyment amidst all the beauties and novelties 
of scenery which might meet our eye in such a 
world, for upon the affections and conduct of in- 
telligent beings toward one another must depend 
the happiness of individuals, and of the whole so- 
cial system throughout every department of crea- 
tion. 

It is probable that the greater part of the inhab- 
itants of all worlds are in a state of innocence, 
or, in other words that they remain in that state 
of moral rectitude in which’ they were created; 
for we may assume it as an axiom that every ra- 
tional being, when first ushered into existence, is 
placed in a state of innocence or moral rectitude, 
without any natural bias to moral evil. ‘To sup- 
pose the contrary would be to admit that the Di- 
vine Being, who is possessed of perfect holiness 
and rectitude, infuses into rational beings at their 
creation a principle of sin, or a tendency to moral 
evil, which would be inconsistent with every 
‘scriptural view we can take of the character of 
God. Such beings, therefore, so long as they 
continue in their primeval rectitude, are in a state 
of happiness; and every arrangement of the Crea- 
tor in relation to them must be conceived as hav- 
ing a direct tendency to promote their sensitive 
and intellectual enjoyment. Moral evil, however, 
has been introduced into the universe, and we 
know by experience many of its malignant and 
miserable effects. For anything we know to the 
contrary, the operation of this principle may be 
felt in some other worlds beside our own, though 
we have reason to believe, from a consideration of 
Divine goodness, that its effects are not very 
extensive, Its introduction into the world has 
doubtless been permitted in order to bring about 
a greater good to the universe at large than could 
have been accomplished without it, in order to 
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exhibit to the intelligent system a display of the 
miserable and extensive effects which necessarily 
flow from a violation of the original moral laws 
given forth by the Creator, and to demonstrate the 
indispensable necessity of a universal adherence 
to these laws, in order to secure the harmony and 
the happiness of the intelligent universe. 

In conformity to the axiom stated above, we 
must necessarily suppose that rational beings, 
wherever existing, were created in perfect moral 
purity, and hada law or laws impressed upon their 
minds congenial to the holiness of the Almighty 
Creator, and calculated to promote the moral or- 
der of the intelligent system, and consequently 
the happiness of every individual belonging to it. 
Moral order consists in the harmonious arrange- 
ment, disposition, and conduct of intelligent be- 
ings, corresponding to the relations in which they 
stand to one another and to their Creator, and 
calculated to promote their mutual happiness.— 
Wherever moral order prevails, every being holds 
its proper station in the universe, acts according 
to the nature of that station, uses its faculties for 
the purpose for which they were originally intend- 
ed, displays dispositions and emotions toward 
fellow-creatures and the Creator corresponding to 
the respective relations in which they stand, and 
endeavors to promote enjoyment among all sur- 
rounding beings.* For the purpose of securing 
moral order, certain moral laws must be supposed 
to be promulgated by the Creator, or at least writ- 
ten upon the hearts of all rational beings, as prin- 
ciples of action, to regulate all the movements of 
the intelligent system. These laws must be sub-. 
stantially the same as to their general bearings 
throughout all the worlds in the universe. 

But, it may be asked, what are those general 
laws to which I allude, and have they ever been 
promulgated to man upon earth? I answer, they 
have actually been revealed to the inhabitants of 
our globe by the highest authority, and reason 


-can demonstrate their applicability to all worlds. 


They are these—“THou sHaLT Love THE Lorp 
THY GOD WITH ALL THY HEART, AND WITH ALL 
THY MIND, AND WITH ALI, THY STRENGTH. This is 
the first and great commandment. And-the second 
is like unto it: THou SHALT LOVE THY NEIGHBOR 
AS THYSELF.’’? These laws are not to be consider-' 
ed as confined merely to the regulation of the af- 
fections and actions of human beings, but to eve- 
ry individual of the moral system, wherever: ex- 
isting ; for we cannot for a moment suppose that 
laws directly opposite to these would be given by 
the Creator to any classof intelligences. It would 
be inconsistent with everything we know of the 
character of the Divinity to imagine that he would 
promulgate to any class of beings such laws as 
these :—Thou shalt hate'thy,Creator,” and “thou 
shalt hate all thy fellow-creatures.”” And if such 
an idea would evidently involve in it a glaring in- 
consistency and absurdity, then it follows that. the 
very opposite of such injunctions must be the 
general principles which govern the inhabitants 
of all worlds that have retained their allegiance to 
their Creator. There is not a single being possess- 
ed of a rational nature, either in the planetary 
system to which we belong or to any other system 
throughout the sidereal heavens, but is under in- 
dispensable obligations to regulate its conduct by 
the two general laws or principles to which we 
have referred, and to yield a complete and unre- 
served obedience to all that is included in such re- 





* For a particular illustration of moral order, the reader 
is referred to ‘¢ The Philosophy of Religion,” Preliminary 
Definitions, Sect. i. 
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quisitions.. Wherever such obedience is complete, 
order, harmony, and happiness are the natural and 
necessary results; but could we suppose these 
Jaws reversed, and the inhabitants of any worlds 
to act on principles directly opposite, a scene of 
anarchy, confusion, and misery would ensue, 
which would completely disorganize the social 
system, and render existence a curse rather than a 
blessing; and in worlds where those laws are par- 
tially violated, as in the world in which we dwell, 
disorder and misery will be the result in propor- 
tion to the frequency and extent of their viola- 
tion. 

These are the laws by which not only man on 
earth, but all “the principalities and powers of 
heaven,” are governed and directed, and by which 
they are bound to regulate all their thoughts, af- 
fections, and conduct. The lowest orders of ra- 


tional existence come within the range of these 


universal laws, and the highest orders of the sera- 
phim are not beyond their control. As the law 
of gravitation extends its influence throughout all 
the planetary worlds, and even to the remotest 
stars, uniting the whole in one harmonious sys- 
tem, so the law of universal love diffuses its influ- 
ence over the intelligent universe, uniting the in- 
dividuals who are subject to its sway in one har- 
monious and happy association. Hence it follows, 
that were we completely animated by this noble 
principle, and were we permitted to visit, those 
worlds where it reigns supreme, and to mingle 
with their inhabitants, we should be recognized as 
friends and brethren, and participate of all those 
pleasures and enjoyments of which it is the source. 
The full recognition, then, of the laws to which 
we have referred, and their complete and uninter- 
rupted influence over the moral powers, may be 
considered as qualifying the individual for being 
a citizen of the great moral universe, and for-as- 
sociating with all holy beings throughout the wide 
empire of omnipotence, should he ever be per- 
mitted, at any period of duration, to visit other 
worlds, and mingle with other orders of rational 
intelligences.* 

These laws, in reference to the inhabitants of 
our world, diverge into numerous. ramifications. 
The precepts of the moral law, or the ten com- 
mandments, are so many branches of moral duty 
flowing from these first principles; and in the dis~ 
courses of our Saviour and the practical parts of 
the apostolic epistles they diverge into still more 
specific and minute ramifications, bearing upon 
all the diversified relations of life and the various 





* For more particular details on this subject, the reader 
is referred to “'The Philosophy of Religion;” particularly 
Chapt. ii, Sect. vi. 
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circumstances connected with moral conduct.— 
But all the particular rules and precepts alluded to 
are resolvable into the general principles or affec- 
tions stated above, and, bear the same relations to 
each other as the trunk of a tree to its branches, 
or as a fountain to the diversified streams which it 
sends forth. ‘In other worlds relations may exist 
different from those which are found in human 
society, and consequently particular precepts, dif- 
ferent from-ours, may form a part of their moral 
code, while certain relations which obtain among 
us may have no place among other orders of be- 
ings, and of course, the precepts which particu- 
larly bear upon such relations will be in their cir- 
cumstances altogether unnecessary. But we may 


| rest assured that all the particular precepts, appli- 


cable to whatever circumstances and relations 
may exist in other regions of creation, will be 
founded on the universal principles to which we 
have adverted, and be completely conformable to 
their spirit, and to the benevolent designs they are 
intended to accomplish. 

In all those worlds where the love of God and 
of fellow-intelligences reigns supreme, the inhabi- 
tants, may be conceived to make rapid improve- 
ments in knowledge; for the malignant principles 
and passions which prevail among men_ have, in 
numerous instances, been the means of retarding 
the progress of useful science and its diffusion 
throughout society. But where love in all its 
emanations pervades every mind, society will 
unite and harmonize in'the prosecution of every 
plan by which the intellectual faculty may be 
irradiated and happiness diffused. Beside, in such 
a state of society, truth will be forever triumphant 
and falsehood unknown. Every fact will. be 
fairly and. truly exhibited without deception, or 
the least tendency to misrepresentation or exagge- 
ration. There will be the most complete reliance 
on personal evidence in regard to every fact and 
circumstance which has been witnessed by any 
individuals; for want of which confidence in our 
world, the rational inquirer has been perplexed 
by the jarring statements of lying travelers. and 
pretended philosophers; erroneous theories have 
been framed, the mists of falsehood have inter- 
cepted the light of truth, the foundations of true 
knowledge undermined, and science arrested in 
its progress toward perfection. | All such eyils, 
however, will be unknown in worlds where the 
inhabitants have arrived at moral perfection, 

In fine, from what has been now stated, we 
may conclude that the spirit, the principle, and 
essence of our holy religion, as delineated in the 
Scriptures, must be common to:all the inhabitants 
of the universe who have retained their primeval 
rectitude and innocence. 


CAP DER, XTX. 


Havine in the preceding pages afforded a few 
sketches in reference to the principal facts con- 
nected with the sidereal heavens, which constitute 
the most extensive portion of creation within the 
limits of our knowledge, it may not be inexpedient 
to take a summary view of the range of objects 
to which our attention has been directed, in order 
to direct our occasional reflections on this subject, 


faint and limited, idea of that universe over which 
Omnipotence presides, and of the perfections of 
its adorable Author. 

We can obtain an approximate idea of the uni- 
verse, only by commencing a train of thought at 
those objects with which we are more immediately 
conversant, and ascending gradually to objects 
and scenes more distant and expansive. We are 
partly acquainted with the objects which consti- 
tute the lundscape around us, of which we form 
a part,—the hills, the plains, the lofty mountains, 
the forests, the rivers, the lakes, and the portions 
of the ocean that lie immediately adjacent. But 
all the range of objects we can behold in an ordi- 
nary Jandscape forms but a very small and incon- 
siderable speck, compared with the whole of the 
mighty continents and islands, the vast ranges of 
lofty’ mountains, and the expansive lakes, seas, 
and oceans which constitute the surface of the 
terraqueous globe. It would be requisite that 
more than nine hundred thousand: landscapes, of 
the extent we generally behold around us, should 
be made to pass in review before, and a sufficient 
time allowed to take a distinct view of the objects 
of which they are’ composed, ere we could form 


an adequate conception of the magnitude and the. 


immense variety of-objects on the whole earth. 
Were only twenty minutes allotted for the con- 
templation of every landscape, and ten hours 
every day, it would require ninety years of con- 
stant observation before all the prominent objects 
on the surface of the globe could thus be surveyed. 
Were it possible to take a distinct mental survey 
of such a number of landscapes, we might acquire 
a tolerable conception of the amplitude of our 
globe, and it would serve as a standard of com- 
parison for other. globes which far. excel it in 
magnitude. But, I believe, very few persons are 
capable of forming, at one conception, a full and 
comprehensive idea of the superficial extent of 
the world in which we dwell, whose surface con- 
tains no less than one hundred and ninety-seven 
millions of ‘square miles.. The most complete 
conception we can form must indeed fall very far 
short of the reality. ' 

But however ample and correct our conceptions 
might be, and however great this earth might 
appear in the view of the frail beings that inhabit 
it, we know that it is only an inconsiderable ball, 
when compared with some of the planetary bodies 
belonging to our own system. One of these bodies 
would contain within its dimensions nine hundred 
globes as large as this earth,—another, fourteen 
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hundred of similar globes; and were five hundrea 
globes, as large as that on which we dwell, ar- 
ranged on a vast plain, the outermost ring of the 
planet Saturn, which is 643,000 miles in circum- 
ference, would inclose them all. Such are the 
vast dimensions of some of those bodies, which 
appear only like Jucid specks on the concave sur- 


|face of our sky. This earth, however, and all 
and to enable us to form an approximate, though | 


the huge planets, satellites, and comets, comprised 
within’'the range of the solar system, bear a very 
small proportion to that splendid luminary which 
enlightens our day. The sun is five hundred 
times larger than the whole, and would contain 
within its vast cireumference thirteen bundred 
thousand globes as large as our world, and more 
than sixty millions of globes of the size of the 
moon. ‘To contemplate all the variety of scenery 
on the surface of this luminary, would require 
more than fifty-five thousand years, although a 
landscape of five thousand square miles in extent 
were to pass before our eyes every hour. Of a 
globe of such dimensions, the most vigorous im- 
agination, after its boldest and most extensive 
excursions, can form no adequate conception. It 
appears a kind of universe in itself; and ten 
thousands of years would be requisite before 
human beings, with their present faculties, could. 
thoroughly investigate and explore its vast dimen- 
sions and its hidden’ wonders. 

But greats the sun and his surrounding planets 
are, they dwindle into a point when we wing our 
flight toward the starry firmament. Before we 
could arrive at the nearest object in this firma- 
ment, we behooved to pass over a space at least 
twenty billions of miles'in extent,—a space which 
a cannon ball, flying with its utmost velocity, 
would not pass over in less than four millions of 
years. Here every eye, in a clear winter’s night, 
may behold about a thousand shining orbs, most 
of them emitting their splendors from spaces im- 
measurably distant; and bodies at such distances 
must necessarily be of immense magnitude. There 
is reason to believe that the least twinkling star 
which our eyes can discern iis not less than the 
sun in magnitude and in splendor, and that many 
of them are even a hundred or a thousand times 
superior in magnitude to that stupendous lumi- 
nary. But bodies of such amazing size and splen- 
dor cannot be supposed to have been created in 
vain, or merely to diffuse a useless luster over the 
wilds of immensity. Such an idea would be 
utterly inconsistent with the perfections of the 
Divinity, and all that we know of his character 
from the revelations of his word. If this earth 
would have been “created in vain,’ had it not 
been inhabited,* so those starry orbs, or, in other 
words, those magnificent suns would likewise 
have been created in vain, if retinues of worlds 
and myriads of intelligent beings were not irra- 
diated and cheered by their benign influence. 
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These thousand stars, then, which the unas- 
sisted eye can perceive in the canopy of heaven, 
may be considered as connected’ with at least fifty 
thousand worlds; compared with the amount of 
whose population all the inhabitants of our globe 
would appear only as “the smallest dust of the 
balance.”” Here the imagination might expatiate’ 
for ages of ages in surveying this portion of the 
Creator’s kingdom, and be lost in contemplation 
and wonder at the vast extent, the magnitude, the 
magnificence, and the immense variety of scenes, 
objects, and movements which would meet the 
view in every direction; for here we have pre- 
sented to the mental eye, not only single suns 
and single systems, such as that to which we 
belong, but suns revolving around suns, and sys- 


tems around systems,—systems not only double, | 


but treble, quadruple, and multiple, all in com- 
plicated but harmonious motion, performing mo- 
tions more rapid than the swiftest planets in our 
system, though some of them move a hundred 
thousand miles every hour,—finishing periods of 
revolution, some in 30, some in 300, and some in 
1600 years. We behold suns of a blue or green 
luster revolving around suns of a white or a ruddy 
color, and both of them illuminating with con- 
trasted colored light the same assemblage of 
worlds. And if the various orders of intelli- 
gences connected with these systems were un- 
vailed, what ascene of grandeur, magnificence, 
variety, diversity of intellect, and of wonder and 
astonishment, would burst upon the view! Here 
we might be apt to imagine that the whole glories 
of the Creator’s empire have been disclosed, and 
that we had now a prospect of universal nature 
in all its extent and grandeur. 

But although we should have surveyed the 
whole of this magnificent scene, we should still 
find ourselves standing only on the outskirts, or 
the extreme verge of creation. What if all the 
stars which the. unassisted eye can discern be only 
a few scattered orbs on the outskirts of a cluster 
immensely more numerous? What if all this 
scene of grandeur be only as a small lucid speck 
compared with the whole extent of the firma 
ment? ‘There is demonstrative evidence from 
observation that this is in reality the case. In 
one lucid circle in the heavens, scarcely percep- 
tible on a cursory view of the’ firmament, there 
are twenty thousand times more stars distin- 
guishable by the telescope than what the naked 
eye can discern throughout the visible canopy of 
heaven. ‘The Milky Way, were it supposed to 
contain the same number of stars throughout its 
whole extent as have been observed in certain 
portions of it, would comprise no less than 
20,191,000 stars; and as each of these stars is 
doubtless a sun, if we suppose only fifty planets 
or worlds connected with each, we shall have no 
less than 1,009,550,000, or more than a thousand 
millions of worlds contained within the space oc- 
cupied by this lucid zone. Here an idea is pre- 
sented which completely overpowers the human 
faculties, and at which the boldest imagination 
must shrink back at any attempts to form an 
approximate conception. A thousand millions of 
worlds! We may state such a fact in numbers or 
in words, but the brightest and most expansive hu- 
man intellect must utterly fail in grasping all that 
is comprehended in this mighty idea; and perhaps 
intelligences possessed of powers far superior to 
those of man are inadequate to form eyen an 
approximate conception of such a stupendous 
scene. Yet this scene, magnificent and over- 
powering as it is to limited minds such as ours, is 
not the scene of tho universe; it is only a com- 
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paratively insignificant speck in the map of crea- 
tion, which beings at remcte distances may be 
unable to detect in the canopy of their sky, or at 
most will discern it only as an obscure point in 
the farthest extremities of their view, as we dis- 
tinguish a faint nebulous star through our best 
telescopes. 

Ascending from the Milky Way to the still 
remoter regions of space, we perceive several 


‘thousands of dim specks of light which powerful 


telescopes resolve into immense clusters of stars. 
These nebule, as they are called, may be consi- 
dered as so many milky ways, and some of them 
are supposed even to “outvie our Milky Way in 
grandeur.” ‘Above three thousand of these ne- 
bule have been discovered; and if only two thou- 
sand be supposed to be resolvable into starry 
groups, and to be as rich in stars at.an average as 
our Milky Way, then we are presented with a 
scene which comprises 2000 times 20,191,000, or 
40,382,000,000, that is, more than’ forty thousand 
millions of stars. And if we suppose, as formerly, 
fifty planetary globes to be connected with each, 
we have exhibited before us a prospect which 
includes 2,019,100,000,000, or two billions, nine- 
teen thousand one hundred millions of worlds. 
Of such a number of bodies we can form no dis- 
tinct conception, and much less can we form even 
a rude or approximate idea of the grandeur and 
magnificence which the whole of such a scene 
must display. Were we to suppose each of these 
bodies to pass in review before us every minute, it 
would require more than three millions, eight 
hundred and forty thousand years of unremitting 
observation before the whole could be contem- 
plated even in this rapid manner. Were an hour’s 
contemplation allotted to each, it would require 
two hundred and thirty millions, four hundred 
thousand years until all the series passed under 
review; and were we to suppose an intelligent 
being to remain fifty years in each world for the 
purpose of taking a more minute survey of its pecu- 
liar scenery and decorations, 100,955,000,000,000, 
or a hundred billions, nine hundred and fifty-five 
thousand millions of years would elapse before 
such a survey could be completed; a number of 
years which to limited minds seem to approximate 
to something like eternity itself. 

Still, all this countless assemblage of suns and 
worlds is not the universe. Although we could 
range on the wings of a seraph through all thig 
confluence of sidereal systems, it is more than 
probable that we should find ourselves standing 
only on the verge of creation, and that a bound- 
less prospect, stretching toward infinity on every 
side, would still be presented to view; for we can- 
not suppose for a moment that the empire of 
Omnipotence terminates.at the boundaries of 
human vision, even when assisted by the most 
powerful instruments. Other intelligences may 
have powers of vision capable of penetrating into 
space a hundred times farther than ours when as- 
sisted with all the improvements of art; but even 
such beings cannot be supposed to have penetrated 
to the uttermost boundaries of creation. Man, in 
future ages, by the improvements of optical instru- 
ments, may be able to penetrate much farther into 
the remote regions of space than he has hitherto 
done, and may descry myriads of objects which 
have hitherto remained invisible in the unexplored 
regions of immensity. Ever since the invention of 
the telescope, one discovery has followed another 
in almost regular succession. In proportion to the 
increase and activity of astronomical observers, 
and the improvement of the instruments of obser- 
vation, the more remote spaces of creation have 
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been explored, and new scenes of the universe 
laid open to human contemplation. And who 
shall set boundaries to the improvements and dis- 
coveries of future and more enlightened genera- 
tions? Before the invention of the telescope, it 
“would have been foolish to have asserted that no 
more stars existed than those which were visible 
to the naked eye; and after Galileo had discovered 
with his first telescope hundreds of stars which 
were previously unknown, it would have been 
equally absurd to have maintained that the tele- 
scope would never be further improved, and that 
no additional stars would afterward be discovered. 
[t would be a position equally untenable to main- 
tain, that we shall never be able to descry objects 
in the heavens beyond the boundaries which we 
have hitherto explored, since science has only 
lately commenced its rapid progress, and since 
man is little more than just beginning to employ 
bis powers in such investigations. 

But however extensive may be the discoveries 
of future ages, we may lay it down as an axiom, 
that neither man nor any other rank of finite 
beings will ever be able to penetrate to the further 
boundaries of creation. It would be-presumptu- 
ous to suppose that a being like man,—whose 
stature is comprehended within the extent of 
two yards, who vanishes from the sight at the 
distance of a German mile, whose whole habita- 
tion sinks into an invisible point at the distance 
of Jupiter, who resides on one of the smallest 
class of bodies in the universe, and whose powers 
of vision and of intellect are so limited,—should 
be able to extend his views to the extreme limits 
of the empire of the Eternal, and to descry all the 
systems which are dispersed throughout the range 
of infinitude. It is more reasonable to believe 
that all that has yet been discovered of the opera- 
tions of Omnipotence that lie within the bounda- 
ries of human vision, is but a very small portion 
of what actually exists within the limits of crea- 
tion; that the two billions and nineteen thousand 
millions of worlds which we have assumed as the 
scene of the visible universe, are only asa single star 
to the whole visible firmament, or even as a single 
grain of sand to all the myriads of particles which 
cover the sea-shores and the bed of the ocean, 
when compared with what lies beyond the utmost 
range of mortal vision; for who can set bounds 
to infinitude, or to. the operations of Him whose 
power is omnipotent, “* whose ways are unsearch- 
able,” and “whose understanding is infinite?” 
All that we have yet discovered of creative exis- 
tence, vast and magnificent as it appears, may be 
only a small corner of some mightier scheme 
which stretches throughout the length and breadth 
of immensity,—of which the highest created intel- 
lect may have only a few faint glimpses, which 
will be gradually opening to view ‘throughout the 
revolutions of eternity, and which will never be 
fully explored during all the periods of an inter- 
minable existence. What is seen and known of 
creation may be as nothing compared with what 
is unseen and unknown; and as the ages of eter- 
nity roll on, the empire of the Almighty may be 
gradually expanding in its extent, and receiving 
new additions to its glory and magnificence. 

Hence we may conclude that there is no cre- 
ated being, even of the highest order of intelli- 
gences, that will ever be able to survey the whole 
scene of the universe. Of course, man, though 
destined to immortality, will never acquire a com- 
plete knowledge of the whole range of the Crea- 
tor’s operations, even during the endless existence 
which lies before him; for his faculties, however 
much expanded in that state, will be utterly in- 
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adequate to grasp'a scene s0 etinaele and august. 
It will be a part of his happiness that he will 
never be able to comprehend the universe; for at 
every period of his future existence he will still 
behold a boundless prospect stretched out before 
him, with new objects continually rising to view, 
in the contemplation of which, innumerable ages 
may roll away without the least apprehension of 
ever arriving at the termination of the scene. 
Were a superior intelligence ever to arrive at 
such a point, from that moment his happiness 
would be diminished, his intellectual powers 
would lose their energy, his love and adorations 
of the Supreme would wax faint and languid, 
and he would feel as if nothing new and trans- 
porting were to be added to his enjoyments 
throughout all the periods of his future existence, 
But the immensity of the universe, and the bound- 
less nature of the dominions of ‘the King Eter- 
nal,’ will forever prevent any such effects from 
being produced in the case of all virtuous and 
holy intelligences. 

Beside the numerous bodies to which we have 
above alluded, there are several other objects which 
require to be contemplated, in order to amplify 
our views of the visible universe. Those nebulous 
specks in the remote regions of the heavens 
termed planetary nebule have never yet been re- 
solved into stars, and are in all probability bodies 
of a different nature from the Milky Way and 
other sidereal systems. Their magnitude is aston- 
ishing, since some of’ them would fill a cubical 
space equal to the diameter of the orbit of Ura- 
nus, which would contain 24,000,000,000,000,- 
000,000,000,000,000, or twenty-four thousand 
quartillions of solid miles; that is, they are sixty- 
eight thousand millions of times larger than the 
sun. Such bodies present to our view magnitudes 
more astonishing than any others to be found 
within the range of the visible creation, and over- 
whelm the mind with wonder and amazement at 
what can possibly be their nature and destination. 
Several other nebule are no less wonderful, such 
as that in the constellation of Orion which even 
surpasses in magnitude the dimensions now stated. 
It has been computed to be 2,200,000,000,000,- 
000,000, or two trillions, two hundred thousand 
billions of times larger than the sun;—a magni- 
tude which we can scarcely suppose within the 
power of any finite being to grasp or to compre- 
hend.. For what end such huge masses of matter 
were created must remain a mystery to mortals 
so long as they are confined to, this sublunary 
scene. Perhaps they are intended to give us a 
glimpse of objects and arrangements in the Divine 
economy altogether different from those we per- 
ceive in the planetary system, and in the other 
parts of the sidereal heavens. But whatever may 
be their ultimate destination, we may rest assured 
that they serve a purpose in the plan of the Di- 
vine administration worthy of their magnitude, 
and of the perfections of Him by whom they 
were created. They were brought into existence 
by the same power which reared the other parts 
of creation; and as power is always accompanied 
with» wisdom and goodness, they must have an 
ultimate reference to the accommodation and hap- 
piness of rational beings, under an economy, per- 
haps, widely different from that of the planetary 
and other systems. 

Having taken a cursory view of the magnitudes 
of the numberless bodies scattered through the 
regions of space, let us now consider the motions 
which are incessantly going forward in every part 
of the universe; for all the myriads of globes and 
systeras to which we have alluded are in rapid 
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and a motion; and we have no reason to 
believe that there is a single quiescent body 
throughout the immensity of creation. “We have 
here planets revolving around suns, planets re- 
volving around planets, suns performing their 
revolutions around suns, suns revolving around 
the centers of sidereal systems, and, in all 


probability, every system of creation revolv-| 


ing round the center and Grand Mover of the 
whole. The rate of these motions, in ever 
known instance, is not less than several thousan 
of miles every hour, and in many instances, 
thousands of miles in a minute. he motions 
which are found among the planetary globes ap- 
pear, at first view, altogether astonishing, and al- 
most to exceed belief, when we consider the enor- 
mous size of some of these bodies. That a globe 
a thousand times larger than our*world should fly 
at the rate of thirty thousand miles an hour, and 
carry along with it a retinue of other mighty 
globes in its swift career, is an object that may 
well strike us with wonder and amazement. But 
the. fixed stars—though to a common observer 
they appear exactly in the same positions with 
regard to each other—are found, in some in- 
stances, to be carried forward with motions far 
more rapid than even the bodies of the planetary 
system, though their magnitude is immensely su- 
perior. We have already seen that the star 61 
Cygni, whose apparent motion is five seconds an- 
nually, and consequently imperceptible to a com- 
mon observer, yet at the distance at which the 
star is known to be placed, this motion is equiva- 
lent to one thousand five hundred and fifty-two 
millions of miles in a year; four millions, two 
hundred and fifty-two thousand miles a day, 
and one hundred and seventy-seven thousand 
miles an hour. Other stars are found to move 
with velocities nearly similar, as s Cassiopeia, 
which moves above three millions of miles a day, 
which is at the rate of two thousand one hundred 
and sixty miles every minute. These are mo- 
tions altogether imcomprehensible by human be- 
ings, especially when we take into consideration 
the enormous magnitude of the stars, some of 
which may be a thousand times larger than all 
the planets and comets belonging to our system. 
They display: the amazing and uncontrollable En- 
ERGIES OF OMNIPOTENCE, and afford a distinct 
source of admiration and astonishment in addi- 
tion to all the other wonders of the universe. If, 
then, we would endeavor to attain a comprehen+ 
sive idea of the motions going forward through- 
out the spaces of immensity, we must not only 
conceive of planets revolving around luminous 
centers, but of suns revolving around suns,—of 
suns and systems revolving around the centers of 
the nebula to which they respectively belong,— 
of all the systems and nebule of the universe re- 
volving in immense circumferences around the 
throne of the Eternal, the great center of all 
worlds and beings,—of each sun, and planet, and 
system, notwithstanding, pursuing a course of its 
own in different directions, and in numerous in- 
stances acted upon by different forces,—in short, 
of the ten thousand times ten thousands of lumi- 
nous and opaque globes, of every rank and order, 
within the circuit of creation,—all performing 
their rapid but harmonious motions throughout 
every region of space, and without intermission, 
in obedience to the laws of their Creator. 

Again, we cannot be supposed to have attained a 
comprehensive conception of the universe, with- 
out taking into account the sensitive and intel- 
lectual beings with which it is replenished. We 
ought never to consider the numerous orbs revoly- 
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ing throughout infinite space as mere masses. of 
rude matter, arranged into systems merely to give 
a display of Almighty Power, but as means for 
accomplishing a higher and nobler end,—the dif- 
fusion of happiness among countless orders of 
intelligent existence. And as this idea must ne- 
cessarily be admitted, what a countless multitude 
of percipient beings must people the amplitudes 
of creation! On our globe there are supported 
at least 800. millions of human beings; but it is 
capable of supporting twenty times that number, 
or sixteen thousand millions, if alb its desolate 
wastes were cultivated and peopled. Beside man, 
there are numerous orders of other sensitive be- 
ings; there are at least 500 species of quadrupeds, 
4000 species of birds, 3000 species of fish, 700 
species of reptiles, 50,000 species of insects, be- 
side thousands which the microscope alone can 
enable us to perceive—at least sixty thousand spe- 
cies in all: If every species contain about 500 
millions of individuals, then there will be no less 
than 30,000,000,000,000, or thirty billions of in- 
dividuals belonging to all the different classes of 
sensitive existence on the surface of our globe. 

If this earth, then, which ranks among the 
smaller globes of our system, contain such an 
immense number of living beings, what must be 
the number of sentient and intellectual existence in 
all the worlds to which we have alluded! We 
assumed, on certain data, that 2,019,100,000,000, 
or two billions of worlds, may exist within the 
bounds of the visible universe ; and, although no 
more beings should exist in each world, at an ave- 
rage, than on our globe, there would be the fol- 
lowing number of living inhabitants in these 
worlds, 60,573,000,000,000,000,000,000,000; that 
is, sixty quartillions, five hundred and seventy- 
three thousand trillions, a number which tran- 
scends human conception. Among such a num- 
ber of beings, what a variety of orders may exist, 
from the archangel and the seraph to the worm 
and the microscopic animaleculum! What a di- 
versity of ranks in the intellectual scale, from the 
point of the human faculties to the highest order 
of created beings, may be found throughout this 
immensity of existence! Some, perhaps, invest- 
ed with faculties as far surpassing those of man 
as man surpasses in intellectual energy the worms 
of the dust, and still approximating nearer and 
nearer to the Deity. What a variety may exist 
among them in the form, organization, senses, and 
the movements of their corporeal vehicles! What 
a wonderful and interesting scene would their his- 
tory disclose, were the whole series of events in 
the Divine administration toward them laid open 
to our view!— the different periods in duration at 
which they were brought into existence; the spe- 
cial laws of social and moral order peculiar to 
each class of intelligences; the modes of improv- 
ing the intellect, and the progress they have 
made in universal knowledge; the scenes of glory 
or of terror through which any particular classes 
of beings might have passed; the changes and 
revolutions that may await them; and the final 
destination to which they are appointed. These 
and numerous other circumstances connected with 
the moral and intellectual universe open to view 
a source of knowledge, and a subject of sublime 
investigation, which superior intellects might pro- 
secute without intermission, with increasing ad- 
miration and rapture, and never arrive at the ter- 
mination of their pursuits during all the periods 
of an endless existence. 

Such is a summary view of the universe, in so 
far as its scenes lie open to our knowledge and 
investigation The idea it presents is altogethor 
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overpowering to the human faculties, but it is 
nothing else than what we should naturally ex- 
pect, when we consider that the Being who form- 
ed it is self-existent and eternal; possessed of 
infinite wisdom, almighty power, and boundless 
goodness; and fills the infinity of space with his 
presence. It is like himself, boundless, and in- 
comprehensible by finite minds; but exhibits to 
every order of intelligent beings a sensible display 
of « His Eternal Power and Godhead.”? Without 
the existence of such a universe, the infinite at- 
tributes of the Almighty could not be fully re- 
cognized and appreciated by his intelligent off- 
spring. But here we behold, as in a mirror, the 
invisible perfections of the Divinity, “whom no 
man hath seen or can see,’’ adumbrated, as it 
were, and rendered visible, in every part of crea- 
tion, to the eyes of unnumbered intelligences; 
for there is no point of space in which a rational 
being could be placed, in which he would not 
find himself surrounded with sensible evidences 
and displays of the operations of an all-wise, an 
all-powerful, and incomprehensible Deity. “He 
has not left himself without a witness”’ to his ex- 
istence, and his incessant energies, in any parts 
of his dominions; or to any order of his creatures, 
wherever existing. “If we should ascend to 
heaven he is there.” If we should descend to the 
lower regions, he is there also to be seen in his 
operations.—‘ If we take the wings of the morn- 
ing,” and fly along with the sun from east to west, 
and continue our course without intermission 
through regions of space invisible to-mortal eye, 
‘even there his hand would lead us, and his right 
hand upholdus.”” ‘ Darkness,” unfolds the gran- 
deur of his operations and the glories of. his na- 
ture, as well as the “light”? of the orb of day. 
Though, on the wings of a seraph we could fly 
in every direction through. boundless space, we 
should everywhere find ourselves encompassed 
with his immensity, and with the manifestations 
of his presence and agency. Of such a Being, 
and of the universe he has formed, we may ex- 
claim in the language of an inspired writer—‘O 
the depth of the riches both of the wisdom and 
of the knowledge of God! How unsearchable are 
his operations, and his ways past finding out!” 

Of this universe we can only form an approxi- 
mate idea by comparing one small portion of it 
with another, and by allowing the mind to dwell 
for a considerable time on every scene we con- 
template. We must first endeavor to acquire a 
comprehensive conception of the magnitude of 
the globe on which we dwell, and the numerous 
diversity of objects it contains; we must. next 
stretch our view to some of the planetary globes, 
which are a thousand times greater in magnitude; 
and to such an orb as the sun, which fills a space 
thirteen hundred thousand times more expansive. 
Ranging through the whole of the planetary sys- 
tem, we must fix our attention on every particu- 
lar scene and object, imagine ourselves traversing 
the hills, and plains, and immense regions of Ju- 
piter, and surveying the expansive rings of Saturn 
in all their vast dimensions and rapid motions, 
until we have obtained the most ample idea which 
the mind can possibly grasp of the extent and 
grandeur of the planetary system. Leaving this 
vast system, and proceeding through boundless 
space until all its planets have entirely disappear- 
ed, and its sun has dwindled to the size of a small 
twinkling star, we must next survey the thousand 
stars that deck the visible firmament, every one 
of which must be. considered as a sun, accompa- 
nied with a system of planets no less spacious 
and august than ours. Continuing our course 
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through depths of space immeasurable by human 


Fart, we must penetrate into the center of the 


Milky Way, where we are surrounded by suns, 
not only in thousands, but in millions. Here the 
imagination must be left fora length of time, to 
expatiate in this amazing and magnificent scene, 
and try if it can form any faint idea of twenty 
millions of suns, surrounded with a thousand mil- 
lions of planets. Suppose one of these bodies to 
pass before the eye or the imagination every 
minute, it would require 1900 years before the 
whole could pass in review, and each produce a 
distinct impression as a separate object. 

In a scene like this, the boldest imagination is 
overpowered and bewildered, amidst number and 
magnitude, and feels utterly incompetent to grasp 
the ten thousandth part of the overwhelming idea 
presented before it. Winging our flight from the 
Milky Way, over unknown and immeasurable re- 
gions, regions where infinitude appears opening 
upon us in awful grandeur, we approach some 
of those immense.starry clusters called Nesuna, 
every one of which may be considered as another 
milky way, with its ten thousands and millions 
of suns. Here the imagination must make a so- 
lemn pause, and take a wider stretch, and sum- 
mon up all its powers, and force, and vigor; for 
here we have not merely one milky way, with its 
millions of stars, to contemplate, but thousands. 
If the immense splendor and amplitude of one 
milky way everwhelms us with amazement, and 
with an emotion almost approaching to terror, 
what an. overpowering effect should two thousand 
of such scenes, which have already been discover- 
ed, produce upon minds so feeble and limited as 
ours! Sucha scene not only displays to us,.be- 
yond every other, the incomprehensible energies 
of Omnipotence, but seems to intimate that there 
are created beings existing in the universe, endow- 
ed with powers of intelligence capable of form- 
ingia much more approximate idea of such ob- 
jects than beings such as man, who may be con-. 
sidered as standing near the lowest point of the: 
scale of intellectual existence. " These “ thrones. 
and dominions, principalities and powers of Hea- 
ven,’’ may be able to form a comprehensive con- 
ception of such a scene as the Milky Way, which 
baffles the utmost efforts of the human faculties. 

Soaring beyond all these objects, we behold, as 
it were, a new universe.in the immense magni- 
tude of the planetary-and other nebule, where 
separate stars have never been perceived; and be- 
side all these, there may be thousands and ten 
thousands, and millions of opaque globes of pro- 
digious size, existing throughout every region of 
the universe, and even in that portion of it which 
is within the limits of our inspection, the faint- 
ness of whose light prevents it from ever reaching 
our eyes. But, far beyond all such objects as 
those we have been contemplating, a boundless 
region exists, of which no human eye. has yet 
caught a glimpse, and which no finite intelligence 
has ever explored. What scenes of power, of 
goodness, of gran and magnificence, may be 
displayed within this unapproachable and infinite 
expanse, neither men nor angels can describe nor 
form the most rude conception. But we may 
rest assured that it is not an empty void; but dis- 
plays the attributes of the Deity in a manner no 
less admirable and glorious, and perhaps much 
more so, than. all the scenes of creation within 
the range of our vision. Here, undoubtedly, is 
that splendid region so frequently alluded to in 
the Scriptures, designated by the emphatic name, 
“Tur Heaven or Hravens,” evidently import- 
ing that it is the most, glorious and magnificent: 
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department of creation. Countless myriads ‘of 
beings, standing at the highest point of the scale 
of intellect, and invested with faculties of which 
we have no conception, must inhabit those re- 
gions; for we are positively informed that “ hosts 
of intelligent beings reside in such abodes, and 
that “these hosts of the heayen of heavens wor- 
ship God.’? But here our contemplations must 
terminate. Here imagination must drop its wings, 
since it can penetrate no further into the domin- 
ions of Him who sits on the throne of immensity. 
Overwhelmed with a view of the magnificence 
of the universe, and of the perfections of its Al- 
mighty Author, we can only fall prostrate in deep 
humility and adoration, and exclaim, “ Great and 
marvelous are thy works, Lord God Almighty! 
Thou art worthy to receive glory, and honor, and 
power; for thou hast created all worlds, and for 
ithy pleasure they are and were created.” 

I shall conclude this subject with the following 
remarks: 

1. All the vast systems to which we have al- 
‘luded are the workmanship of an Infinite and 
‘Eternal Being, and display the grandeur of his 
perfections. It is impossible that such an amazing 
‘universe, arranged with such exquisite order, and 
all the bodies it contains moving with such regu- 
lar and rapid motions, could have formed itself, or 
been produced by the fortuitous concourse of 
atoms. The very surmise that such a thing was 
possible is one of the wildest hallucinations that 
ever entered the human mind. It isa first prin- 
ciple connected with the constitution of every in- 
tellectual nature, and without the admission of 
which there can be no reasoning, that there is “a 
connection between cause and effect,’’ and that 
“every effect must have a corresponding cause 
adequate to its production.’? The universe is an 
effect, the most sublime and glorious which the 
human mind can contemplate, and the natural 
and necessary conclusion which it almost instinc- 
tively draws is, that it is the production of an 
Eternal, Intelligent, and Almighty Being. This 
is a conclusion which has been deduced by men’ 
of all nations, and in every period of the world. 
“‘ There is no nation or people,’ says Cicero, ‘so 
barbarous and ignorant as not to acknowledge a 
powerful and Supreme Divinity.” 

It is as natural for the human understanding, 
in its original and unbiased state, when contem- 
plating the frame of the universe, to infer the ex- 
istence of a Deity, as it is the property of the eye 
to distinguish light and colors, and of the ear to 
distinguish sounds. The principle from which 
this conclusion is deduced is exactly the same as 
that by which, from the contemplation of a build- 
ing, we infer a builder, and from the elegance and 
utility of every part of the structure, we conclude 
that he was a wise and skillful architect; or that 
by which, from an inspection of a clock or watch, 
or any other piece of useful machinery, we infer 
not only the existence, but the qualities and attri- 


butes, of the contriver and ificer. The man 
cing such con- 
s destitute of the 


who is incapable of at once 

clusions ought to be regarde 

reasoning faculty; and if we thus necessarily in- 
fer the cause from the effect in the case of human 
art, can we fora moment hesitate to ascribe the 
production of this amazing universe which sur- 
rounds us, toa Being of infinite knowledge, wis- 
dom, and power, adequate to bring into existence 
such an Immense and wonderful machine, and to 
preserve it in harmony, from age to age, amidst 
all its diversified and complicated movements? 
That ever a doubt was entertained on this subject 
is a plain proof that man has lost, in part, that 
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light of reason and intelligence with which he 
was originally indued, or that he is sometimes 
urged on by depraved passions and a pride of sin- 
gularity to utter sentiments which he does not 
sincerely believe. As Cicero long ago declared— 
“ He whe thinks that the admirable order of the 
celestial orbs, and their constancy and regularity, 
on which the conservation and good of all things 
depend, to be void of a mind that governs them, 
he himself deserves to be accounted void of a 
mind.” It is ‘the fool” alone, in the strictest 
sense of the word, whatever may be his pretended 
learning, who dares to declare “ there is no God.” 

And as the universe demonstrates the existence, 
so it displays the attributes of the Eternal. The 
manifestation of himself to numberless orders of 
intelligent beings must have been the great end 
intended in bringing the universe into existence, 
This manifestation is made chiefly in actions—in 
actions which display greatness, wisdom, and good- 
ness, beyond all bounds. His greatness appears 
from the immensity of power which the universe 
exhibits. ‘The power necessary to move a single 
planet in its course far transcends human concep- 
tion. What, then, must be theenergy and extent 
of that power which set in motion and still up- 
holds all the planets, worlds, and systems dispersed 
throughout the spaces of infinitude! The high- 
est created intelligence must be utterly over- 
whelmed and confounded when it attempts to 
contemplate or to grasp an idea of Omnipotence. 
His knowledge, wisdom, and unceasing agency 
are no less conspicuous in the arrangement and 
direction of everything that exists in heaven and 
on earth. As his presence pervades all space, so 
his agency is displayed in the minutest movement 
of every part of the vast whole. This great and 
incomprehensible Being moves every atom, ex- 
pands every leaf of the forest, decks every flower, 
conveys the sap through the ramifications of every 
tree, conducts every particle of vapor to its ap- 
pointed place, directs every ray of light from the 
sun and stars, every breath of wind, every flash 
of lightning, every movement of the meanest 
worm, and every motion of the smallest micro- 
scopic animalculum; while at the same time he 
supports the planets in their courses, guides the 
comet in its eccentric career, regulates the move- 
ments of millions of resplendent systems, and 
presides in sovereign authority over unnumbered 
hosts of intelligent existence; directing all the 
mysterious powers of knowledge, virtue, and mo~ 
ral action to subserve the purposes of his will, 
and accomplish the ends of his moral government, 
In every department of this universe, likewise, his 
goodness is displayed to unnumbered orders of be- 
ings, sentient and intellectual; for all the powers 
of intelligence and action possessed by every 
creature in heaven and on earth, from the arch- 
angel to the worm, and all the happiness they now 
or ever will enjoy, are derived from him as the 
uncreated source of all felicity. 

Under this glorious and stupendous Being we 
live and move; our comforts and enjoyments, 
while passing through this transitory scene, are 
wholly in his hands, and all our prospects and 
enjoyment beyond the range of our earthly career 
are dependent on his mercy and favor. His om- 
nipotent arm supports us every moment; every 
breath we draw, every pulse that beats within us, 
every muscular power we exert, every sound that 
strikes our ears, and every ray of light that enters 
our eye-balls is dependent on his sovereign will. 
All that we hope for beyond the limits of time 
and throughout the revolution of eternity depends 
upon his power, his wisdom, his benevolence and 
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his promises. Were he to withhold the powers 
and agencies under which we now live and act, 
we could neither think nor speak, hear nor see, 
feel nor move; the whole assemblage of living 
beings in our world would be changed into im- 
movable statues, and this earth transformed into a 
barren waste and an eternal solitude. To the 
service of this glorious Being all the powers and 
faculties with which he has endowed us ought to 
be unreservedly consecrated. As his highest glory 
and blessedness consist in bestowing benefits on 
his intelligent offspring, so we ought to be imita- 
tors of him in his boundless beneficence, by 
endeavoring to communicate happiness to all 
around us. “To do good, and to communicate, 
forget not; for with such sacrifices God is well 

leased.” ‘To him, as the “ Father of our spirits 
and the former of our bodies,” is due the highest 
degree of our love and gratitude; on him we 
ought to rely for every blessing, and humbly 
resign ourselves to his disposal under every event; 
for “all things are of God,” and all are conducted 
with supreme and unerring wisdom and goodness 
to an end immortal and divine. ; 

2. The immensity and magnificence of ‘the uni- 
verse and the attributes of Deity it displays are 
considerations which ought to be taken into ac- 
count in all our views of religion. There is a 
class of men who, in prosecuting scientific pur- 
suits, wish to discard everything that has a bearing 
on religion when deduced from the investigations 
of science, and can scarcely refrain from a sneer, 
when the arrangements in the economy of nature 
are traced to the agency of their All-wise and 
Omnipotent Creator; as‘if the objects which sci- 
ence professes to investigate had no relation to the 
views we ought to entertain of the Divinity, and 
ought never to be traced to their great first cause. 
On the other hand, there are many professed 
religionists who, from mistaken notions of piety, 
would set aside the study of the works of God, as 
having no connection whatever with the exercises 
of piety and the business of religion, and as even 
injurious to their interests. Both these classes of 
men verge toward extremes which are equally 
inconsistent and dangerous. The amazing fact, 
that creation consists of a countless number of 

‘magnificent systems and worlds beyond the com- 
prehension of finite minds, ought not thus to be 
recklessly set aside in our views of God and of 
religion; for they are all the workmanship of 
on Brine, and they are connected together as 
parts of onz grand system, of which the God we 
profess to worship is the supreme and universal 
governor. They present to the view of all intel- 
ligences the most glorious displays of his char- 
acter dnd perfections, and consequently demand 
from us a corresponding sentiment of admiration 
and reverence, and a corresponding tribute of 
homage and adoration. Such enlarged prospects 
of the universe are therefore available for the 
loftiest purposes of religion and piety, and ought 
to enter as an element into all our views of the 
administration of the Almighty, and of that wor- 
ship and obedience he requires from his rational 
offspring, unless we would be contented to render 
him a degree of homage far inferior to that which 
the manifestation of his attributes demands. 

God is known only by the manifestations which 
he makes of his character and perfections. 
highest created intelligences can know nothing 
more of the Divinity than what is derived from 
the boundless universe he has presented to their 
view, the dispensations of his providence to cer- 
tain orders of beings, and the special revelations 
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he may occasionally vouchsafe, on certain emer- 
gencies, to particular worlds. Had man conti- 
nued in primeval innocence, the contemplation of 
the vast creation around him, with all its diver- 
sified wonders and beneficent tendencies, would 
have led him to form correct views of the attri- 
butes of his Almighty Maker, and of the moral 
laws by which his conduct should be regulated; 
but it does not follow, that because the study of 
nature is now of itself an insufficient guide to 
the knowledge of the Creator and the enjoyment 
of eternal felicity, such studies are either to be 
thrown aside, or considered as of no importance 
in a religious point of view. To overlook the as- 
tonishing scene of the universe, or to view it with 
indifference, is virtually to “disregard the works 
of Jehovah, and to refuse to consider the opera- 
tions of his hands.”’ It isa violation of Christian 
duty, and implies a reflection on the character of 
the Deity, for any one to imagine that he has 
nothing te do with God considered as manifested 
in the immensity of his works; for his word is 
pointed and explicit in directing the mind to 
such contemplations. ‘ Hearken unto this; stand 
still, and consider the wonderful works of God.” 
Lift up thine eyes on high, and behold who hath 
created these orbs.”’? ‘“ Remember that thou mag- 
nify his works which men behold.’ “ Great and 
marvelous are thy works, Lord God Almighty! 
Thy saints shall speak of the glory of thy king- 
dom and talk of thy power, to make known to 
the sons of men thy mighty operations and the 
glorious majesty of thy kingdom.” 

3. The Christian revelation, throughout all its 
departments, is not only consistent with the views 
we have taken of the universe, but affords direct 
evidence of the magnificence of creation, and of 
the myriads of beings with which it is peopled. 
Of this position we have exhibited some proofs 
in the remarks and illustrations contained in 
Chapter XVII, which show at the same time the 
harmony which ‘subsists between the discoveries 
of revelation and the discoveries which have been 
made in the system of nature. There is no other 
system of religion or pretended revelation that 
was ever propagated in the world to which such 
a characteristic belongs. If we examine the Ma- 
homedan Koran, the Shasters of Bramah, the 
system of Confucius, the mythology of the Greeks 
and Romans, and every other Pagan code of re- 
ligion, we shall find interspersed throughout the 
whole of them numerous sentiments, opinions, 
and pretended facts at utter variance with the true 
system of nature, and to what are known to be 
the established laws of the universe. This is 
strikingly exemplified in the extravagant stories 
and descriptions contained in the pretended reve- 
lations of Mahomet, and the absurd notions re- 
specting the creation contained in the sacred 
books of the Hindoos, which assert that the uni- 
verse consists of seven heavens and seven worlds, 
which are all at a future period to be absorbed 
into God; with many other absurdities. In oppo- 
‘sition to all such ish and absurd opinions, the 
' inspired wing When properly understood, and 
| rationally interpreted according to the rules of 
| just criticism, are uniformly found to be perfectly 
consistent with the discoveries of science, and the 
facts which are found to exist in the system of 
the universe; and this correspondence and har- 
mony ought to be considered as a strong pre- 
sumptive evidence that the revelations of Scrip- 
ture and the scenes of the material universe 
proceed from the same All-wise and Omnipotent 
Author. 
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ON COMETS. 


As this class of the celestial bodies forms a part 
of the solar system, it might have been more 
appropriate to have introduced the subject into 
cur volume entitled, “ Celestial Scenery,’? which 
has for its principal object a description of the 
bodies connected with that system; but as that 
work swelled toa greater size than was at first 
foreseen, it was judged expedient to postpone the 
consideration of comets to the present volume. 
As our knowledge of these bodies, however, is 
very limited, and no discoveries have yet been 
made which might lead us to form a decisive 
opinion of their nature and destination, I shall 
content myself with giving a brief detail of some 
of the leading facts which have been ascertained 
respecting them. 

The word comet literally signifies a hairy star; 
because such bodies are generally accompanied 
with a nebulosity, or train, which has the appear- 
ance of luminous hair. ‘The luminous point near 
the center of a comet, which is the most brilliant, 
is called the nucleus. The haze or nebulosity 
which surrounds the nucleus is called the hair, 
and sometimes the envelope; and the nucleus and 
hair combined constitute what is usually termed 
the head of the comet. The luminous train, ex- 
tending sometimes to a great distance from the 
head, is called the tail of the comet. These 
bodies have occasionally appeared in the heavens 


in all ages. The ancients were divided in their 


opinion respecting them; some considering them 
as wandering stars; others, as meteors kindled 
in the atmosphere of the earth, subsisting for a 
time, and then dissipated; and others viewed them 
as prodigies indicating wars, famines, inundations, 
or pestilences. Aristotle, who believed that the 
heavens were incorruptible and unchangeable, 
maintained that comets were generated when 
they first made their appearance, and were de- 
stroyed when they ceased to be visible, and con- 
sequently that they could not be reckoned to 
belong to the heavenly bodies, but were only 
meteors or exhalations raised into the upper re- 
gions of the air, where they blazed for awhile, 
and disappeared when the matter of which they 
were formed was consumed. And as the opinions 
of this ancient sage had a powerful influence 
on the philosophers and astronomers of later 
times,—as his assertions were frequently regarded 
as little short of demonstrations,—few persons 
had, the boldness and inde ency of mind to 
call in question the positiodlihe maintained on 
any subject discussed in his writings. 

It was not before the time of the celebrated as- 
ae Tycho Brahe, that the nature of comets 
began to be a little understood, and that they were 
considered as moving in the planetary regions. 
This astronomer observed with great diligence the 
fumous comet which appeared in 1577; and from 
many accurate observations during the time of 
its appearance, found that it had no sensible diur- 
nal parallax, and therefore was not only far above 
the limits of oir atmosphere, but beyond the or- 
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bit of the moon itself... Its motions were likewise 
particularly observed by Hagecius, at Prague, in 
Bohemia, at the same time that they were ob- 
served by Tycho, at Uraniburg. These two places 
differ six degrees in latitude, and are nearly 
under the same meridian, and both measured the 
distance of the comet from the same star, which 
was in the same vertical circle with the comet; 
yet both observers found their distances the same, 
and consequently they both viewed the comet in 
the same point of the heavens, which could not 
have happened unless the comet had been in a 
higher region than the moon. . After Tycho, Kep- 
ler had an opportunity of making observations 
on the comets which appeared in 1607 and 1618, 
and from all his observations he deduced this con- 
clusion, ‘“‘that comets move freely through the 
planetary orbs.’? From this period comets began 
to be more accurately observed, and to be consid- 
ered as constituent parts, of the solar system; and 
at length the illustrious Newton demonstrated 
that their motions are performed in long ellipses, 
having the sun in one of their foci. 

Before proceeding to inquire into the nature 
and physical constitution of these bodies, I shall 
present the reader with 


A BRIEF SKETCH OF THE HISTORY OF THE MOST RE- 
MARKABLE COMETS WHICH HAVE APPEARED IN 
MODERN TIMES. 


One of the’ most remarkable comets which have 
appeared in modern times is that which made its 
appearance toward the close of the year 1680, and 
which was particularly observed by most of the 
astronomers of Europe, This comet, according 
to the accounts given by the astronomers of that 
veriod, appeared to descend from the distant re- 
gions of space with a prodigious velocity, almost 
perpendicular té the sun, and ascended again in 
the same manner from that luminary with a ye- 
locity retarded as it had before been accelerated. 
It was observed, particularly at Paris and Green- 
wich, by Cassini and Flamstead, by whom it was 
seen in the morning from the 4th to the 25th of 
November, 1680, in its descent toward the sun; 
and after it had passed its perihelion,* in the even- 
ing, from the 12th of December. to the 9th of 
March,1681. The many exact observations made 
on this comet enabled Sir I. Newton to discover 
that so much of its orbit as could be traced by 
the motion of the comet, while it was visible, was, 
as to sense, a parabola, having the sun in its 
focus, and that it was one and the same comet 
that was seen all that time. This comet was re- 
markable for its very near approach to the sun. 
At its perihelion, it was not above a sixth part of 
the sun’s diameter from its surface; that is, about 





“ The perihelion is that point in the orbit of any planet 
or comet which is nearest to the sun, It is also called the 
lower apsis. The aphelion is that point in the orbit which 
is farthest from the sun; called, also, the higher apsis, 
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146,000 miles from the surface of that luminary, 
and 584,000 from its center. According to Sir 
Isaac Newton, the velocity of this comet when 
nearest the sun, was 880,000 miles an hour. On 
taking its perihelion distance, as given by M. Pin- 
gre, Mr. Squire found, by two different calcula- 
tions, that its velocity in its perihelion was no 
less than 1,240,000 miles an hour! This velocity 
was so great that, if continued, it would have car- 
tied it through 124 degrees in an hour; but its 
actual hourly motion during that interval, before 
and after it passed the perihelion, was 81 degrees, 
47 minutes. At this period, the diameter of the 
sun, as seen from the comet, must have subtended 
an angle of more than a hundred degrees, which 
must nearly have filled its whele hemisphere. 

From Dr. Halley’s determination of its orbit, 
it appears that when in its aphelion, or greatest 
distance from the sun, it cannot be less than 13- 
000,000,000, or thirteen thousand millions of 
miles distant from that luminary; that is, seven 
times the distance of Uranus. According to the 
same astronomer, this comet, in passing through 
its southern node, came within the length of the 
sun’s semidiameter of the orbit of the earth, that 
is, within 440,000 miles; and he remarks, “ had 
the earth.been then in that part of its orbit near- 
est that node of the comet, their mutual gravita- 
tion must have caused a-change in the plane of 
the earth’s orbit, and in the length of our year; 
and if so large a body with so rapid a motion were 
to strike the earth, a thing by no means impossi- 
ble, the shock might reduce this beautiful frame 
to its original chaos.?? Modern observations, 
however, render such deductions somewhat im- 

rohable. The period of this comet is supposed 
to be about 575 years. It is conjectured that it is 
the same comet which appeared in 1106, in. the 
reign of Henry I, that was seen during the con- 
sulate of Lampadius and Orestés, about the year 
531, and in-the forty-fourth year before Christ, in 
which year Julius Cesar was murdered. Its nu- 
cleus was computed to be about ten times as large 
as the moon. Its tail extended over a space of 
seventy degrees in ‘extent. 

This is the comet, to the near approach of 
which to the earth, Mr. Whiston attributed the 
universal deluge in the time of Noah. His opin- 
ion was, that the earth, passing through the at- 
mosphere of the comet, attracted fron it a great 
part of the water of the flood; that the nearness 
of the comet raised a great tide in the subterra- 
nean waters; that this could not be done without 
making fissures or cracks in the outer crust of 
the earth; that through these fissures the subterra- 
neous waters were forced; that along with the 
water much slime or mud would rise, which, 
after the subsiding of the water partly into the 
fissures and partly into the lower parts of the 
earth to form the sea, would cover over to a con- 
siderable depth the antediluvian earth; and thus 
he accounts for trees and bones of animals being 
found at very great depths in the earth. The 
same comet, he supposed, when coming near the 
earth after being heated to an immense degree 
in its perihelion, would be the instrumental cause 
of that great catastrophe, the;general conflagra- 
tion. Modern geological researches, however, 
render all such hypotheses utterly untenable. 

2. Another comet which has obtained a certain 
degree of celebrity is that which appeared in 
1682, and is usually distinguished by the name 
of Halley’s comet. This comet appeared with 
considerable splendor, and exhibited a tail thirty 
degrees in length. On calculating its elements 
from ite perihelion passage, Dr. Halley was led to 
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conclude that it.was identical with the great com- 
ets which appeared in 1456, 1531, and 1607, 
whose elements he had also ascertained. The 
intervals between these periods being about sev-. 
enty-five or seventy-six years, he was led to con- 
clude that this was the period of the revolution 
of the comet, and ventured to predict that it 
would again return about the latter part of the 
year 1758. As this was the first comet whose 
return had been predicted, when the time of its 
expected appearance approached, astronomers be- 
came anxious to ascertain whether the attraction 
of the larger planets, Jupiter and Saturn, might 
not interfere with its orbitual motion, and prevent 


|it-from arriving at its perihelion as soon as the 


time predicted. Clairaut, an eminent French ma- 
thematician, after many intricate and laborious 
calculations in reference to the subject, concluded 
that the attraction of Saturn would lengthen the 
period 100 days, and the action of Jupiter 518, 
making in all 618 days, by which the expected 
return would happen later than if no such influ- 
ence had taken place; so that instead of the period 
being 74 years, 323 days, it ought to@be 76 years, 
211 days; and as the comet passed its perihelion 
on September 14,1682, it ought. to reach the same 
point on April 13, 1759. These calculations were 
read-before the Academy of Sciences, on the 14th 
of November, 1758; but Clairaut gave notice that, 
being pressed for time, he had neglected in his 
calculations small values, which collectively might 
amount to about thirty days, in the seventy-six 
years. These predictions were accordingly veri- 
fied, for the comet appeared about the end of 
December, 1758, and arrived at its perihelion on 
the 13th of March, 1759, only thirty days before 
the time fixed by the calculations of Clairaut, 
who, upon repeating the process by which he had 
arrived at the result, reduced this error to nineteen 
days. The same comet again made its appear- 
ance, according to prediction, in 1835, of which 
a particular uccount will be given in the sequel. 

3. Another remarkable comet made its appear- 
ance in 1744, which excited a considerable degree 
of attention. It was first seen at Juausanne, in 
Switzerland, December 13, 1743; from that period 
it increased in brightness and magnitude as. it 
approached nearer the sun. On the evening of 
January 23, 1744, it appeared exceedingly bright 
and distinct, and the diameter of its nucleus was 
nearly equal to that of Jupiter. Its tail then ex- 
tended above 16 degrees from its body, and was 
supposed to be about 23. millions of miles in 
length. On the 11th of February, the nucleus, 
which had before been always round, appeared 
oblong in the direction of the tail, and seemed 
divided into two parts by a-black stroke in the 
middle. One of the parts had a sort of beard, 
brighter than the tail; this beard was surrounded 
by two unequal dark strokes, that separated the 
beard from the hair of the comet; these odd phe- 
nomena disappeared the next day, and nothing 
was seen but irregular obscure spaces like smoke 
in the middle of the tail, and the head resumed 
its natural form. n the fifteenth of February, 
the tail was divided into two branches, the eastern 
abont 8 degrees long, the western 24. On the 
23d the tail began to be bent, It showed no tail 
until it was as near the sun as the orbit of Mars, 
and it increased in length as it approached nearer 
that luminary. At its greatest length, it was 
computed to equal a third part of the distance of 
the earth from the sun.* This was one of the 
most brilliant comets that had appeared since that 





* Memoirs of the Academy of Sciences for 1744. 
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of 1680. Its tail was visible for a long time after 
its body was hid under the horizon: itvextended 
20 or 30 degrees above the horizon, two hours 
before sunrise. , 

4, In the month of June, 1770, Messier disco- 
vered a comet, the motions of which appear to be 
involved in a considerable degree of mystery— 
The comet continued visible for a long time.— 
Lexell ascertained, from observation, that it de- 
scribed an ellipse around the sun, of which the 
greater axis was only three times the diameter of 
the earth’s orbit, which corresponds with a revo- 
lution of 544 years. It was therefore expected 
that it would again frequently make its appear- 
ance; but it has never since been visible, although 
it made a pretty brilliant appearance in 1770.— 
The National Institute of France, not many years 
ago, requested M. Burkhardt to repeat all the cal- 
culations with the utmost care; and the result of 
his labor has been a complete confirmation of the 
elements obtained by Lexell. What has become 
of this comet it is difficult to conjecture. Its 
aphelion, or greatest distance from the sun, was 
reckoned be not far beyond the orbit of Ju- 
piter, and that it approached as near to the earth 
as the moon, and ought to have appeared twelve 
times since the year,1770. M. Arago attempts to 
solve the difficulty by affirming that its orbit was 
then totally different from that which it has since 
pursued; thatits passage to the point of perihelion 
in 1776, when it was expected, took place by day, 
and before the following return, the form of the 
orbit was so altered that had the comet been visi- 
ble from the earth, it would not have been recog- 
nized; that before 1777, during the whole progress 
of its revolutions, its shortest distance from the 
sun was 199,000,000 leagues, and that after 1779, 
the minimum distance became 131,000,000 leagues, 
which was still too far removed for the comet to 
be perceptible from the earth. Sir David Brews- 
ter attempts to account for its disappearance by 
supposing that it must have been attracted by one 
of the planets whose orbit it crossed, and must 
have imparted to it its nebulous mass; and that it is 
probable the comet passed near Ceres and Pallas, 
and imparted to them those immense atmospheres 
which distinguish them from all the other planets. 
Whether any of these opinions be tenable and 
sufficient to solve the difficulty, is left entirely 
with the reader to determine. 

5. Another comet which has engaged the par- 
ticular attention of astronomers during the last 
twenty years, is distinguished from all preceding 
comets by the shortness of its periodic revolution. 
It is usually denominated Encke’s comet, so called 
from Professor Encke, of Berlin, who first ascer- 
tained its periodical return. It was discovered at 
Marseilles, on the 26th November, 1818, by M. 
Pons, and its parabolic elements were presented 
to the Board of Longitude, at Paris, by M. Bou- 
vard, on the 13th of January, 1819. It was im- 
mediately remarked that the result of Bouvard’s 
calculations was too similar to the elements of a 
comet which appeared in p>. not to consider 
that and the one of 1818 as the same body; and 
M. Encke soon after established, by incontestable 
calculations, that this comet took only about 
ma days, or three years and three-tenths, to tra- 
vel through the whole extent of its elliptic orbit. 
This was considered as a very extraordinary re- 
sult, as an opinion had previously prevailed that 
the period of a revolution of a comet must neces- 
sarily he long. It now appears that this comet 
was first seen by Messier and Mechain in 1786; 
afterward by Miss Herschel in 1795; and its sub- 
sequent returns were observed by different astron- 
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‘omers in 1805 and 1819, all of whom, at those 


periods, supposed that the four comets were four 
different bodies. The elements of this,comet, and 
the short period of its revolution, are now incon- 
trovertibly established; for its reappearance in the - 
southern hemisphere. in June, 1822, took place 


‘very nearly in the positions previously calculated. 


The agreement was not less remarkable in 1825; 
and in 1828, the third period of its announced re- 
turn, it occupied the places assigned to it by 
Encke the year preceding. -It likewise appeared 
in 1832, 1835, and 1838. 

This comet is very small; its light is feeble; it 
has no tail; it isinvisible to the naked eye, except 
in very favorable circumstances, but may be seen 
with a small magnifying power. It revolves in an 
elliptical orbit of considerable eccentricity, having 
an inclination to the plane of the ecliptic of 1314 
degrees. On comparing the intervals between the 
successive perihelion passages of this comet, a sin- 
gular fact has been elicited, namely, that its pe- 
riods are continually diminishing, and its mean 
distance from the sun shortening by slow but_re- 
gular degrees. This is supposed by M. Encke to 
be produced by a resistance experienced by the 
comet from avery rare ethereal medium pervading 
the regions through which it moves; since suche 
resistance, by diminishing its actual velocity, would 
diminish also its centrifugal force, and thus give 
the sun more power over it to draw it nearer. It 
is therefore the opinion of Sir J. Herschel, that 
“it will probably.fall ultimately into the sun, 
should it not first b» dissipated altogether, a thing 
no way improbable, when. the lightness of its ma- 
terials is considered, and which seems authorized 
by the observed fact of its having been less and 
less conspicuous at each reappearance.”’? The ac- 
celeration of this comet is about two days in each 
revolution; and the frequent opportunities of ob- 
servation which will occur, in consequence of the 
shortness of its period, may lead to new and in- 
teresting conclusions in relation to the nature of 
these bodies. 

6. Beside the above, another periodical comet 
has lately been discovered, which is distinguished 
by the name of Biela’s and sometimes Gambart’s 
comet. This comet was perceived at Johannisberg, 
on the 27th Feb., 1826, by M. Biela; and by M. 
Gambart, at Marseilles, ten days afterward. Gam- 
bart, without delay, calculated its parabolic ele- 
ments from his own observations, and by inspect- 
ing a general table of comets, he recognized that 
it was not its first appearance, but that it had been 
already observed in 1789,and 1795. Messrs. Clau- 
sen and Gambart undertook the computation of 
the comet’s revolution, and found, each of them 
nearly at the same time, that the new comet made 
its entire revolution round the sun in a period of 
about seven years. It was afterward found, more 
accurately, to be 2460 days, or nearly 634 years. 
M. Damoiseau calculated the perturbations of this 
comet, and predicted that it would cross the plane 
of the earth’s orbit on the 29th of October, 1832, 
a little before midnight, at a point about 18,480 
miles within the orbit of the earth. According to 
this prediction, the comet actually made its ap- 
pearance in 1832 about the time now specified. 
Its next appearance was calculated to happen in 
1839; and it was reckoned that it would arrive at 
its perihelion on the 23d July of that year. 

The predicted appearance of this comet in 1832 
seems to have produced considerable alarm, par- 
ticularly in France. Some German journalists pre- 
dicted that it would cross the earth’s orbit near 
the point at which the earth would be at the time, 
and cause the destruction of our globe. Such was 
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the degree of alarm excited on this occasion, that 
M. G * * *, a Professor in Paris, put the question 
to the Academy of Sciences, whether it did not 
feel itself bound in duty to refute, as speedily as 
possible, this assertion. Popular terrors,’’ he ob- 
served, “are productive of serious consequences. 
Several members of the Academy may still re- 
member the accidents and disorders which follow- 
ed a similar threat, imprudently communicated to 
the Academy by M. de Lalande, in May, 1773. 
Persons of weak mind died of fright, and women 
miscarried. There were not wanting people who 
knew too well the art of turning to their advan- 
tage the alarm inspired by the approaching comet, 
and places in paradise were sold at a very high rate. 
The announcement of the comet of 1832 may 
produce similar effects, unless the authority of the 
Academy apply a prompt remedy; and this salu- 
tary intervention is at this moment implored by 
many benevolent persons.’ It was supposed by 
some, that if any disturbing cause should delay 
the arrival of the comet for one month, the earth 
must pass directly through its head. 


In order to dispel such fears, and to: illustrate 


the nature of these bodies, M. Arago published ‘an 
excellent and popular treatise on comets in the 
“ Annuaire”? of 1832. He showed that the result 
of the calculation was, that the passage of the 
comet ought to proceed a little within our orbit, and 
at a distance from that curve, which is equal to 

our terrestrial radii and two-thirds, or about 37,- 


00 miles; that on the 29th October, 1832, @ por-' 


tion of the earth’s orbit might be included within 
the nebulosity of the comet; but that the earth 


would not arrive at the same point of its orbit until) 


the morning of the 30th November, or more than 
a month aflerward; and consequently that the 
earth would be more than twenty millions of 
French leagues (or fifty millions of British miles) 
distant from the eomet. He adds, that “if the 
comet, instead*of crossing the plane of the ecliptic 
on the 29th October, had not. arrived there until the 
morning of the 30th November, it would have 
undoubtedly mingled its atmosphere. with ours, 
and perhaps even have struck us!’ ‘The earth is 
considered in more danger, if danger there be, 
from this comet and that of Encke than from any 
other. Encke’s comet crosses the orbit of the 
earth sixty times in the course of a century, and 
there is certainly a possibility that it might come 
into collision with the earth, but the probability of 
its doing so is very small; and, beside, this comet 


and that of Gambart are so extremely rare, that 


little danger is to be apprehended, even although 
a contact were to take place. Gambart’s is asmall, 
insignificant comet, without a tail, or any appear- 
ance whatever of a solid nucleus, and is not dis- 
tinguishable by the naked eye. 

7. The Comet of 1807. This was the first comet 
on which I had an opportunity of making obser- 
vations. My first observation was on ihe evening 
of October the 8th, 1807, a little after sunset, 
when it appeared in a north-westerly direction, 
not far distant from Arcturus, which was then 
only a little above the horizon. ‘To the naked 
eye it appeared somewhat like a dim nebu- 
lous star of the second magnitude, with a beam 
of light on one side of it. Through a telescope, 
its tail presented a pretty brilliant appearance, and 
occupied a space of considerably more than a de- 
gree in length. The coma seemed to have a 
roundish, but dim and undefined appearance, and 
appeared more indistinct as the magnifying power 
was increased. When viewed with an achro- 
matic telescope of thirty-one inches focal distance, 
and a power of thirty, it presented a very distinct 
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and beautiful appearance, and the nucleus, coma, 
and tail, nearly filled the field of view. Whena 
power of sixty was applied, it was much more 
indistinct than with the former power, and in all 
the subsequent observations the lower power was 
generally preferred. . In the course of five or six 
weeks, or about the middle of November, it disap- 
peared to the naked eye. I traced it with the 
telescope, as often as the weather would permit, 
for two or three months after it had become in- 
visible to the unassisted sight, and found that its 
apparent motion was pretty rapid,and toward the 
north-east. About the middle of January, 1808, 
at eleven, Pp. M.,; it appeared in a direction north- 


| east by. north; and at this time it appeared through 
‘the telescope like'a small nebulous stat, or like 


those species of comets called bearded comets, 
having no trace of anything similar to a tail. The 
last time I saw it was about the end of January, 
when it was still distinctly visible, like a nebulous 
star; but cloudy weather for nearly a fortnight 
prevented any further observations, and I saw it 
no more. On the evening in which I had the last 
peep of it, I detected another comet within eight 
or ten degrees of it, which appeared like a star of 
the third magnitude, and exhibited a pretty bril- 
liant, appearance through the telescope. It had 
no tail, like the former comet, but appeared sur- 
rounded with radiant hairs like the glory which 
painters represent around the head of our Saviour. 
It continued visible for several weeks; but I have 
not seen any. particular notices of this second 
comet, or any special observations on it, which 
have been recorded by astronomers. 

‘This comet appears to have been first Beticed 
by Herschel and Schroeter about the 4th of Octo- 
ber, 1807, who continued their observations upon 
it for several months. According to Schroeter’s 
observations and estimates, thée- “diameter of the 
nucleus of this comet was about 4600 miles, or 
nearly the size of the planet Mars, and appeared 
to be of considerable density; the diameter of its 
coma, 120,000 miles, but liable at different times, 
to variations of increase and decrease; and its 
rate of motion, at certain periods, 1,333, 380 miles 
a. day, or 55,537 miles an hour. Its tail was di- 
vided in a very unusual manner into two separate 
branches; the north side continued much brighter 
and better defined than the other, and was also in- 
variably convex, while the other side was concave. 
But what was deemed most remarkable was the 
variation in length and the coruscations of the 
tail. Something like coruscation had, been ob- 
served by the naked eye in the case of preceding 
comets, and such phenomena appear to have been 
confirmed by the observations: of Schroeter. In 
less than one second, streamers shot forth to two 
and a half degrees in length; they as rapidly dis- 
appeared and: issued out again, sometimes in pro- 
portions and interrupted like our northern lights. 
Afterward the tail, varied both in length and 
breadth, and in some of the observations, the 
streamers shot from the whole expanded end of 
the tail, sometimes here, and Reider there, in 
an instant, two and a half degrees long, so that 
within a single second they must have shot out a 
distance of 4,600,000 miles. Their light was also 
sometimes whiter and clearer at the end than 
the base, as is occasionally seen in the northern 
lights. Some have objected to the extreme rapidity 
of the streamers as here stated, but the fact of 
coruscations having been seen appears to be con- 
firmed by the observations of this celebrated and 
accurate observer. The observations of Herschel 
on this comet differ in some respects from those 
of Schroeter, particularly in the estimate he 
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makes of the size of the nucleus, which he reck- 
ons to be considerably smaller than what has been 
stated above. 

Fig. 78 is a view of this comet as seen on the 
night of October 21st by Schroeter. Fig. 79 is'a 


view of the same comet as seen by Bessel, Octo-. 


ber 22d, at eight in the evening; both which ex- 
hibit its divided tail. 

8. The most remarkable comet which has ap- 
peared in modern times, since that of 1680, was 
the comet of 1811. About the beginning of Sep- 


Fig. 78. 


tember in that year, about eight or nine in the 
evening, as I was taking a random sweep with my 
telescope over the north-western quarter of the 
heavens, an uncommon object appeared to pass 
rapidly across the field of view, which on exami- 
nation appeared to be a splendid comet. Not 
having heard of the appearance of any such body 
at that time, I was led to imagine that I had for- 
tunately got the first peep of this illustrious stran- 
ger; but I afterward learned from the public 
prints that it had been seen a day or two before 
by Mr. Neitch, in the neighborhood of Kelso, 
who appears to have been the first that. observed 
it in this country. This comet appeared with pe- 
culiar splendor, and was visible, even to the na- 
ked eye, for more than three months in succes- 
sion, and excited universal attention. It afforded 
to astronomers more opportunities for observation 
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of its physical aspect and constitution, and for de- 
termining the elements of its orbit, than almost any 
other comet that had previously appeared. The 
two celebrated observers, Herschel and Schroeter, 
made numerous and very particular observations 
on the phenomena and motions of this cumet, 
which were continued every clear evening for the 
space of nearly five months. Some of these ob- 
servations, along with the remarks and deductions 
connected with them, are extremely interesting to 
the astronomical observer; but my limits will 
permit only a statement of the 
general results. 

Some of the results deduced by 
Schroeter are the following :— 
That the central globe of: light, 
or what he calls the nucleus, was 
50,000 miles in diameter, or near- 
ly six and a half times the diame- 
ter of the earth, which he dedu- 
ced from the mean of twenty- 
seven measurements, which gave 
1’ 49” as the mean angular diame- 
ter of the body; that this great 
body was in all probability chiefly 
fluid, though its central parts 
might consist of denser. substan- 
ces; and that there was reason to 
believe that it shone with its own 
native light. The coma was ex- 
tremely rarefied in comparison 
with the nucleus, resembling a 
very faint whitish light, scattered 
in separate portions. It was di- 
vided into two; one immediately 
encompassing the nucleus, the 
other of a more faint and grayish 
light, sweeping round it at a dis- 
tance, and forming the double 
tail which the comet presented. 
The train, or hed vail, as he 
terms it, swept around the nu- 
cleus, at a distance equal to its 
80 breadth, and appeared as uncon- 
nected as the ring of Saturn with 
its body, and which sometimes 
appeared darker than the open 
sky. The diameter of this exte- 
Tior part of the head was 34’ 15”, 
or about 947,000 miles, which is 
larger than the diameter of the 
sun, and which he thinks must 
have formed a hollow cone around 
the nucleus, and which he thought 
indicated a force of a repulsive 
nature residing in the nucleus, 
Between the 4th and 6th of De- 
cember a ‘great revolution took 
place; the rarefied nebulous matter, which had 
for three months been so unusually repelled from 
the nucleus on every side, to a distance of about 
one-fifth of the diameter‘of the head, or 190,000 
miles, was again attracted to it, affording an in- 
controvertible proof of physical action upon a 
great scale, arising doubtless from the same causes 
which produce the other phenomena of nature. 
The double tail of thiscomet was exceedingly faint 
compared with the nucleus and coma. On the 
23d of October, it extended fully eighteen degrees, 
notwithstanding its oblique position, the angle at 
the sun being then 61° 23’; at the earth, 69°; and 
at the comet, 499 37’. Had it been viewed at right 
angles, it would have subtended an angle of 36° 
36’, equivalent to more than 60,000,000 of miles, 
which is more than half the distance from the 
earth to the sun. Coruscations, similar to those 


8 


part 


 * * 


a *. ‘ oe 
* 
oe ; HALLEY’S COMET. 125. 


which appeared in the tail of the comet of 1807, 
were likewise perceived, particularly on October 
the 16th, when a small tail instantaneously ap- 
peared, then vanished, and reappeared, which was 
in length equal to three times the diameter of the 
comet’s head, or 2,373,000 miles. Other displays 
of the same kind took place on the 7th of No- 
vember and the 18th of December. These facts, 
of the reality of which Schroeter entertained not 
. the least doubt, must be considered as very curi- 
ous and extraordinary phenomena.* 
_\ ‘Herschel’s observations nearly agree with those 

of Schroeter, excepting that he estimates the di- 
ameter of the nucleus as very much smaller than 
what is stated above. He estimates the greatest 
length of the tail, as seen on the 15th of October, 
to have been 100,000,000, or a hundred millions of 
miles, which consequently extended over a space 
larger than that which intervenes between the 
earth and the sun; and its breadth, as deduced 
from the observations of October the 12th, nearly 
fifteen millions of miles.. He calculated its dis- 
tance when nearest to the earth to be about 113 
millions of miles. He concluded that .the solid 
matter of the comet was spherical, that it shone 
in part by its own native light, and that it proba- 
bly hada rotation round its axis. From the most 
accurate observations of the motion of this comet, 
its period of revolution has been calculated to ex- 
ceed 3000 years.. Bessel computes it at 3383 years; 
and several other astronomers conceive its period 
to be considerably longer, even exceeding 4000 
years. 

9. Reappearance of Halley's Comet in 1835. The 
return of this comet was calculated by Messrs. 
Damoiseau and Pontecoulant; the former of whom 
calculated its return to the perihelion on the 4th, 
and the latter on the 7th of November, 1835, and 
it actually arrived at that point only a few days 
after these periods, namely, on the 16th of No- 
vember. It was first seen on the continent in the 
month of August that year, but.does not appear 





* Having referred, on various ocvasions, to the observa- 
tions of that indefatigable astronomer, Sehrocter, of Lilien- 
thal, it may not be uninteresting to some readers to insert 
the,account of the losses he sustained by the burning and 
plunder of his observatory, as expressed in his own pathetic 
language : 

« At length, after the most touching afflictions of mortali- 
ty, Lonce more awake in my temple consecrated to the 
Eternal Godhead, and am again able, after a total derange- 
ment of my affairs, to edit these collections concerning the 
great comet of 1811. Through the most barbarous fury, in 
consequence of an equally barbarous decision, the whole in- 
nocent soft vale of Lilies (the signification of the name of 
Lilienthal, where his observatory was situated) was burnt 
to the ground, without any previous examination, They 
likewise burnt down the royal government buildings. I lost 
my whole movable property, and, what was most sensibly 
felt by me, amongst it, with a considerable loss also to the 
booksellers of Europe, the sole copy of the whole of my 
works and writings deposited in the government house,— 
Even my observatory, preserved by Providence from the fire, 
was a few days afterward broken into, plundered, and 
shamefully thrown into confusion by demolishing the clocks, 
breaking off the finders from the instruments, and carrying 
off the smaller instraments. Previously, indeed, having 
been removed from my post, my income had gradually be- 
come so very straitened, [ was obliged to forego ail but the 
most necessary outlays, and to give myself up to a scienti- 
fic slumber. Under the endurance of these troubles all my 
scientific patrons and friends will doubtless, as far as possi- 
ble, excuse me, if through melancholy, and on account of 
the extraordinary high rate of postage, I have been com- 
pelled to put out of sight so many obligations of courtesy, 
for to the present time everything is so straitened with me 
that my observatory, from want of time and heavy expenses 
is for the most part a confusion. 

“Jou. Hieronym. ScHROETER.” 

“Tilienthal, Jan. 22, 1815.” 


Schroeter did not Jong survive the calamity alluded to 
above. He died on the 29th of August, 1816, in the 71st 
year of his age. 





to have been noticed in the northern parts of Bri- 
tain until more than a month afterward. Its ex- 
pected reappearance excited universal attention 
throughout Europe. Soon after the middle of 
September, as I was taking a sweep with a two- 
eet telescope over the north-eastern quarter of 
the heavens, near the point where I expected its 
appearance, I happened to fix my eye on this long- 
expected visitor, which appeared very small and 
obscure. I+ immediately directed an excellent 
three and ahalf feet achromatic telescope, witha 
diagonal eye-piece, magnifying about thirty-four 
times, to the comet, when it was distinctly seen, 
and appeared of a considerable diameter, but still 
somewhat hazy and obscure. I afterward applied 
a power of forty-five, and another of uinety-five: 
but it was seen most distinctly with the lower 
power. With ninety-five it appeared extremely 
obscure, and nearly of the apparent size of the 
moon.* There appeared at this time nothing like 
a tail, but the central part was much more lumi- 
nous than the other portions of the comet, and 
presented something like the appearance ef a star . 
of the third or fourth magnitude surrounded with 
ahaze. In some of the views I took of this ob- 
ject, the luminous part or nucleus appeared to be 
considerably nearer one side than another. At 
this period, and for-a week or ten days afterward, 
the comet was altogether invisible to the naked 
eye. Many subsequent observations were made, 


|and published in the provincial newspapers, but 


which my present limits prevent me from insert- 
ing. E f 

After the comet became visible to the naked 
eye, the tail began. to appear, and increased in 
length as it approached its perihelion, and at its 
utmost extent was estimated to be above thirty 
degrees in length. On the 13th of October, ac- 
cording to the observations of Arago, a luminous 
sector was visible in its head; on the day follow- 
ing, the sector had disappeared, and a more bril- 
liant one and of greater longitudinal extent was 
formed in another place. This second sector was 
observed on the 17th, when it appeared less bright; 
and on the 18th its weakness had decidedly in- 
creased. The comet was concealed until the 21st, 
but on that day three distinct sectors were visible 
in the nebulosity. On the 23d, all traces of these 
sectors had disappeared, the nucleus, which had, 
previously been brilliant and well-defined, having 
become so large and diffuse that the observer 
could scarcely believe in the reality of such a sud- 
den and important alteration, until he satisfied him- 
self that the appearance was not occasioned by 
the moisture on the glasses of his instrument. It 
appears, likewise, that one of these luminous fans 
or sectors was observed by Sir J. Herschel, at the 
Cape of Good Hope, after the comet had passed 
its perihelion. The nebulosity of this comet ap- 
pears to have increased in magnitude as it ap- 
proached the sun, but its changes were sometimes 
unaccountably rapid. .On one occasion it was ob- 
served to become obscure and enlarged in the 
course of a few hours, though a little before, its 
nucleus was clear and well-defined.. On the 11th 
of October, the Rev. T. W. Webb, and two other 
observers, observed coruscations in the tail. O 
that evening, at 7h. 30’, the tail was very conepit: 
cuous, extending between x and 7 Draconis, and 
evidently fluctuated, or rather coruscated, in 
length, being occasionally short, and then stretch- 





* In viewing comets, telescopes with large apertures and 
comparatively low magnifying powers should generally be 
used, as the faint light emitted by comets, whether it be in 
herent or reflected, will not permit the use of so high mag 
nifying powers as may be applied to the p anets. 
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ing, in the twinkling of an eye, to its full extent, 
which was at least equal to ten degrees. Its changes 
were extremely similar to the kindling and fa- 
ding of a very faint streamer of the Aurora Bore- 
alis. fe 

“The influence of the ethereal medium on the 
motion of Halley’s comet will be known after an- 
other revolution, and future astronomers will learn, 
by the accuracy of its returns, whether it has met 
with any unknown cause of disturbance in ‘ts 
distant journey. Undiscovered planets beyond the 
visible boundary of our system may change its 
path and the period of its revolution, and thus 
may indirectly reveal to us their existence, and 
even their physical nature and orbit. The secrets 
of the yet more distant heavens may be disclosed 
to future generations by comets which penetrate 
still farther into space, such as that of 1763, 
which, if any faith may be placed in the compu- 
tation, goes nearly £3 times farther from the sun 
than Halley’s does, and shows that the sun’s at- 
traction is powerful’ enough at the distance of 
144,600 millions of miles to recall the comet to its 
perihelion. The periods of some comets are said 
to be many thousand years, and even the average 
time of the revolution of comets generally is about 
a thousand years; which proves that the sun’s 
gravitating force extends very far. La Place es- 
timates that the solar attraction is felt throughout 
a sphere whose radius is a hundred millions of 
times\greater than the distance of the earth from 
the sun.” “The orbit of Halley’s comet is four 
times longer than it is broad; its length is about 
3420 millions of miles, about 36 times the mean 
distance of the earth from the sun. At its peri- 
helion ‘it comes within 57 millions of miles of the 
sun, and at its aphelion it is 60 times more distant. 
On account of this extensive range, it must expe- 
rience 3600 times more light when nearest to the 
sun than in the most remote point of its orbit. In 
the one position the sun will seem to be four times 
larger than he appears to us, and at the other he 
will not be apparently larger than a star.* 

The appearance of this comet, so near the time 
predicted by astronomers, and in positions so near- 
ly agreeing with those which were previously cal- 
culated, is a clear proof of the astonishing accu- 
racy which has been introduced into astronomical 
calculations, and of the soundness of those prin- 
ciples on which the astronomy of comets is found- 
ed. It likewise shows, that comets, in general, 
are permanent bodies connected with the solar sys- 
tem, and that no very considerable change in their 
constitution takes place while traversing the dis- 
tant parts of their orbits.t 

From the preceding historical sketches and de~ 
scriptions, the reader will learn something of the 





* Mrs. Somerville’s “Connection of the Physical Sci- 
ences,” a work which, though written in a popular style, 
would do honor to the first philosophers of Europe. Of this 
lady’s profound mathematical work on the “ Mechanism of 
the Heavens,” the Edinburgh Reviewers remark—< It is un- 
questionably one of the most remarkable works that female 
intellect ever produced in any age or country; and with re- 
spect to the present day, we hazard little in saying, that 
Mrs. Somerville is the only individual of her sex in the 

° igs who could have written it.” 

t The most particular observations on Halley’s comet, 
daring its appearance in 1825, which I have seen, are those 
which were made by the Rey. 'T. W. Webb, of Tretire, 
near Ross, an account of which, with deductions and re- 
marks, was read to the Worcestershire Natural’ History So- 
ciety, The observations were made with an excellent ach- 
romatic telescope by Tulley, of 5 feet 6 inches focal length, 
and 47-10 inches aperture, Through the kindness of this 
gentleman I was favored with a manuscript copy of these 
observations, and would have availed myself of many of 
his judicious remarks, had my limits permitted, ‘ 
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general phenomena of comets; and I 
briefly inquire into the opinions which. 1aV 
formed respecting the a? 


PHYSICAL CONSTITUTION OF COMETS. 
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On this subject our knowledge is vety imper- 
fect; in fact, we may be said to know little or no- 
thing of the physical construction of those mys- 
terious bodies, or of the nature of the subs 
of which they are composed. In regard to 
nebulosity of comets, where there appears no 
cleus, it has been conjectured to be composed of — 
something analogous to globular masses of vapor,» 
slightly condensed toward the center, and shining 
either by inherent light or by the reflected rays 
of the sun. When there is a nucleus in the cen- 
ter of a comet, it seldom happens that the nebu- 
losity extends to it with a gradually increasing 
intensity. On the contrary, the parts of the neb- 
ulosity near the nucleus are but slightly lumin- 
ous, and seem to be extremely rarefied and trans- 
parent. At some distance from their center, their 
shining quality is suddenly increased, so that it 
looks like a ring of invariable size resting in equi- 
librium around the center. Sometimes two, and 
even three of these concentric rings have been , 
perceived separated by intervals; but what ap- 
pears to be a ring must in reality be a spherical 
covering, an idea of which may be formed by im- 
agining, in our atmosphere, at three different 
hights, three continued layers of clouds entirely 
covering the globe. The matter of the nebulos- 
ity is so rare and transparent that the smallest 
stars may frequently be seen through it. 

As to the nucleus, it is generally considered as 
the solid or densest part of the comet. The nuclei 
of comets are sometimes very similar to the discs 
of planets, both in form and brightness. They are 
generally small compared with the whole size of 
the comet; but in'some cases they are of consid- 
erable magnitude, as we have already stated in re- 
spect to the comets of 1807 and 1811. Some 
suppose that the nuclei of comets are transparent 
as well as their nebulosities, and allege as a proof 
that stars have been seen through a nucleus. Thus, 
Montaigne is said to have seen a star of the sixth 
magnitude through the nucleus of a small comet, 
and Olbers saw a star of the seventh magnitude, 
although it was covered by a comet, and without 
ils light being rendered less powerful; but the ac- 
curacy of such observations has been called in 
question. On the other hand, it has been conclu- 
ded that the nucleus of a comet has on several 
occasions eclipsed a star which was in the same 
line of vision. Messier, when observing the 
small comet of 1774, perceived a star which was 
eclipsed by the opaque body of a comet, or at 
least, all the circumstances attending it led to that 
conclusion. On the 28th of Nov. 1828, at 10h. 
30’, rp. m., M. Wartmann, at Geneva, perceived a 
star of the eighth magnitude completely eclipsed 
by Encke’s comet. Comets have likewise been 
observed to transit the disc of the sun like dark 
spots. M.Gambart, of Marseilles, calculated that 
a comet which he had observed would pass across 
the sun on the morning of the 18th of Nevember, 
1826, and both he and M. Flaucerques were suc- 
cessful in obtaining a sight of it during. its transit. 
Mr. Capel Llofft, on the 6th June, 1318, at ll, 
4. M., saw a body passing over the sun’s disc, 
which appears to have been a comet. It was 
likewise seen on the same day by Mr. Acton, at 
2h. 30’, considerably advanced beyond the point in 
which it was seen at 11, a. m., and its progress 
over the disc seems to have exceeded that of Venus 
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in transit. “These observations seem evidently 
to indicate that some comets at least have nuclei 
composed ‘of solid and opaque materials: From 
- all the observations in relation to this point, col- 
_ tected by M. Arago, he deduces the following 
conclusions: 1. That there exist some comets 


& destitute of the nucleus. 2. That there are other 


comets, the nuclei of which’ are transparent. 3. 
That there are also comets, which are more bril- 
iant than the planets, the nuclei of which are 
ybably solid and opaque.’ 

In respect to the tail, or luminous train which 
“generally accompanies comets, it is found that it 
“is generally in opposition to the sun, or on the 

prolongation of the line which would join the 
sun and the nucleus. But this is not always the 
case. Sometimes the direction of the tail has 
been found at right angles with this line; and in 
some extraordinary instances, the tails of comets 
have been observed to point directly toward the 
sun. This was the case with a comet that ap- 
ee in 1824, which for about eight days ex- 

ibited an additional luminous train in opposition 
to that which assumed the ordinary direction. 
This anomalous tail, according to Olbers, was 7° 
long, while the other was only 314°, and it was 
bright enough to be seen with an opera-glass. In 
general, however, it is found that the tail inclines 
constantly toward the region last quitted by the 
comet, as if in its progress through an ethereal 
medium, the matter forming it experienced more 
resistance than that of the nucleus. The tail is 








generally enlarged in proportion to its distance | 


from the head of the comet, and in certain cases 
it is divided into several branches, as already no- 
ticed of the comet of 1807. Some have supposed 
that the divided tail is nothing more than a per- 
spective representation of the sides of a great hol- 
low cone; but there are certain observations which 
seem to prove that, in some cases, they have a 
separate existence as independent branches. The 
most remarkable instance of a divided tail was in 
the comet of 1744. On the 6th and 7th of March, 
there were six branches in the tail, each of them 
about 4° in breadth, and from 30° to 40° long. 
Their edges were pretty well defined and tolerably 
bright; their middle emitted but a feeble light, 
and the intervening spaces were as dark as the 
rest of the firmament. The tails of comets, as 
already noticed, sometimes cover an immense 
space in the heavens. The comet of 1680 had a 
tail which extended to 68°, that of 1811 to 23°, 
and that of 1769 to 97° in length; so that some 
of these tails must have reached from the zenith 
to the horizon. The length of the tail of the 
comet of 1680, estimated in miles, was 112,750,- 
000; that of 1769, 44,000,000; and that of 1744, 
8,250,000 miles. A body moving at the rate of 
20 miles every hour would not pass over the space 
occupied by the tail of the comet of 1680 in less 
than 643 years. It has been supposed by some 
astronomers that certain changes in the appear- 
ance of the tails of comets arise from the rotation 
of the cometary body; as some comets have been 
supposed to rotate about an axis passing through 
the center of the tail, such as that of 1825, which 
was concluded from certain appearances, to per- 
form its rotation in 20 hours, 30 minutes. 

As to the nature of the immense tails of comets, 
their origin, or the substances of which they are 
composed, we are entirely ignorant, and it would 
be wasting time to enter into any specula- 
tion on this subject, as nothing could be pre- 
sented to the view of the reader but vague con- 
jectures, gratuitous hypotheses, and unfounded 
theories. | 





| sition. 
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MISCELLANEOUS REMARKS ON COMETS. 


1. Whether comets shine with their own native 
light, or derive their light from the sun?—This is a 
question about which there have been different 
opinions, and at the presént moment it may be 
considered as still undetermined, though the pro- 
bability is, that in general, they derive their light 
from the same source as the planets. It appears 
to have been the opinion of both Schroeter and 
Herschel, that the comet of 1811 shone by inhe- 
rent light; and the rapid variations which have 
been observed in the brightness of the nucleus, 
and the coruscations. of the tail, are considered 
by some as inexplicable on any other hypothesis. 
It is likewise supposed that certain phenomena 
which have been observed in the case of faint and 
rarefied comets tend to corroborate the same po- 
For example, Sir J. Herschel, on Septem- 
ber 23, 1832, saw-a small group of stars of the 
16th and 17th magnitude through the comet of 
Biela. Though this group could have been ef- 
faced by the most trifling fog, yet they were visi- 
ble through a thickness of more than 50,000 miles 
of cometary matter; and therefore it is supposed 
scarcely credible that'so transparent a material, 
affording a free passage to the light of such mi- 
nute stars, could be capable of arresting and re- 
flecting to us the solar rays. On the other hand, 
it has been objected to this opinion, that comets 
have appeared as dark spots on the disc of the 
sun; that their light exhibits traces of polarization: 
and that they have been’ occasionally observed to 
exhibit phases. M. Arago remarks, that ‘on the 
very day that any comet shall appear with a dis- 
tinct phase, el] doubts on this subject will have 
ceased.”? But it is considered doubtful whether 
any decided phase has yet been perceived, although 
some observers were led, from certain phenomena 
to infer that something like a phase was presented 
to their view. It is found that all direct light 
constantly divides itself into two points of the 
same intensity when it traverses a crystal pos- 
sessing the power of double refraction; reflected 
light gives, on the contrary, in certain portions 
of the crystal through which itis made to pass, 
two images of unequal intensity, provided the 
angle of reflection is not 90°; in other words, it 
is polarized in the act of reflection. On this princi- 
ple, M. Arago pointed out a photometrical method 
of determining whether comets borrow their light 
froin the sun, or are luminous in themselves. On 
the 23d of October, 1835, having applied his new 
apparatus te the observation of Halley’s comet, 
he immediately saw two images presenting the 
complementary colors, one of them red, the other 
green. By turning the instrument half round, 
the red image became green, and vice versa. He 
concluded therefore that the light of the comet, 
at least the whole of it, is not composed of rays 
possessing the property of direct light, but con- 
sists of that which is polarized or retlected specu- 
larly: that is, of light derived from the sun. These 
experiments were repeated with the same result 
by three other observers in the Observatory of 
Paris. 

2. It appears to be a remarkable fact in respect. 
to comets, that the real diameter of the nebulosity 
increases proportionably as the comet BECOMES DISs~ 
Hevelius. appears to have 
been the first who made this observation; but it 
seems to have been overlooked, and even an 
opposite position maintained. As the. tails of 
comets increase in Jength as they approach their 
perihelia, so it was generally considered that the 
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nebulosities followed the same law; but the ob- 
servations which have lately been madeon Bicla’s 
comet have confirmed the obsérvations of Heve- 


lius. On the 28th of October, 1828, this comet | 
| throughout the universe. 


was found to be nearly three times farther from 
the sun than on the 24th ¢ 
proportion of 1.4617, to 0.5419, yet in October 
its diameter was about twenty-six times greater 
than in December, or in the proportion of 79.4 to 
3.1; that. is, its solid contents on the 28th of Qe- 
tober were 16,800 times greater than on the 24th 
of December, and the smallest size of the comet 
corresponded to its least distance from the sun. 
M. Valz, of Nimes, and Sir John Herschel have 


attempted. to account for this circumstance on | 


very different principles, but neither hypothesis 
appears to be satisfactory. 

3. Whether a comet may ever come in contact with 
the earth, and produce a concussion?—-As comets 
move in orbits which form extremely elongated 
ellipses; as they move in all imaginable directions; 
as they traverse almost every part of the solar 
system in ‘returning from the farthest verge of 
their excursions; as they penetrate within the 
interior of the planetary orbits—even within the 
orbit of Mercury, and cross the orbits of the earth, 
and the other planets, i is not impossible that a 
comet may come in contact with our globe. An 
apprehension of such an event produced a.con- 
siderable degree of alarm on the continent at 
different periods, particularly in 1773 and 1832, 
as formerly stated: But when we consider the 
immense cubical space occupied by the planetary 
system in which the comets move, and compare 
it with the small capacities of these bodies; and 
when we take into view certain mathematical 
calculations in reference to the subject, the pro- 
bability of a shock from’a comet is extremely 
small. 
of which we only know that at its perihelion it is 
nearer the sun than we are, and that its diameter 
is one-fourth of that of the earth, the calculation 
of probabilities shows that of 281,000,000 of 
chances there is only one unfavorable. there exists 
but one which can produce a collision between 
the two bodies. As for the nebulosity, in its most 
general dimensions; the unfavorable chances will 
be from ten to twenty in the same number of 
two hundred and eighty-one millions. Admitting 
then, for a moment, that the comets which may 
strike the earth with their nuclei would annihilate 
the whole human race, then the danger of death 
to each individual, resulting from the appearance 
of an unknown comet, would be exactly equal to 
the risk he would run if in an urn there was only 
one single white ball of a total-number of 281,- 
090,000 balls, and that his condemnation to death 
would be the inevitable consequence of the pa 
ball being produced at the first drawing.” ” 

When we consider that a Wise and Almighty 
Ruler superintends and directs the movements of 
all the great bodies in the universe, and the erratic 
motions of comets among the rest; and that no 
event can befall our world without his sovereign 
permission and appointment, we may repose our- 
selves in perfect security that no catastrophe from 
the impulse of celestial agents shall ever take 
place but in unison with his will, and for the 
accomplishment of the plans of his universal 
providence. At the same time, the possibility of 
a shock from a large comet shows us that this 
earth and all its inhabitants are dependent for 
their present existence and comforts on the will 
of an Almighty Agent, “in whom we live, and 


move, and have our being;” and that were it | 


conformable to his allwise and eternal designs 


December, or in the | 


“ Let us suppose,” says Arago, “a comet | 
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he could easily disarrange the structure of 0 1 
globe, and reduce its inhabitants either to misery 
or to complete destruction; and that, too, without 
altering a single physical law which now operates 
If we recognize the Scriptures as a revelation 
from God, we may rest assured that no danger 
from, such a cause can happen to our world for 
ages yet to come; for: there are many important 
predictions contained in Revelatior which hay 
not yet received their accomplishment, and must 
be fulfilled before any fatal catastrophe can ha en 
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to our globe. It is predicted that the Jews shall ‘. 
be brought. into the Christian church “with the 


fullness of the Gentiles,’’—that “the idols. of the 
nations shall’ be abolished,”—that ‘wars shall 
cease to the ends of the earth,’”’—that the king- 
dom of Messiah shall extend over all nations,— 
that “the knowledge of Jehovah shall cover the 
earth, and that all shall know him from the least 
to the. greatest,’’—that “ the earth shall yield its 
increase,’ and its desolate wastes be cultivated 
and’ inhabited,—that moral order shall prevail, 
and “righteousness and praise spring forth before 
all the nations,’”’—and that this happy era of the 
world shall continue during a lapse of ages. 
These events have not yet been accomplished; 
though at the present moment they appear either 
in a state of commencement or of progression; 
but they cannot be supposed to be fully realized 
until after a lapse of centuries. The believer in 
Divine revelation, therefore, has the fullest assu- 
rance that, whatever directions comets may take 
in their motions toward the center of our system, 
none of them shall be permitted to impinge upon 
our globe, or to effect its destruction, for at least 
a thousand. years to come, or until the above and 
other predictions be completely accomplished. 

4. Another question occurs on this subject— 
namely, whether any comets have ever fallen into 
the sun?—It was the opinion of Sir Isaac Newton 
that one purpose for which comets are destined is, 
to recruit the sun with fresh fuel, and repair the 
great consumption of his light by the streams 
continually emitted every way from that lumin- 
ary; and that such comets as come very near the 
sun in their perihelions meet every time with so 
much resistance from his atmosphere as to abate 
their projectile force; by the constant diminution 
of which, the centripetal power, or gravitation 
toward the sun, would be so increased as to make 
them fall into his body. On a similar principle, 
Arago supposes that the comet of 1680, which 
approached so near the body of the sun, must 
have passed nearer to his surface at that time than 
at its preceding apparitions; that the decrease in 
the dimensions of the orbit will continue on each 
succeeding return to its point of perihelion; and 
that “it will terminate its career by falling upon the 
sun.’ But he acknowledges that, “from our 
ignorance of the densities of the various strata of 
the sun’s atmosphere, of that of the comet of 
1680, and of the time of its revolution, it will be 
impossible to calculate after how many ages this 
extraordinary event is to happen;” and he like- 
wise admits that, “the annals of astronomy do 
not afford any reason to suppose the previous 
occurrence of such an event since the origin of 
historical record;’? so that we have no direct 
evidence that such an event has ever taken place, 
or that it ever will. We know too little of the 
physical constitution of the sun, and of the nature 
of comets, to be able to assert that the falling of 
a comet into the sun would actually recruit the 
luminous matter of which his outer surface is 
composed; for we have reason to believe that there 





oy 
a be rendered luminous without the addition of any 


little or no analogy between the mode in which 
ve supply our fires by means. of fagots, and that 
by which the solar light is recruited and preserved 
in its pristine vigor; and, beside, it is found that 
bodies, particularly in certain electric states, may 


~ extraneous body to their substances. 


a ¥ 
OF THE INFLUENCE OF COMETS ON THE EARTH. 


In former times the appearance of comets was 
supposed to be the forerunner of wars, revolu- 
tions, famine, pestilence, the deaths of great men, 
earthquakes, inundations, and other calamities. 


* When the splendid comet of 1456 appeared (sup- 


posed to be the same as Halley’s comet), its tail 
extended at one time over more than 60 degrees. 
Three days before its perihelion, its nucleus was 
as bright as a fixed star, its tail of the color of 
gold, and it appears to have exhibited corusea- 
tions. Pope Calixtus, believing it to be at once 
the sign and instrument of Divine wrath, was so 
frightened at its appearance that he ordered public 
prayers to be offered up in every town, and the 
bells to be tolled at the noon of each day to warn 
the people to supplicate the mercy of Heaven. 
He at the same time excommunicated both the 
comet and the Turks, whose arms had lately 
proved victorious against. the Christians, and es- 
tablished the custom, which still exists in Catholic 
countries, of ringing the church bells at noon. 
Tn modern times, certain natural.effects have like- 
wise been attributed to the influence of comets; 
such as tempests, hurricanes, volcanic eruptions, 
cold’ cr hot seasons, overflowings of rivers, fogs, 
dense clouds of flies or locusts, the plague, the 
dysentery, the cholera, and other disorders. 

Mr. T. Forster, a respectable writer on natural 
science, author of “ Researches about Atmospher- 
ical Phenomena,”’ &c., published in 1829 a work 
on the “Atmospherical Causes of Epidemic Dis- 
eases,”” in which he maintains that the most un- 
healthy periods are those during which some great 
comet has been seen; that the appearance of 
these bodies has been accompanied . by earth- 
quakes, eruptions of volcanoes, and atmospheric 
commotions; and that no comet has been seen 
during seasons of healthiness. -For example, in 
the year 1665 a comet made its appearance, and 
soon after its disappearance, the city of London 
was ravaged by the plague. In 1680 one of the 
most splendid comets which have been observed 
in modern times made its appearance. -The atmo- 
spheric effect produced by its influence, according 
to Mr. Forster, was “a cold winter, followed by a 
cry and hot summer,”’ and “meteors in Germany.”’ 

As the influence of comets on our globe and its 
atmosphere (if such an influence exist) must have 
a respect to the whole earth, and not merely to 


any particular portion of it, we might ask in. 


reference to the first example, why did not the 
comet of 1665, produce a similar effect in Am- 
sterdam, Vienna, Paris, and Madrid, and in the 
principal cities of Asia, Africa, and America? 
But of such effects we never had the least intima- 
tiom. In respect to the second example, we are 
warranted to inquire, whether the cold winter 
wus followed by a hot summer in every other 
climate of the earth? whether meteors were as 
common in other countries as in Germany? and 
whether the comet produced opposite effects, at 
one time congealing the pools and rivers, and at 
another scorching the earth with heat? If such 
questions cannot be satisfactorily answered, we 
are not warranted in attributing such effects to 
the influence of comets. 


‘Fi WHETHER COMETS MAY PROVE DESTRUCTIVE. 


flowing of that river. 
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We err egregiously, in this as well as in many 
other respects, when we infer, from two contem- 
poraneous events, that, the one is either the sign 
or the cause of the other. It is on a principle of 
this: kind that some persons are led to attribute 
the events to which we have alluded to the influ- 
ence of comets. Because an inundation, a war, 
a political convulsion, or a volcanic eruption has 


taken place at the time of the approach of a 


comet to this part of our system, therefore they 
conclude that there must bea certain connection 
between such events, and that the one is the cause, 
and the other the effect; while the two events, in 
point of fact, may not have the slightest relation 
to each other, except their casual occurrence at. 
the same period. We might, on the same grounds, 
infer that the rising of the star Sirius along with 
the sun, which announced to the Egyptians the 
rise of the Nile, was the cause of the annual over- 
Beforewe can identify any 
event with the influence of a comet, we must not 
confine our views to an event or two in our 
immediate neighborhood, but must endeavor to 
ascertain whether similar events or phenomena 
have happened on every part of the earth at the 
same period. As comets, either large or smal, 
either visible to the naked eye or through a tele- 
scope, make their appearance at an average almost 
every year, and as epidemics, political commo- 
tions, earthquakes, hurricanes and similar events 
are always to be found occurring in some particular 
portions of the globe, we should never be ata loss 
for a physical cause to account for everything that 
happens here below, if comets are to, be supposed 
to haye such an influence over terrestrial affairs. 
Whatever takes place in, any country of an 
uncommon nature might then. be attributed to a 
comet which is either approaching the center of 
our system or receding from it. ; 

It is remarkable that the announcement. of a 
comet has generally been received with melan- 
choly anticipations, and the effects attributed to 
its influence have uniformly been of a calamitous 
nature. But why should it not be the precursor 
of prosperous events—of peace, plenty, social 
tranquillity, and genial seasons-—as well as of 
wars, famines, revolutions, cold winters, and 
parched summers? It seems something like a 
reflection on the general benevolence of the Deity 
to imagine that he has created such a vast number 
of bodies, and directed their course through every 
part of the planetary regions, chiefly for the pur- 
pose of “shaking from their horrid hair’? wars, 
famine, and pestilence; for if they produce such 
effects upon the earth, we might. with equal rea- 
son believe that they produce similar effects on 
the other planets of our system as they pass along 
in their course toward the sun; and this would 
lead us to infer that the inhabitants of all the 
planetary orbs are liable to the same disasters 
and calamities as the inhabitants of the earth; a 
position which seems scarcely consistent with the 
boundless benevolence of the Divine mind. 

But although I do not admit the conclusions 
and the cometary influences to which I have 
alluded, L am far from asserting that comets have 
no influence whatever over our globe or its sur- 
rounding atmosphere. The universe is one great _ 
whole, and all its parts, however remote, must be — 


‘supposed to have a certain relation to one another; 


and they may produce an influence, however 
small and imperceptible, on each other at tho 
greatest distances. The remotest star perceptible 
to the eye may produce a certain physical influ- 
ence on our globe, though so small and insensible 
as to be beyond the limits of the nicest calcula- 


a 


and there may be many effects produced by its 
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tion; and therefore comets which sometimes ap- | 
proach pretty near the earth may produce a certain 
sensible effect upon our globe, particularly should 
a portion of their immense tails at any time sweep 
along the higher regions of our atmosphere. But 
what, special influence or effects they may pro- 
duce on the physical economy of our terrestrial | 
system it is impossible for us, in the meantime, 
distinctly to ascertain, from our ignorance of the 
constitution of those mysterious bodies, and of 
the substances of which they are composed. 
While too much has doubtless been attributed to 
the influence of comets, it would be verging to an 
opposite extreme to maintain that they can pro- 
duce no effect at all on our earth and atmo- 
sphere. We know that certain celestial bodies 
produce a powerful influence on our globe. The 
mgon, in conjunction with the solar influence, 
rules the ocean and perpetuates the regular returns 
of ebb and flow. Its light not only cheers our 
winter nights, but produces a variety of other 
influences both on the human constitution, the 
atmosphere, and on the productions of the earth; 


agency with which we are as yet-unacquainted.* 
The sun not only diffuses light over every region 
of the earth for the purpose of vision, but rays or 

nations invisible to our sight proceed from 
his body, which promote evaporation, the growth 
of vegetables, and the various degrees of tempera- 
ture which prevail throughout the globe. These 
emanations are likewise found to produce certain 
chemical effects, to dissolve certain combinations 
of oxygen, and to give polarity to the magnetic 
needle; and many other effects, of which we are 
ignorant, may afterward be found to proceed from 
those invisible irradiations. The larger planets, 
Jupiter and Saturn, and those which are nearest 
to us, as Venus and Mars, may likewise produce 
certain effects on our globe, both in virtue of their 
attractive power and of the peculiar nature of 
the reflected rays they transmit to the regions we 
oceupy. . 

We cannot therefore but conclude, that comets 
may exert a peculiar influence on our terrestrial 
system in addition to that of other celestial bodies, 
and different from it, particularly those whose 
bulk and masses are considerable, and which ap- 

Ai 
proach nearest to the earth. Their light, whether 








* It is stated by Mr. Martin, in his ‘ Description of the 
Western Isles,” that ‘peat dug in the increase of the moon 
continues moist and never burns clear, while the contrary is 
observed of that cut inthe decrease; and that earthen dykes 
thrown up in the latter season are alone found to possess 
stability.’ It is alsa stated as a fact, that “if an animal 
fresh killed be exposed to the moon's rays, it will in a few 
hours become putrid, while another animal, only a few feet 
distant, protected from their influence, will not be in the 
least affected; that fruits exposed to moonlight haye been 
known to ripen much more readily; that plants bleached in 
the dark recover their color from the beams of a full moon; 
and that in south America, trees cut at the full moon split 
almost immediately, as if torn asunder by great external 
force. Fish are said to be rapidly decomposed in the West 
Indies when taken by moonlight.”°— Webl’s MS. Treatise on 
Comets. Unless such alleged facts can be disproved, we 
must admit that the moon may have a certain influence in 
such cases, though we may be unable to explain the mode 
by which it is effected. In Carne’s ‘ Letters from the 
Kast,”’ we are told, that “the effect of the moonlight onthe 
eyes in eastern countries is singularly injurious. The 
natives tell you always to cover your eyes when you sleep 
in the open air. The moon here really strikes or affects the 
sight, when you sleep exposed to it, much more than the 
sun; a fact of which I had a very unpleasant proof one 
night, and took care to guard against it afterward. Indeed, 
the sight of a person who should sleep with his face ex- 
posed to the moon at night would soon be utterly impaired 
or destroyed.” This cireumstance strikingly illustrates the 
expression of the Psalmist—* The sun shall not strike or 
smite thee by day, nor the moon by night.” 
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native or reflected, appears to be peculiar, an 

the margin of their immense tails may occasion~ 
ally graze our atmosphere when we are not aware 
of it, and may produce a peculiar effect different 
from that produced by the other bodies of our 
system; but what that special effect is has not ; 
hitherto been determined; for the mere coinci- — 
dences of cota events with the appearance of 

comets cannot be supposed to be owing to their 

peculiar influence, unless such events are found 
uniformly to happen on the apparition of a comet, 
and that too throughout a great portion of the 
earth. This subject is worthy of some attention; 
and perhaps future observers, by more accurate 


observations than have hitherto been made, may 


throw some light on an influence which, on the 
one hand, has been perhaps too rashly set aside, 
and on the other, carried to a pitch of extravagance 
beyond the line of sober reason and observation, 

a it not be supposed that, in admitting that 
comets may have an influence on our globe, I 
mean to give the least countenance to foolish 
superstitions, or to the absurdities of astrology, 
since all that I would be disposed to admit in the 
present case is purely a physical influence; an 
influence which may exist, although we have not 
yet been able to discriminate its specific effects. 
The most eminent philosophers have been dis- 
posed to admit such an influence. Sir Isaac 
Newton supposed that “the atmospheres and tails 
of comets may supply the planets with moisture, 
which is continually wasting by the growing of 
vegetables out of water and turning into earth;” 
and that from the same source may be derived 
“the purest part of our air, which is requisite for 
the existence of living beings.’ These opinions, 
indeed, cannot be proved, and they are evidently 
untenable; but they show that that great philoso- 
pher admitted the influence of comets. M. Arago, 
although he scouts the vulgar idea of comets 
being the cause of most calamitous events, yet 
he admits that, “not only cometary matter may 
fall into our atmosphere, but that this phenome- 
non is of a nature to occar frequently, and ma 
possibly produce those epidemic diseases whic 
have been attributed to it.” 

A variety of questions has been started respect- 
ing cometary action and influence, beside those 
to which we have now alluded. It has been a 
question whether we ought to have recourse to 
the action of a comet to account for the rigor of 
the climate of North America? It is found that in 
the northerm regions of America,‘the climate in 
the same latitude is much colder than in Europe. 
To account for this, Dr. Halley supposed. that a 
comet had formerly struck the earth obliquely, 
and changed the position of its axis of rotation, 
In consequence of that event, the North Pole, 
which had been originally very near to Hudson’s 
Bay, was changed to a more easterly position; 
but the countries which it abandoned had been 
so long a time, and so deeply frozen, that ves- 
tiges still remain of its ancient polar rigor, and 
that a long series of years would be required for 
the solar action to impart to the northern parts 
of the new continent the climate of their present 
geographical position. But we have no proof 
that a comet has ever struck the earth, or that its 
concussion would have the effect to change the 
direction of the terrestrial axis. Beside, it is well 
known that the Asiatic coast is equally cold in 
the same latitudes as the Atlantic shores of North 
America. ; 

It has likewise been a subject of inquiry 
whether the depression of the soil of a great part of 
Asia has been produced by the shock of a comet; 
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“and whether Siberia ever experienced a sudden 
change by a similar event? This latter inquiry 
has been suggested by the circumstance of the 
bones of elephants, rhinoceroses, and other ani- 
mals peculiar to the torrid zone, having been 
‘found imbedded in the strata of that country, 
which has led to the eee Siberia was, 
at some remote period, compri within the tro- 
pics. But there is no proof, nor even probability, 
that the action of a comet was concerned in 
either case. 
small planets, Vesta, Juno, Ceres, and Pallas, the 
supposed fragments of.a large planet, may have 
been broken to pieces by the shock of a comet. 
The circumstance that two of these planets, Ce- 
res and Pallas, are encompassed with an atmo- 
sphere of great density and elevation has been 
brought forward as a presumptive: proof of the 
reality of such a concussion, and that the come- 
tary atmosphere, not being liable to destruction 
by the percussion, was imparted to these planets. 
But when we consider the very small density of 
comets, it appears not at all probable that even a 
direct concussion from such a body would have 
produced such an effect, although it might. have 
caused a considerable derangement of the physi- 
cal constitution of the planet. Beside, this hy- 
pothesis does not account for the remarkable fact 
that Vesta and Juno exhibit no traces of an at- 
mosphere which, in consistency with the suppo- 
sition, ought to have been imparted to them by 
the comet, as well as to Ceres and Pallas. On 
the whole, we have no direct or satisfactory proofs 
that comets have ever come in direct contact with 
our globe, or that they have produced any consid- 
erable derangements throughout the planetary 
system; and whatever specific influence they may 
produce on our earth and atmosphere must be 
deduced from future observations. + 


ON THE INHABITABILITY OF COMETS, 


Some philosophers have been disposed to doubt 
whether the constitution of comets be at all fitted 
for the abode of rational beings, especially when 
we take into consideration the extremes of heat 
and cold to which they would be subjected in their 
long and extensive career. Mr. Whiston supposed 
that on this account they could not be the abodes 
of happiness, and therefore was led to believe that 
they were the places of punishment for the 
wicked, who were alternately wheeled into re- 
gions of intolerable heat, and afterward exposed 
to all the rigors of the most intense cold. But 
when we consider the boundless beneficence of 
the Divine Being, and that “his tender mercies 
are displayed over all his works,” we cannot for 
a moment suppose that so vast a number of these 
bodies would be created for such an end. The 
celebrated Lambert, on the other hand, considers 
comets as constituting some of the most splendid 
regions of the universe, and that their inhabitants 
are permitted to contemplate the scene of nature 
on a scale of grandeur far surpassing that which 
is presented to the population of the planets. 

Many of the comets which exhibit no signs of 
a nucleus appear to be composed of very light, 
transparent, and gaseous substances; and there- 
fore it is not very probable that such bodies are 
inhabited. Comets in this state are supposed by 
some philosophers, to be only approaching to a 
state of consolidation. But as to those which 
have a large and solid nucleus, there appears to be 
no physical impossibility, nor even improbability, 
of their being the abodes of sentient and intellec- 
tual beings, as well as the other moving bodies 
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It has also been supposed that the | 
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of our system. The extremes of heat and cold 
to which comets are supposed to be subjected 
form the principal argument against the opinion 
that these bodies are inhabited. But in reply to 
such an objection it may be stated, that we have 
no proof that heat or cold depend altogether on 
the distance of a body from the sun, but most 
probably on certain circumstances connected with 
the constitution of the body itself. Beside, it is 
a fact, that in the heating of bodies there is a 
certain point, beyond which their temperature 
can never be raised; as, for in8tance, in the case 
of water, which cannot be heated beyond the 
point of 212° of Fahrenheit’s thermometer; and 
therefore the surface of a comet may have a cer- 
tain point beyond which its temperature can never 
be elevated, even at its nearest approach to the 
sun. “When, by any means,’’ says Mr. Milne, 
“the density of bodies is made to change by a 
process, whether of rarefaction, on the one hand, 
or of condensation on the other, they are always 
ound to undergo a corresponding diminution or 
increase of temperature. When, therefore, in 
the approach of a comet to the sun, all the parte 
of its nebulous envelope and tail which in the 
remoter regions of its course had been gathered 
close about the head, become expanded and attenu- 
ated, a very large proportion of thy solar heat, 
which would otherwise have passed into the nu- 
cleus, and contributed to raise its temperature to 
a.certain point, is carried off by the envelope and 
tail, in order to preserve an equilibrium among 
the several parts.’’? Mr. Milne proves that, if we 
assume that the nebulous matter is elevated about 
30 times its former hight, the diminution of den- 
sity corresponding with the increase of volume 
will amount to 27,000, and that a quantity of ca- 
lorie will be extracted corresponding to 1,215,000° 
of Fahrenheit. He further shows that, “when 
the comet retires toward its aphelion, where the 
heat of the sun becomes so much weakened on 
account of the distance, the condensation of the 
nebulous matter forming the tail and envelope 
serves not only to furnish the nucleus with con- — 
tinual supplies from the heat acquired at the peri- 
helion, but even to render the warming influence 
of the solar rays much more efficacious than at a 
less remote part of the comet’s orbit.’’* 

The extremes of heat and cold, therefore, in 
comets may not be so great as at first view we 
should be apt ‘to imagine, and their constitution 
may be such as is not incompatible with the idea 
that they are inhabited by animated beings.. We 
are not, however, to suppose that the constitution 
of beings like man would be adapted to the cir- 
cumstances and changes to which comets are sub- 
jected, nor is such a supposition necessary in or- 
der to prove their inhabitability. For in the case 
of all worlds and beings, we must necessarily ad- 
mit that the Creator has adapted the constitution 
of. the inhabitants to the nature of the habitation, 
We find a striking variety in this respect in the 
constitution of the numerous orders of sentient 
beings that people the globe on which we lives 
and a similar variety doubtless exists in the pecu- 
liar constitutions of the inhabitants of the differ- 
ent planets, and of all the worlds in the universe. 
For anything we can prove to the contrary, some 
of the comets may be the abodes of greater hap- 
piness than is to be found in our sublunary world, 
and may be peopled with intelligences of a higher 
order than the race of man. In consequence of 
the extensive regions through which they move 
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* Milne, Prize Essay on Comets, Part IV, 
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and the variety of objects which will successively 
burst upon their view, their prospects ofthe scenes 
of the universe will be far more diversified and 
expansive than those of the inhabitants of the 


lanets. bes 
e “At one period they will behold the stupendous 


globe of the sun filling a great portion of their 


celestial hemisphere, and be enabled to contem- 
plate the august and splendid operations going on 
upon its surface and in its luminous atmosphere, 
a spectacle of grandeur which must be beyond 
conception sublime and overpowering. At another 
period they will be enabled to survey, at no great 
distance, the phenomenon and economy of some 
of the planetary worlds. The comet of 1744 
passed within 180 terrestrial diameters, or 1,440,- 
000 miles of the earth’s surface, at which time its 
inhabitants (if any) would enjoy an interesting 
view of our earth and moon, with their diversified 
motions, and the general aspect of their surfaces. 
The same comet twice traversed the system of 
Jupiter’s satellites, when the magnificent globe of 
Jupiter would appear at least 300 times larger than 
the moon appears to us, and when its satellites 
would likewise present a very large and splendid 
appearance. From such a position, even. with 
eyes such as ours, assisted by telescopes, all the 
dWersity of surface of this huge globe, as pre- 
sented in its diurnal rotation, with the changes of 
its belts, and the peculiar scenery of its satellites, 
would be distinctly pereeived. Above all, the 
system of Saturn will present a most magnificent 
spectacle to the inhabitants of a comet when it 
passes through the regions in its immediate vicin- 
ity. Its expansive rings, filling a considerable 
portion of the visible firmament, their rapid ro- 
tation round the planet, the vast globe of Saturn 
itself, and the numerous satellites which accom- 
pany it, in all their different phases and rapid mo- 
tions, will present a scene at once diversified and 
sublime. To the inhabitants of comets, many 
vast bodies within the range of our system may 
be visible, which we have never yet discovered, 
and which may never be perceptible from the re- 
gion we occupy. Traversing vast regions of space 
far beyond the orbit of Uranus, and perhaps ap- 
preaching to the nearest stars, worlds may be 
presented to their view of which we have no con- 
ception, and the planets which revolve around 
other suns may be distinguishable in the remoter 
parts of their course. Enjoying such diversified 
and extensive prospects of the operations of Om- 
nipotence, the intellectual beings who reside on 
those bodies will acquire more expansive views 
than the inhabitants of the earth of the vastscene 
of nature and of the perfections of that Allwise 
and Almighty Being whose power brought into 
existence, and whose incessant energy sustains in 
being, all the worlds in. the universe. 

The number of comets is supposed by some 
astronomers to amount to several millions; and if 
so, they must frequently pass near each other in 
their long eccentric courses, and consequently the 
beings connected with them will have their pros- 
pects of other worlds wonderfully diversified and 
continually expanding. It is likewise supposed 
that comets sometimes extend their excursions to 
other suns. On this point ‘M. Lambert has the 
following remarks: “1 shall ‘suppose that a globe 
in our system begins to describe'a parabola. If 
this curve closes and returns into itself, the globe 
will remain with us, and acquire a periodical mo- 
tion round the sun. If, on the contrary, it ex- 
tends its limits, soas to become a hyperbola, the 
globe will recede more and more from the sun, and 
leave us, never to return. Were we to pursue the 
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fugitive in idea, we should see it perhaps at the 
end of some thousands of years flit along the fron- 
tiers of our system and dive into a neighborin 
world. The central body of this world would then 
exercise its attraction over the new visitor, and 
give a curvature to his orbit. From that moment 
one of two things would happen. Hither its path 
would change into an ellipse, in which case its 
travels would be at an end, and it would proceed 
to make regular revolutions round the dominant 
star of that system; or, perhaps, after passing its 
perihelion, it would again resume its hyperbolic 
progress, and approaching the asymptote, with- 
draw in a straight line, and proceed to visit other 
worlds. Thus we can conceive comets which, be- 
ing attached to no particular system, are in com- 
mon to all, and which, roaming from one world to 
another, make the tour of the universe. I ask 
why, in the infinite variety which the Creator has 
introduced into his works, such globes should not 
have a place? . Their destination may embrace the 
wisest purposes, concerning which we may be al- 
lowed to speculate.”? 

This celebrated philosopher concludes his re- 
marks on comets with the following reflections, 
which, although somewhat fanciful, may not be 
unworthy of the attention of the reader: 

“TI love to figure to myself those traveling 
globes, peopled with astronomers, who are station= 
ed there for the express purpose of contemplating 
nature on a large, as we contemplate it on a small 
scale. Their movable observatory cruising from 
sun to sun, carries them in succession through 
every different point of view, places them in a 
situation to survey all, to determine the position 
and motion of each star, to measure the orbits of 
the planets and comets which revolve round them, 
to observe how particular, are resolved into general 
laws, in one word, to get acquainted with the 
whole as well as the detail. We may suppose that 
their year is measured by the length of their route 
from one sun to another. Winter falls in the 
middle of their journey; each passage of a peri- 
helion is the return of summer; each introduction 
to a new world is the revival of spring; and the 
period of quitting it is the beginning of their au- 
tumn. The place of their abode is accommodated 
to all their distances from the fixed stars, and the 
different degrees of their heat make the fruits and 
vegetables designed for their use blossom and 
ripen. Happy intelligences, how excellent must 
be the frame of your nature! Myriads of ages 
pass away with you like so many days with the 
inhabitants of the’earth. Our largest measure- 
ments are your infinitely small quantities; our 
millions the elements of your arithmetic; we 
breathe but a moment; our lot is error and death, 
yours science and immortality. All this is agree- 
able to the analogy of the works of creation. The 
frame of the universe furnishes matter of contem- 
plation as a whole as well as in each of its parts. 
There is not a point that does not merit our ob- 
servation; this magnificent fabric is portioned out 
in detached parts to created beings; but it is in 
the unity of the whole that sovereign perfection 
shines; and can we suppose that this whole has 
no observers? The imagination, indeed, after so 
sublime a flight, may be astonished at its own te- 
merity; but, in short, here the cause is propor- 
tioned to the effect, and there is nothing great or 
small in immensity and eternity.” 


ON THE MOTIONS AND ORBITS OF COMETS. 


_When a comet comes within the limits of our 
view, its apparent motion is from east to west, and 
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it generally appears to rise and set like most 
of the other heavenly. bodies. This.motion, how- 
ever, like that of the,diurnal motion of the sun 
and planets, is only apparent, and arises from the 
rotation of the earth upon its axis. Beside this 
apparent motion, it has a real and proper motion 
of its own, by which it is continually shifting its 
place in the heavens, in conformity to the nature 
of the orbit in which it moves. ‘The proper 
course of a comet may be found by observing 
every night its distance from two fixed stars 
whose longitudes and Jatitudes are known; or by 
finding its altitude when in the same azimuth with 
two known fixed stars; or by noting four fixed’ 
stars in the point of intersection of the two lines 
connecting which the comet is found. If the places 
of the comet as thus observed every night, be 
marked on the celestial globe, a line drawn through 
them will represent the comet’s path among the 
stars; a great circle drawn through three 
distant places will nearly show the way it 

has to go. If it be continued until it inter- ° 

sect the ecliptic, it will show nearly the place |f 
of the node and the inclination of the orbit’ 
to the ecliptic.* There is, howeyer, a prac- |j 
tical difficulty which perplexes the observer |f 
in attempting to ascertain the true form of 
acometary orbit. A comet remains so short 
a time in sight, and describes so small a part 
of its course within our view, that, from ob- 
servation alone, without the assistance of 
hypothesis, we should not be able to deter- 
mine the nature of its path. The only part 
of the course of a comet that can ever be 
visible is a portion throughout which the. 
ellipse, the parabola, and hyperbola, so close-. 
ly resemble each other that no observations 
can be cbtained with sufficient accuracy to 
enable us to distinguish them. The hy- 
pothesis most conformable to analogy is, 
that the comet moves in an ellipse, having 
the sun in one of the foci, and that the ra- 
dius vector from the sun to the comet de- 
scribes areas proportional to the times, ac- 
cording to the law observed by the planets. 
If it be supposed that the comet describes an 
ellipse or a parabola, in conformity to’ the 
laws of Kepler, then from three geocentric 
places, known by observation, the orbit 
may be determined. 

The orbits of the planets, although ellip- 
tical, approach very nearly to circles; but 
those of comets are extremely eccentric, 
and form very elongated ellipses. The or- 
bit of Halley’s comet is four times longer 
than it is broad, and the orbits of those 
comets whose periodical revolution exceeds 
a hundred or a thousand years must be still 
more elongated and eccentric. Fig. 82 re- 
presents the orbit of Halley’s comet nearly 
in its exact proportions. E C represents the 
length of the ellipsis in which it performs its 
revolution: # D, the orbit of the earth, some- 
what larger than it ought to be in propor- 
tion to the comet’s orbit; S, the sun in one of the 
foci of the ellipse; Sat., the proportional distance of | 
the planet Saturn from the sun; and U, the propor- | 
tional distance of Uranus. The orbit of this comet | 
extends to nearly double the distance of Uranus. 

Fig. 83 represents so much of the trajectory of 
the comet of 1680 as it passed through while vi- 
sible to the inhabitants of, our globe, as delineated 
in Newton’s “ Principia.’’ It shows also the tail 
as it appeared on the days mentioned in the figure. 








* Dr. O. Gregory’s “ Treatise on Astronomy.” 
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Like that of other comets, it increased in length 
and brightness as it came nearer to the sun, and 
grew shorter and fainter as it went farther from 
that luminary and from the earth, until the comet 
was too distant to be visible. This comet was ob- 
served in the morning from November 4, to No- 
vemb. 25, 1680, in its descent toward its perihelion 





at P; and its positions on the 17th, 21st, and 25th 
of that month are here exhibited. It appears to 
have passed its perihelion sometime between the 
25th of November and the 12th of December. 


Fig, 83. 
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Its positions on the 12th, and 2I1st, and 29th of 
December, and on the 5th and 25th of January, 
1681, after returning from its perihelion, as seen in 
the evening, are marked in the figure. The orbit of 
| thiscomet must be extremely elongated, agits return 
is not expected for more than 400 years to come. 
Fig. 84, taken from Arago’s “Scientific No- 
| tices of Comets,’’ exhibits a representation of the 
orbit of Biela’s comet, with the relative position: 
of the orbit to the earth. Itshows both the space 
and the position it occupies in the solar system,, 
and the points where its orbit intersects all tho 
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Janetary orbits through which it passes. It ex- 
ibite its course at its return in November, 1832, 
and the path it describes until its subsequent return 
in 1839. From this figure it is seen that its peri- 
helion lies between the orbits of the earth and 
Venus, and that its aphelion extends*beyond the 
orbit of Jupiter. It would arrive at that point 
which is most distant from the earth, in the spring 
of 1836, and will probably return to it inJanuary, 
1843. The nearest approach to the earth of this 
comet was 51 millions of miles; its mearest ap- 
proach to the sun, 83 millions; its mean distance 
from the sun, or half the longest axis of its orbit, 
337_ millions; and it’is 507 millions of miles nearer 
the sun in its perihelion than in itsaphelion. To 


Fig. 84, 


REPRESENTATION OF THE ORBIT OF THE COMET OF 1832, WITH 
THE RELATIVE POSITION OF THE ORBIT OF THE EARTH, 


gee? : 


Se ONES ji: 
Y. Perihelion 2 < 


be able to calculate and. predict the future posi- 
tions and appearances of such a body evinces an 
accuracy of observation, and a degree of perfec- 
tion of astronomical calculus, which may justly 
challenge admiration, and which should lead those 
who are unacquainted with the minutie of astro- 
nomy to receive with confidence the results which 
have been deduced, by those who have devoted 
themselves to celestial investigations, 


SUPPOSED NUMBER OF COMETS. 


It is laid down as a principle by M. Lambert, 
that as the world is the expression of the perfec- 
tions of God, we must believe that all the heaven- 
ly bodies are inhabited, and “that universal space 
ts replenished with as many globes as it can con- 











HEAVENS. 


tain,”? so as to move with freedom and security 
within the’circumference of the universe. Hence 
he infers, that the most perfect plan of our sys- 
tem will be that into which enters the greatest 
number of orbits, all separated from one another, 
and which in no one point intersects the other; 
and that the orbits of comets correspond to this 
end better than those of the planets, as an im- 
mensely greater number of elliptic or cometary 
orbits can be introduced into the system than of 
those which are circular. On the ground of the 
number of comets which have hitherto been ob- 
served, and on certain mathematical comsidera- 
tions, he instituted calculations which led to the 
conclusion that ‘at least five hundred millions of 
comets”? might be contained within the 
limits of the solar system. On this point, 
M. Arago reasons in the following man- 
ner:—The number of comets really known, 
whose perihelion distance is less than the 
qj radius of the orbit of Mercury, amounts to 
fae thirty. This radius, and that of the orbit 
e of Uranus, are in the ratio of 1 to 49; and 
= the volumes of two spheres are to each 
+ other as the cubes of their radii. If, there- 
fore, we adopt the hypothesis of the equal 
distribution of comets in all the regions of 
our system, and calculate the number of 
those luminaries whose perihelions are in- 
= cluded in a sphere whose radius is the dis- 
f tance of Uranus from the sun, the follow- 
™ ing proposition would be supplied to us:— 
As the cube of 1: to the cube of 49: : so 
is 30 : to the number of comets sought;— 
for thus, 13 : 493 : : 30; or, 1 : 117,649: 
& : 30 : 3,529,470. ‘Thus within the orbit of 
Uranus, the’ solar system should contain 
more than three millions and a half of 
comets; or, we should rather find the 
= double of that the true number, when we 
consider that in this calculation the term 
which represents the number of comets 
contained within the sphere of Mercury is 
certainly much too small, and that it ought 
to be conceded that the light of day, our 
f clouded skies, arfd a too southerly declina- 
tion, removes from our sight not fewer than 
every alternate one of these bodies. Taking 
these circumstances into consideration, 
there should, on the same hypothesis, be 
j seven millions of comets. 
: The actual number of comets, however, 
S| which have been observed since the com- 
®}| mencement of the Christian era, does not 
amount to above seven or eight hundred; 
but when we consider that in the earlier ages 
of astronomy, and likewise in more recent 
periods before the invention of the telescope, 
only large and conspicuous comets were 
noticed, and that the greater number, in all proba- 
bility, had their visible courses in the southern 
regions of the heavens, and of whose appearance 
we have no records, it will easily be conceived 
that their actual number must amount to at least 
many thousands. Since particular attention has 
been directed to the astronomy of comets, and 
since the number of observers have increased, 
scarcely a year has passed without the observance 
of one or two of these bodies, and sometimes even 
two or three have appeared at once. In the year 
1825, no less than four comets made their appear- 
ance within the space of three months. The first 
of these was discovered by M. Gambart, at Mar- 
seilles, on May 9, in the head of Cassiopeia; the 
second by M. Valtz, at Nismes, on, July 13, in 
Taurus; the third by M. Pono, at Florence, on 
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August 9,in Auriga; the fourth, or Encke’s com 
et, about the months of July or August. But it 
is evident that multitudes must escape all observa- 
tion, by reason of their paths traversing only that 
portion of the heavens which is visible in the day- 
time. ’ 

The number of comets whose paths have been 
particularly observed during their visible course is 
about 137. Of these sixty-nine moved in a direct 
course, or according to the order of the signs, as 
the planets do, and sixty-eight in a retrograde di- 
rection. As to the distances of* their perihelions 
from the sun and the earth, thirty were found to 
have their perihelions between the orbit of Mer- 
cury and the sun; forty-four, between the orbits 
of Mercury and Venus; thirty-four, between the 
orbits of Venus and the earth; twenty-three, be- 
tween the orbits of the Earth and Mars; six, be- 
tween the orbits of Mars and Jupiter. Beyond 
the.orbit of Jupiter no comets have been perceiv- 
ed; and it is seldom they can be seen beyond the 
arbit of Mars. As to the inclination of their orbits, 
nine comets have been observed whose orbits in- 
cline to the ecliptic from 0° to 10°; thirteen, from 
10° to 20°; ten, from 20° to 30°; seventeen, from 
30° to 40°; fourteen, from 40° to 50°; twenty- 
three from 50° to 60°; seventeen, from 60° to 
70°; nineteen, from 70° to 80°; fifteen, from 80° 
to 90°. It appears, then, that these 137 comets 
had their orbits inclined in almost every degree to 
the ecliptic; and it is probable that this is the case 
with all the other comets which belong to the. 
system. ; 

Although comets generally emit an obscure 
light, yet, some havé been seen whose splendor 
was so great as to be visible in daylight, even at 


noon, and while the sun was shining in all its} 


brightness. Such, it is said, were the comets 
which appeared in 1402 and 1532, and that which 
appeared a little before the assassination of Cesar, 


and which was supposed, after that event happen; | 


ed, to have been an omen or prelude of his death. 
It has, likewise been stated, that comets have ap- 
peared of such a magnitude as to have eclipsed 
the sun. Seneca relates that such a coincidence 
happened sixty years before Christ, when a large 
comet was actually observed very near the sun.* 
The same author relates that a comet which ap- 
peared in the time of the Emperor Nero was not 
inferior in apparent magnitude to the sun him- 
self;+ and the comet which Hevelius observed in 
the year 1652 did not seem to be less than the 
moon, though it was deficient in splendor. 

Comets traverse all parts of the heavens; and, 
as already noticed, their orbits have every possible 
inclination to the plane of the ecliptic. They are, 
however, governed in their motions by the same 
physical laws which regulate the motions of the 
planets. Their periodical times are to the peri- 
odical times of the planets, in the sesquiplicate 
ratio of their principal axes. Comets, therefore, 
being for the most part beyond the planetary re- 
gions, and on that account describing orbits with 
much largef major axes than the planets, revolve 
more slowly. Thus, if the major axis of a com- 
et’s orbit be four times as long as that of the orbit 
of Uranus, the time of the comet’s period would 
be to that of the planet as 8: 1; its periodic time 
would therefore be nearly 672 years; that is, 
8 >< 84 =the period of Uranus — 672. Although 
comets move with great rapidity when near their 
perihelion, yet in the remote parts of their course 
their motion must be proportionally slow. 





* Sir John Herschel’s Astronomy. 
+ Dr. O. Gregory’s Astronomy. 
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The motions,of comets when approaching the 
sun are in certain cases extremely rapid. The 
comet which was observed by Regiomontanus, in 
1472, was said to have passed through 40 degrees 
of a great circle in twenty-four hours. Brydone, 
in his “Tour through Sicily,” relates that he 
observed a comet at Palermo, in June and July, 
1770, which moved through 50 degrees of a great 
circle in twenty-four hours. At midnight, on the 
30th of June, it passed the zenith of Palermo (lati- 
tude 389.10), and the next day, July 1, at 40 mi- 
nutes past eight, Pp. m., it passed 4 degrees to the 
east of the polar star. He remarks that, “sup- 
posing it at the distance of the sun, at this rate of 
traveling, it would go round the earth’s orbit in 
less than a week, which makes about eighty mil- 
lions of miles a day,—a motion that vastly sur- 
passes all human comprehension. And as this 
motion continues to be greatly accelerated, what 
must it be the comet approaches still nearer 
to the bod ne sun!’ It is probable, however, 
that the co! was considerably nearer the earth 
than the distance of the sun; but still the velocity 
with which it was impelléd must have been amaz- 
ingly great. : 

Such isa brief summary of the most remark- 
able facts, interesting to the general readers, which 
have been ascertained in relation to comets. It is 
to be hoped that, in the progress of astronomical 
discovery, some additional light will be thrown on 
the nature and the destination of those mysterious 
bodies, whose number appears so far to surpass 
that of the primary and secondary planets of our 
system. It was long ago predicted by Seneca, a 
Roman philosopher who lived in the first century 
of the Christian era, “that the time will come 
when the nature of comets and their magnitude 
willbe demonstrated, and the courses they take, so 
different from those of the planets; and that pos- 


terity will wonder that the preceding ages should 


be ignorant in matters so plain and easy to be 
known.’ In order that this prediction may be 
fully realized, it is requisite that we should be- 
come acquainted with all the observations: that 
have hitherto been made, and the facts in relation 
to these bodies which have been ascertained; that 
we should compare the various observations with 
each other, and attend to the minutest cireumstan- 
ces and phenomena connected with comets; that 
numerous observers should be appointed to survey 
different portions of the firmament, both in the 
northern and southern hemispheres, that no comet 
that comes within the limits of our vision may 
pass unobserved; and that when a comet of large 
size approaches near the center of our system, 
every minute particular in reference to its motions, 
and the changes which take place in its nucleus, 
envelope, and tail, be carefully observed and de- 
lineated by accurate representations. 

Whatever opinions we may adopt as to the phy- 
sical constitution of comets, we must admit that 
they serve some grand and important purpose in 
the economy of the universe; for we caynot sup- 
pose that the Almighty has created such an im- 
mense number of bodies, and set them in rapid 
motion according to established laws, without an 
end worthy of his perfections, and, on the whole, 
beneficial to the inhabitants of the system through 
which they move. 

They display the wisdom of their Creator in the 
arrangements of their orbits and motions. As we 
have every reason to conclude that at least thou- 
sands of those bodies traverse the solar system in 
all directions, and are certain that their orbits are 
inclined in every possible degree to one another, 
and to the orbit of the earth, so we find that they 
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have been so admirably arranged by Divine Intel- 
ligence, that no one of them interferes with an- 
other, or with the courses of the planets, so as to 
produce concussion or disorder. The orbits of 
some comets indeed are found to approach very 
near, and even to cross the orbit of the earth and 
the orbits of several other planets, and conse- 
quently, there is a possibility that a comet might 
come into concussion with our globe; and this 
consideration shows us that we are dependent for 
our present security and comforts on thé wise ar- 
rangements of the Almighty, in securing perfect 
harmony and order amidst apparent danger and 
confusion. But we have no evidence that such a 
catastrophe has ever happened, either in the case 
of the earth or of any of the other planets, or that 
one comet kas ever impinged upon another. Be- 
lieving that every object and event in the universe 
is arranged and directed by an Omnipotent Con- 
triver, we must admit that when the Almighty 
formed the wondrous plan of creation, “ foresee- 
ing the end from the beginning,”’ he arranged the 
periods and the velocities of comets in such a 
manner that, although occasionally crossing the 
planetary orbits, they should not pass these orbits 
at the time when the planets were in their imme- 
diate vicinity. And should such an event ever 
occur, we may rest assured that it is in perfect 
accordance with the plan and the will of Omuipo- 
tence, and that it is, on the whole, subservient to 
the happiness and order of the intelligent universe, 
and the ends intended by the Divine government. 
If there are, thousands and perhaps millions of 
comets of all descriptions traversing every part 
of the planetary regions, in orbits of every degree 
of inclination, of extent, and of eccentricity, we 
are sure that none but a Being of infinite power 
and intelligence could have arranged such a vast | 
and complicated system, so as to have prevented 
numerous interferences and disasters, and to make 
the whole move onward for ages in perfect har- 
mony. 
The system of comets likewise presents to us 
a display of the omnipotence and grandeur of the 
Deity. The number of these celestial visitors, the 
vast. magnitude of their tails, envelopes, and nu- 
clei, and the amazing velocity with which they 
wheel their courses through the ethereal regions, 
exhibit before us objects of astonishing grandeur, 
and evince the Almighty power of Him who at 
first impelled them in their rapid career. .The di- 
ameter of the nucleus of the comet of 1807 was 
estimated by Schroeter at 4600 miles, and that of 
its coma 120,000 miles. Beside its principal tail, 
it shot forth coruscations to the extent of four 
millions, six hundred thousand miles. The nu- 
cleus of the comet of 1811 was, according to the 
same observer, 50,000 miles in diameter, its coma 
or envelope 947,000 miles, and its tail or train of 
light, sixty millions of miles in length, or more 
than half the distance between. the earth and the 
sun. Let us conceive such a body, like the comet 
of 1680, traversing the immense spaces of creation 
with the velocity of ten hundred thousand miles 
an hour, and drawing after it a luminous train, a 
hundred millions of miles in length, approaching 
at one time so near the sun that his circumference 
would appear to fill the greater part of the firma- 
ment, and then rushing back through the depths 
of immeasurable space, thousands of millions of 
miles beyond the orbit of Uranus, and displaying 
its majestic train to the other planetary worlds of 
oursystemm—and we have presented to our mental 
eye an object of peculiar grandeur and magnifi- 
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ps ; 
an eminent degree the power and magnificence of 
the Great Creator. Were such a body to sweep 
along the regions which lie in the immediate 
vicinity of our globe, at the distance of ten or 
twelve thousand miles, nothing that we have ever 
| beheld or can well conceive could be compared to 
the majestic grandeur of the scene, which would 
overpower the mind both with astonishment and 
with terror. On-the view of such an object, 
sweeping along with such velocity, we could 
scarcely refrain from exclaiming, in the language 
of inspiration, “Great and marvelous are thy 
works, Lord God Almighty !”? What, then, shall 
we think of thousands of such mysterious orbs 
winding their flight in every direction, in perfect 
regularity and order, through the immensity of 
space! Surely these are the wonderful works of 
Him who is mighty in operation and. perfect in 
knowledge. 

In all the works of the Deity, we must likewise 
admit that his goodness is displayed, although we 
may not be able to trace the mode of its commu- 
nication; for we may lay it down as an axiom, 
that wherever wisdom and omnipotence are exhib- 
ited throughout the Divine economy, there is also 
a display of beneficence, which appears to be one 
prominent design of all the works ofGod. Comets 
haye long been considered as objects of terror, 
and as omeus of impending calamities; but there 
can be no question that they are as intimately 
connected with a system of benevolence as are 
the solar radiations and their benign influence on 
our globe and on the other planets. It has been 
conjectured that comets may supply moisture to 
the planets, and invigorate the vital principle of 
our atmosphere; that they may recruit the sun 
with fresh fuel and repair the consumption of his 
light; or that they may be the agents for dispers- 
ing the electric fluid throughout the planetary re- 
gions; and although there is little probability that 


}such conjectures are accordant with fact, yet it 


may be admitted that comets may produce a phy- 
sical influence of a beneficial nature throughout 
the solar system. But what I conceive to be one 
of the main designs of the Creator in the formas 
tion of such a vast number of splendid bodies is, 
that they may serve as habitations for myriads of 
intellectual beings, to whom the Almighty bestows 
his perfections in a peculiar manner, and on whom 
he displays the riches of his beneficence. What- 
ever may be the intention of those comets which 
are destitute of a nucleus, this, in all probability, 
is the chief design of those which are large and 
which are invested with a solid nucleus; and the 
same arguments which we formerly brought for- 
ward to prove that the planets are inhabited might 
be adduced in proof of the inhabitability of com- 
ets. If this position be admitted, then we ought 
to contemplate the approach of a comet, not as an 
object of terror or a harbinger of evil, but as a 
splendid world, of a different construction from 
ours, conveying millions of happy beings to sur- 
vey a new region of the Divine empire, to con- 
template new scenes of creating power, and to 
celebrate in loftier strains the wonders of Omnipo- 
tence.* Viewing the comets in this light, what 
an immense population must be contained within 
the limits of the solar system, which gives room 
for the excursions of such a vast number of these 
bodies! and what an incalculable number of be- 
ings of all ranks must people the wide-extended 


universe ! - 





* The most complete account of the phenomena, &c. of 





cence, different from everything else which the 
planetary system exhibits, and which displays in 


comets I have seen is a treatise on this subject in manu 
script, by the Rev, Thomas W. Webb, of Tretire, near Ross, 
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APPENDIX. 


GENERAL APPEARANCE OF THE STARRY HEAVENS AT DIFFERENT PERIODS 
OF THE YEAR. 


Tue following descriptions are intended to 
point out to the young observer the principal 
stars and constellations in the beginning of every 
alternate month throughout the year, and the 
particular quarter of the heavens where they 
may be perceived. The time of observation is 
supposed to be nine o’clock in the evening, except 
on the Ist of July; but the general aspect of the 
heavens, and the relative positions of the different 


stars and constellations, will not be materially 


different when viewed an hour before or after the 
time specified. : 


ASPECT OF THE HEAVENS ON THE IsT OF JANUARY, 
AT NINE O’CLOCK IN THE EVENING. 


At this time the Pleiades, or Seven Stars, are 
nearly on the meridian, at an elevation of more 
than 60 degrees above the southern horizon. The 
bright star Aldebaran, or the Bull’s Eye, which is 
of a ruddy hue, appears to the left, in a direction 
nearly east by south, at the distance of 14°. 
About 15° east-north-east of Aldebaran is a bright 
star of the second magnitude, marked Beta, or 





This treatise contains—1. A copious introduction, embody- 
ing a variety of interesting general remarks in relation to this 
subject. 2. A particular account of the comet of 1807, ac- 
cording to the observations of Sir William Herschel. 3. A 
description of the same comet from the observations of Dr. 
Johan. Hieronym. Schroeter. 4. An account of the great 
eomet of 1811, according to the observations of Sir W. Her- 
schel. 5. A particular description of the phenomena of the 
same.comet, according to the observations of Schroeter. 6. 
A description of the second comet of 1811, according to the 
observations of Sir W. Herschel. These observations, par- 
ticularly those of Schroeter} contain the most minute de- 
scriptions which have hitherto been given of the phenomena 
of this class of the celestial bodies, and will be found of es- 
sential service, not only to amateur observers, but to as- 
tronomers of every description, They have been extracted 
and arranged chiefly from the ‘‘Philosophical Transactions,” 
and the works of Schroeter, which were published in the 
German language. The Appendix, or Second Part, which 
oceupies nearly half the volume, comprises a lucid investi- 
gation of the following topics:—1. Comparison of observa- 


tions. 2. Examination of hypotheses. 3. Nature, light, 
and solidity of comets. 4, Colors of Comets. 5. Bright- 
ness of Comets. 6. Divided tails of Comets. 7. Corusca- 


tions-of Comets. 8. Miscellaneous notices concerning re- 
markable comets. 9. On the influence of comets. 10. 
Losses to science, containing an acconntof the disasters 
which befell Schroeter, Hevelius, &c. 11. Hints to ama- 
teur observers, This volume contains 230 quarto. pages, be- 
side a great number of copious notes, and forty-six figures of 
the different appearances of comets, Tt indicates a very 
great degree of labor and research, which the astronomer 
alone will be able fully to appreciate. The author appears 
to have consulted most of the works which have been pub- 
lished on the subject, in the English, Latin, French, and 
German languages, beside embodying a number of original 
observations and remarks. And what is not among the 
least important features of the work, the author takes every 
proper opportunity of introducing such moral reflections as 
the subject naturally suggests, and of directing the contem- 
plations of his readers to Him who sits on the throne of the 
universe. The observations of Schroeter contained in the 
preceding pages, have been extracted from this volume. It 
is to be hoped that the worthy anthor, who is already known 
toa considerable portion of the scientific world by his com- 
munications to periodicals and scientific associations, will 
oe receive encouragement to lay this work before the 
public. 








El-nath; from this star to Zeta, in the tip of. the 
southern horn of the Bull, is about 8° in a south- 
ern direction. This star forms a right angle with 
Aldebaran and Beta. North of Beta, at the dis- 
tance of 17°, is the bright star Capella, in the 
constellation of Auriga, a star of the first mag- 
nitude, wae appears at a high elevation a few 
degrees south-east of the zenith. In a direction 
south-east of Aldebaran and the Pleiades is the 
splendid llation of Orion. .Bellatrix, on 
the west 's! der of Orion, is about 16° south- 
east of Aldebaran, which is placed in the middle 
of the line which connects the Pleiades with Bel- 
latrix; these three objects appearing nearly equi- 
distant in a line N.W. and 8.E. of each other. 
Nearly due east from Bellatrix, at the distance of 
716°, is Betelguese, a star of the first magnitude 
in the east shoulder of Orion. About 15° south 
by west of Bellatrix is Rigel, a star of the first 
magnitude in the left foot, and 816° to the east is 
Saiph, a star of the third magnitude in the right 
knee of Orion. These four stars in the form of 
a parallelogram, with the three bright equidistant 
stars called the Belt, form the outlines of this 
constellation. There is a small triangle of three 
small stars in the head of Orion which forms a 
larger triangle with Bellatrix and Betelguese, the 
two in his shoulders. (See fig. of Orion, p. 26, 
and Plate I.) 

North-east of Betelguese, at the distance of 
149, is the star Alhena, or 7 Geminorum, the prin- 
cipal star in the feet of the Twins; and about 20° 
N.E., nearly in the same right line from Betel- 
guese, are Castor and Pollux, Castor being the 
uppermost and the brightest, at the distance of 
only 414° from Pollux. These and the other 
stars which lie adjacent to them form the constel- 
lation Gemini, one of the signs of the .Zodiac. 
The small stars immediately to the east of Gemini 
are in the constellation Cancer, another zodiacal 
constellation through which the sun passes in 
July and August. In this constellation is a nebu- 
lous cluster of very small stars, called Presepi, 
which may be distinguished as a faint cloudy 
speck by the naked eye. (See page 63 ) 

Immediately below Orion are the constellations 
of Lepus, or the Hare, and Noah’s Dove, which 
are very near the horizon. South by east of Orion 
is Canis Major, or the Greater Dog, which is dis- 
tinguished by its principal star Sirius, the brightest 
fixed star in the heavens. It is nearly straight 
south of Alhena, in the feet of the Twins, at 35° 
distant, and south by east of Betelguese at the 
distance of 27°. A line drawn through the three 
stars in the belt of Orion, and prolonged, meets 
Sirius at the distance of 23°, About 514° west 
of Sirius is Mirzam, of the second magnitude, in 
the foot of the Dog. Nearly due east from Orion, 
but less elevated above the horizon, is Canis Minor, 
or the Lesser Dog. The center of this small 
constellation is situated about 5° ‘north of the 
equinoctial, and midway between Gemini and 
Canis Major. It is distinguished nh a bright 
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star named Procyon, which signifies “before the 
Dog.” About 4° to the north-west is Gomelza, 
astar of the third magnitude. Procyon, at the time 
supposed, appears nearly due east from eee 
the distance of about 26°. The head of Hydra 
immediately to the east of Procyon; but Alph- 

‘or Cor Hydre, the principal star of this 


constellation, is not risen at the time supposed. 


A little to the north of the eastern point of the 
compass, and at a very small elevation above the 
horizon, is Regulus, a star of the first magnitude, 
in the constellation Leo, which is the fifth sign, 


_ and the sixth constellation of the zodiac. 


Turning our faces toward the north-east, Ursa 
Major, or the Great Bear, is the most striking 
constellation that meets the eye. ‘The two point- 
ers, Dubhe and Merak, appear uppermost, and 
point westward to the Pole-star; while the stars 
forming the tail seem to hang downward from 
the square of this constellation. As the night 
advances, this group of stars rises higher in the 
heavens, until, about three in the morning, they 
approach near the zenith. Ursa or, or the 
Lesser Bear, is seen below the pole, quare of 
which being a little to the eastward of the meri- 
dian. Directly below the Great Bear, at avery 
small elevation above the horizon, and in a direc- 
tion N. E. by N., is Cor Caroli, a star of the second 
magnitude, in Chara, one of the Greyhounds. 
North by east of Aldebaran, at the distance of 
30°, is the bright star Capella in Auriga. 

Directing our view a little to the west of the 
meridian, we perceive the constellation Aries, 
which is immediately to the westward of the 
Pleiades, and nearly at the same altitude. Above 
2000 years ago, in the days of Hipparchus, this 
constellation occupied the first sign in the zodiac, 
into which the sun entered about the 2lst of 
March, but, as in consequence of the precession 
of the equinoxes the constellations gain about 50” 
on the equinox every year, they have now ad- 
vanced in the ecliptic nearly 31 degrees beyond 
it, or somewhat more than a whole sign; so that 
the constellation Pisces now occupies the same 
place in the zodiac that Aries did 2000 years ago, 
while the constellation Aries is now in the sign 
Taurus, Taurus in Gemini, &c., so that Aries, 
though the first sign, is the second constellation 
of the Zodiac. It is situated next east of Pisces, 
and midway between the Triangles and Musca 
on the north, and Cetus, or the Whale on the 
south. It is distinguished by two bright stars in 
the head, distant from each other about 4°, the 
brightest being a little to the east or north-east of 
the other, being about 25° west of the Pleiades, 
and 19° south of Almaack, in the foot of Andro- 
meda. North by east from Aries is Musca, or 
the Fly, which consists of four or five stars, 
chiefly of the third and fourth magnitudes, very 
near to each other. It is situated between the 
first star of Aries and the Pleiades, but a little 
higher than either. North by east from the Fly, 
at the distance of about 15°, and at 20° north by 
west of the Pleiades, and at a higher elevation, is 
the head of, Medusa, the principal star of which 
is Algol, which regularly varies in its luster. 
(See p. 41.) West by north from Medusa is An- 
dromeda, one of the principal stars of which is 
Almaack, at the distance of 12° west by north 
of Algol. West of Almaack, at the distance of 
12°, is Mirach, both of them stars of the second 
magnitude. If the line connecting Almaack and 
Mirach be prolonged 8° farther west or south- 
west, it will reach Delta, a star of the third mag- 
nitude, in the left breast. 

West from Andromeda, and a little to the south, 






is Pegasus, or the Flying Horse, which is distin- 
guished from the other constellations by four 
bright stars of the second ma ude, forming a 
square, which is generally termed the square of 
Pegasus. The northernmost star, which is the 







brightest of three that form a kind of triangle, is 


Scheat, whose N. declination is 261°. Markab 
is situated 13° south of Scheat, and at the time 
supposed is nearly due west, and about 22° above 
the western point of the horizon. These two stars 
form the western side of the square. Hast from 
Markab, at the distance of 161¢°, is Algenib, and 
14° north of Algenib is Alpheratz; which two 
stars form the eastern side of the square. Scheat 
and Alpheratz form the northern, and Markab and 
Algenib the southern sides of the square. Alphe- 
ratz constitutes a part of the head of Andromeda, 
but it is also considered as-connected with Pega- 
sus. About 26° north of Andromeda is Cassio- 
peia, midway between it and the Pole-star. It 
passes the meridian nearly in the zenith about the 
22d of November. At this time it is between 
20° and 30° west of the meridian. (See pp. 16 
and 37.) The star Caph, in. this constellation, 
along with Alpheratz and Algenib, are situated on 
the prime, meridian which passes through the first 
point of Aries, from which the right ascensions 
of all the heavenly bodies are measured. The 
line connecting these stars forms an are of the 
equinoctial colure, which passes through the vernal 
equinox, and aeross which the sun passes on the 
21st of March. When we say that the sun, ora 
star, or a planet is in so many degrees of right 
ascension, we mean that it is situated, or has 
moved eastward so many degrees from this great 
circle. North-west of Cassiopeia is Cepheus, at 
the distance of about 25°, the head of which is in 
the Milky Way, and may be known by three 
stars of the fourth magnitude in the crown, form- 
ing a small acute triangle about 9° from Aldera- 
min, a star of the third magnitude in the left 
shoulder. 

Next to Cepheus, on the west, is Cygnus, or 
the Swan; the principal stars of which are dis- 
tinguished as forming the figure of a large cross, 
the upright piece of which lies along the Milky 
Way. The most brilliant star in this constella- 
tion is Deneb Cygni, of thé first magnitude, which 
is at this time in a direction nearly north-west, 
and 25° above the horizon. West from Deneb, at 
the distance of 10° or 119, is Delta; and the line 
prolonged abdut 15° farther leads to the bright 
star Vega, the principal star in Lyra, which is 
then about 6° above the horizon in a direction 
north-west by north. North by east of Lyra is 
the head of Draco, distinguished by four stars 
separated from each other by intervals of 39, 49, 
and 5°. The one to the south, or nearest Lyra, 
is Etanim, or y Draconis, which Dr. Bradley fixed 
upon in his attempt to determine the annual 
parallax. At this time it is 16° above the horizon, 
in a direction N.N.W. About 4° to the north 
of it is Rastuben, both of them stars of the second 
magnitude. Turning our eyes again toward the 
southern part of the meridian, we behold the 
head of Cetus, or the Whale, about 20° S. EB. of 
Aries, and about 24° S. by W. of the Pleiades. It 
is distinguished by five stars, 4° or 5° asunder, 
which form a figure resembling a regular pentagon. 
The brightest of these stars, which is the eastern- 
most, and of the second magnitude, is Menkar, 





which makes an equilateral triangle with Arictis 
and the Pleiades, being distant from each about 
23369, About 14° south-west of Menkar is Mira, 
or the Wonderful Star, which is found to vary its 
apparent size from a star of the second or third, 
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to one of the sixth or seventh magnitude. (See 
p- 41.) North-west of the head of Cetus, and 
west of A e constellation Pisces, or the 
' Fishes, one e signs of the Zodiac, in which 
there are no remarkable stars, most of them being 
of the third, fourth, and inferior magnitudes. 
Such is the general outline of the heavens as 
they appear about the beginning of January. 





GENERAL APPEARANCE OF THE HEAVENS ON THE Isr 
OF MARCH, AT NINE o’CLOcK, P.M. 


At this period of the year, at 9 p. m., several of 
the constellations which were seen in the begin- 
ning of January, have disappeared, such as Pega- 
sus, Pisces, and others. Others, which are still 
visible, appear in other quarters of the heavens; 
and some stars and constellations which were then 
below the horizon have risen to a considerable 
elevation above it. Orion is now in the south- 
west quarter of the heavens; the Pleiades, instead 
of being on the meridian, are due west, at an 
elevation of 34° above the western point of the 
horizon; the bright star Sirius is to the west of 
the meridian, in a direction S. S. W.; Canis 
Minor and Procyon are a few degrees to the west 
of the meridian; Castor and Pollux, directly north 
of Procyon, have likewise passed the meridian; 
Capella is seen at a high elevation, 30° west of 
the zenith; Menkar, in the head of the Whale, 
is within a few degrees of the western horizon; 
Aries is likewise near the western horizon; and 
Cassiopeia is in a north-westerly direction, and at 
a lower altitude than in January; Deneb, in the 
Swan, is very near the horizon, a little to the 
west of the north point; Vega, in the Lyre, is 
just rising at a short distance to the east of it; 
the head of Draco is ina N. N. E. direction, 
about 18° above the horizon; the Great Bear is at 
a higher elevation than in January, and the Point- 
ers in a direction N. N. E.; and Cor Caroli 
appears in a direction east by north, about midway 
between the zenith and the horizon. 

The following constellations, among others, 
now appear, which were under the horizon in 
January:—Hydra, the largest star in which is 
Alphard, or Cor Hydre. It is at this time ina 
direction S. 8. E., about 28° above the horizon. 
It may be distinguished from this circumstance, 
that there is no other considerable star near it. 
It is 23° 'S. S. W. of Regulus. The constellation 
Leo, which was only partly visible in January, 
now appears in its splendor toward the eastern 
part of the sky. Regulus, one of its largest 
stars, situated within half a degree of the ecliptic, 
is distinguished as being the largest and lowest 
of a group of five or six stars which form a figure 
or curve somewhat resembling a sickle. Hast of 
Regulus, at the distance of 259, is: Denebola, in 
the Lion’s tail, which appears nearly in an eastern 
direction 35° above the horizon. East from Leo 
is the constellation Virgo; but all the stars con- 
nected with it have not at this time risen above 
the horizon. It is situated midway between Coma 
Berenices, on the north, and Corvus on the south. 
Coma Berenices, which consists of a cluster of 
small stars, is ina direction nearly due east, and 
about midway between the zenith and the horizon. 
East by north of this cluster, at a low elevation, 
is Bootes, the principal star of which is Arcturus, 
of the first magnitude. It is at this time in a 
direction east by north, 14° above the horizon. 
Farther to the north, and at a lower elevation, is 
Corona Borealis, or the Northern Crown, the 
principal star in which is called Alphacea, of the 
third magnitude, and 11° east by north of Mirac, 
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or ¢ Bootes. This constellation is distinguished 
by six principal stars, which are so placed as to 
form a circular figure, somewhat resembling a 
wigs or crown. a. 


GENERAL APPEARANCE OF THE HEAVENS ON i. 
OF MAY, aT 9, P. M. 








At this period several-of the more splendid 
constellations which adorn our nocturnal sky 
during winter have disappeared. Orion is nearly 
hid beneath the western horizon, and only the 
bright star Betelguese can be faintly seen, as it is 
about to descend below the western point of the 
horizon. Aries has completely disappeared; Caput 
Meduse, Taurus, the Pleiades, and Aldebaran, are 
just verging on the borders of the north-western 
horizon, and are scarcely visible; and the brilliant 
star Sirius has completely disappeared from the 
nocturnal sky. The head of Hydra, with Al- 
phard, its principal star, are in a south-westerly 
direction; Canis Minor and Procyon are in a 


direction W. 8. W., considerably to the west of 
Alphard, early at the same altitude. North 
of Procyon, at a considerable distance, are Castor 


and Pollux, about midway between the zenith 
and the western point of the horizon. Ata con- 
siderable distance to the north-west of these is 
Capella, considerably nearer the north-western 
horizon than the zenith. Cassiopeia appears very 
low in altitude, near the northern quarter of the 
heavens, and the Great Bear appears near its most 
elevated position, not far from the zenith, the two 
Pointers pointing nearly directly downward toward 
the Pole-star, while at the same hour in November, 
they point almost directly upward. Regulus is 
about 22° west of the meridian, at a considerable 
elevation; Denebola, in the same constellation (the 
Lion), is just on the meridian, at a little higher 
altitude than Regulus. Arcturus is seen in a 
direction B.S. E., at a very considerable eleva- 
tion, and 26° north-west of it is Cor Caroli, not 
very far from the zenith. The stars in the 
Northern Crown appear due east, midway between 
the zenith and the horizun. The brilliant star a 
Lyre appears near the north-east, about 23149 
above the horizon. The Swan is near the N. N. 
E. quarter of the sky, and one of its principal 
stars, Deneb, is about 14° above the horizon. ‘The 
principal stars in Draco appear elevated 20° above 
a Lyre, and nearly in the same direction. 

The principal constellations which were for- 
merly invisible are—the south-eastern portion of 
Virgo, Libra, Taurus, Poniatowski, Serpentarius, 
and Hercules, ‘These constellations appear near 
the eastern and south-eastern portions of the sky. 
The bright star of the first magnitude, Spica Vir- 
ginis, which was below the horizon in March, is 
now elevated 24°, and may be seen in a direction 
S.S.E. It is 35° south-east of Denebola, and 
about the same distance 5. 8. W. of Arcturus; 
three stars of the first magnitude, which form a 
large equilateral triangle, pointing to the south. 
A similar triangle, pointing to the north, is formed 
by Arcturus, Denebola, and Cor Caroli. The 
principal star in Hercules is Ras Algetht; and Ras 
Alhague, 5° from it, in the head of Ophiuchus, 
may be seen nearly due east, at a small elevation 
above the horizon, Ras Algethi being the bright- 
est and the highest. Libra is situated fo the south 
of the Serpent, and to the east of Virgo. Its two 
brightest stars are of the second magnitude; the 
one is named Zubeneschamali, 21° east of Spica 
Virginis, but at a much lower altitude; the other 
is called Zubenelgemabi, about 914° above the 


other toward the north-east. At this time they 


Sw 
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appear in the south-east quarter of the heavens, 
at no great elevation above the horizon. The 
constellation Serpens lies between Corona Borealis 
and Libra. Its principal star is of the second 
magnitude, and named Unuk; it may be known 
by being nearly in the middle between two smaller 
stars, the lower one being 214°, and the upper 
5140 from it. It is in a direction E. 8. E., at 
about 24° above the horizon. 


a 
ASPECT OF THE HEAVENS ON THE IST OF JULY, AT 
10, p.m. 


As the twilight at this season is too strong to 
admit of particular observations at 9 p. m., I have 
fixed the hour of ten as the most proper time for 
perceiving the principal stars. Most of the south- 
ern constellations which were visible in January, 
and which are the most brilliant, have now disap- 
peared, and those in the north are in positions 
in the heavens very different from those on which 
they appeared in winter. The Northern Crown, the 
Serpent, and Libra, are now to the west of the mie- 
ridian; Arcturus is now considerably to the west 
of the meridian, butatahigh elevation imneditely 
below which, ata considerable dis e, is Spica 
Virginis, very near the S.W. by W. point of the hor- 
izon. Cor Caroli appears north by west of Arcturus, 
at aconsiderable distance, audata high altitude; im- 
mediately below which, at a considerable distance, 
and nearly due west, is Denebola. The Great 
Bear is now considerably west of the meridian, 
at a high altitude, the two pointers pointing east- 
ward-to the Pole-star. Castor and Pollux have 
just descended below the horizon near the north- 
west; and Capella, which never sets in this lat- 
itude, is very near the north point, only a few 
degrees above the horizon. Cassiopeia is near the 
north-eastern quarter, at no great elevation, and « 
Lyre is at a very high altitude to the east of the 
meridian; east of which, at a lower altitude, is 
Deneb, one of the principal stars in the Swan. 
The four stars forming the square of Pegasus are 
now seen a little to the north of the E. point, in 
a position nearly opposite to that im which they 
appeared in January. The star Antares, in Scor- 
pio, of the first magnitude, is past the meridian, 
at an altitude of only about 11°. Ras Algethi 
and Alhague are nearly on the meridian. 

The constellation of Aquila, or the Eagle, which 
was formerly invisible, now makes its appearance 
in the south-east. Altair, its principal star, of 
between the first and second magnitude, is dis- 
tinguished by being nearly in the middle between 
two stars of the third magnitude, each of them 2° 
distant from it in a line bearing S. E. and N. W. 
Altair is at this time about 37° above the south- 
eastern horizon. North-east of Aquila is the 
Dolphin, at the distance of 13° or 149 It is a 
beautiful little cluster of stars, consisting of about 
18 in number, including five of the third magni- 
tude, but none larger, which are so arranged as to 
form the figure of a diamond, pointing N.E. and 
S.W. It is sometimes known by the name of 
Job’s Coffin. North and north-west of the Dol- 
phin are Sagitta, and Vulpecula et Anser, or the 
Fox and Goose; south of Aquila is Capricornus, 
and south-east of it, Aquarius; but these last are 
more distinctly seen in the month of September. 
The Milky Way runs along with considerable 
brightness in the neighborhood of Aquila, Vulpe- 
cula, Delphinus, and Cygnus. 


APPEARANCES OF THE SIDEREAL HEAVENS ON THE 
Ist OF. srrTemBER, aT 9, P.M. 


At this time Altair is nearly on the meridian at 


SIDEREAL 





HEAVENS. 


an altitude of 46149, and Vega, or « Lyre, is about 
16° west of the meridian, in a direction north by 
west from Altair. Ras Algethi s Alhague 
are west from Altair, nearly mid} 
star and the south-western poin | i 
To the north-west of Vega is the head of Draco, 
at the distance of nearly 20°. Arcturus is ina 
position west by north, within 19° of the horizon. 
The Northern Crown is in a higher elevation than 
Arcturus, nearly due west, rather nearer the hori- 
zon than the zenith. Cor Caroli appears nearly 
N.W. by W. at 23° of altitude; and the Great 
Bear, in a north-westerly direction, and at a lower 
altitude than formerly. ‘To the east of the meri- 
dian Capella is seen in a direction nearly N.N.E, 
at an altitude of 15°. East of Capella, at a little 
lower elevation, is Menkalina, or ¢ Aurige, a star 
of the second magnitude. Cassiopeia appears in 
the north-east, about midway between the zenith 
and the north-eastern horizon. The Square of 
Pegasus is in a direction east by south, and is in 
a much higher elevation than in July. The Dol- 
phin is a few degrees east of the meridian, and 
N.E. of Altair, atan altitude of above50°. Along 
the southern quarter of the heavens are the fol- 
lowing constellations:—Aries, in a direction east 
by north; Pisces, due east, and next to Aries on 
the west; Aquarius, to the west of Pisces, in a di- 
rection S.S. E.; Capricornus, west from Aquarius, 
nearly in the south; Sagittarius and Sobieski’s 
Shield, in a south-westerly direction, and Scorpio, 
which lies still farther to the west. Most of these 
constellations, except Aries and Pisces, are at a 
low altitude. 






APPEARANCE OF THE HEAVENS ON THE Ist oF NO 
VEMBER, AT 9, P.M. 


About this time the winter constellations begin 
again to make their appearance in our hemisphere. 
The center of the Square of Pegasus is at this 
season and hour nearly on the meridian; the stars 
Scheat and Markab, of which Scheat is the upper- 
most, appear on the west of the meridian, and 
Alpheratz and Algenib on the east. Turning our 
eyes to the western part of the heavens, we see 
the Southern Fish, a little to the west of the south, 
and its principal star, Fomalhaut, several degrees 
to the west of the meridian, at a very low alti- 
tude. To the west is Capricornus, and to the 
north-west Aquarius: Aquila, with its principal 
star Altair, is ,in a direction west by south, at 
about 23° above the horizon. Deneb Cygni is at 
avery high elevation, about 30° degrees west from 
the zenith, and « Lyre 26° north-west of it, ina 
direction W. N. W., at a much lower elevation. 
North by west of Lyra are the two stars in the 
head of Draco, Etanim and Rastaben, about 4° 
apart. Ras Algethi and Ras Alhague are nearly 
due west, at a very small elevation above the heri- 
zon. ‘The center of the Great Bear is nearly due 
worth, and at its lowest elevation, the stars in the 
tail being to the west, and the two pointers a little 
to the east of the northern part of the meridian, 
pointing upward. Turning our view to the east- 
ern quarter of the sky, we behold Aries in a 
south-easterly direction, next to Pegasus, and at 
a pretty high elevation. South by east of the 
first star in Aries is Menkar, in the head of the 
Whale, ina direction S. E. by E., about 26° above 
the horizon. North-west of the first star in Aries 
is Mirach, and north by east Almaack, at a higher 
elevation, both of them in Andromeda. Near the 
north quarter is Capella, about midway between 
the zenith and the ‘horizon. The Pleiades are 


|seen neatly due east, followed by the ruddy star 
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Aldebaran, at.a lower elevation. Below Aldeba- 
ran, and to the south-east, the head and shoulders 
of Orion begin to make their appearance, Bellatrix 
being 4° or. ° above the horizon, and Betelguese 
a little lower. Cassiopeia is near the zenith, a 
little to the east of the meridian, and Castor and 
Pollux, in Gemini, are in a direction north-east, 
just a little above the horizon. At this time the 
equinoctial colure is only a few degrees to the east 
of the meridian, and the three stars Caph in Cas- 
siopeia, and Alpheratz and Algenib, in Pegasus, 
which lie in the line of its curve, may now be dis- 
tinctly perceived. Caph is at the highest altitude 
of the three, and its distance from Alpheratz is 
about double the distance between Alpheratz and 
Algenib. If a line connecting these three stars be 
produced northward, it will terminate in the-pole. 


The above brief sketches may enable the young 
observer to trace the principal stars and constella- 
tions by a few observations at different seasons of 
the year. The altitudes here expressed are stated 
in reference to places about 52° north latitude; 
but by making certain allowances corresponding 
to the latitude of the observer, the relatiye posi- 
tions of the stars will appear nearly the same as 
here represented, particularly if the difference of 
latitude does not much exceed 10 degrees. It 
should be carefully remarked that the bearings of 
one star from another, as here given, are strictly 
true only when thestar from which the bearings are 
given is on or near the meridian. (See note, p.70.) 

As a further assistance to the astronomical tyro 
in distinguishing the stars, 1 have drawn up the 
following list of stars, chiefly of the first and 
second magnitudes, stating the periods of the year 
when they come to the meridian, or due south, 
at nine o'clock in the evening. 

Caph, in Cassiopeia, and Alpherats and Algenib, 
in Pegasus, come to the meridian on the 10th of 
November, at nine o’clock in the evening. Caph 
is near the zenith, and the other two at a consid- 
erably lower elevation. At this time Capella ap- 
pears toward the north-east; the Pleiades, Aldeba- 
ran, and Orion, in the east; Deneb in Cygnus, in 
the north-west; Lyra, west-north-west; and Al- 
tair, in Aquila, west by south. 

Arietis, or the first star of Aries, comes to the 
meridian on the 5th of December. The same stars 
noticed in the preceding instance are still visible, 
but those on the east of the meridian have risen 
to a higher altitude, and those on the west have 
descended to a lower elevation than on Nov. 10. 
Castor and Pollux are at this time seen toward the 
north-east, and Procyon, a very little above the 
eastern point of the horizon. 

Menkar, in the head of the Whale, arrives at 
the meridian on the 21st of December, and at the 
same time the variable star Algol, in Medusa’s 
head, which is 37° due north of Menkar. Altair 
has now disappeared from the west, and Sirius is 
seen at a small elevation in the south-east. 

The Pleiades pass the meridian on the Ist of 
January, and Aldebaran on the 10th. When Al- 
debaran is due south, Capella is north by east of 
it, near the zenith; Cor Caroli, at a low altitude 
near the north-east; Lyra, near the horizon, N. 
by W.; Regulus in the east; and the head of 
Hydra, east by south. 

Bellatriz, in Orion, passes the meridian on the 
Qist of January. Nearly at the same time Ca- 
pella and @ Aurige are on the meridian. These 
three stars are nearly equidistant in a line running 
north and south, 
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Castor and Pollua and Procyon. These three 
stars pass the meridiaw nearly at the same time, 
on the 24th of February. Pollux and Procyon 
culminate nearly atthe same instant, and Castor 
about 11 minutes before them, at which time Pro- 
cyon is 23° south of Pollux. Orion is then im a 
south-westerly direction; Aldebaran, midway be- 
tween the meridian and the western horizon; 
Menkar, W. by §., at a small elevation; Sirius, 
S. by W.; and Capella to the west of the zenith. 
On the east of the meridian, Regulus is 8. E.; 
Denebola, E.; Cor Caroli, E. N. E ; immediately 
below which, near the horizon, is Arcturus. 

Presepe, in Cancer, a small cluster of stars just 
perceptible to the naked eye, like a nebula, ap- 
proaches the meridian about the 3d of March, at 
an altitude of about 60°. They are N. E. of 
Procyon, and S. E. of Pollux. (See pp. 63, 64.) 

Regulus, in Leo, passes the meridian on the 6th 
of April. At this time, Alpbard, in Hydra, is 
past the meridian 8. by E. from Regulus; Procyon, 
S. W.; Sirius, S. W. near the horizon; Orion, 
very low in the west; Algenib, in Perseus, Algol, 
Capella, &c., toward the N. W. On the east, De- 
nebola appears E. from Regulus; Spica Virginis, 
S. E., at a low altitude; Cor Caroli, E., at a high 
altitude; Corona Borealis, E. by N.; and Lyra, at 
a low altitude, N. E. by N. The Great Bear, at a 
high altitude, approaching the zenith, and Cassio- 
peia, at a low altitude toward the north. _ 

Denebola, in Leo, culminates on the 3d of May, 
at an altitude of 43°. 
and Phad, in the square of the Great Bear, is 399 
N. of it. It forms with these two a large right- 
angled triangle, the right angle being at Dencbola 
It is nearly on the meridian with Phad. Other 
stars then visible are — Procyon, W. by S.; Ca- 
pella, N. W.; Arcturus, E.; Spica Virginis, S. 5 
E.; Lyra, N. E., &c. 

Coma Berenices, a beautiful cluster of small stars, 
but scarcely distinguishable by moonlight, is on 
the meridian on the 13th of May. (See p. 63.) 

Spica Virginis comes to the meridian on the 
23d of May. Stars visible on the west—Capella, 
Castor and Pollux, and Procyon, near the western 
point. On the east—Lyra, Arcturus, Ras Alge- 
thi, Ras Alhague, and Altair, near the eastern 
horizon. Near the meridian, to the west—Cor 
Caroli, Alioth and Mizar, in Ursa Major. 

Arcturus is on the meridian on the 23d of June. 
The principal stars in Libra culminate at a lower 
altitude about the beginning of July. 

Corona Borealis is on the meridian about the lst 
of July. Its principal star is eleven degrees cast 
of ¢ Bootes. 

Antares, in Scorpio, passes the meridian on the 
10th of July, at a very low altitude. 

Ras Algethi, in Ophiuchus, and Ras Alhague, 
in Hercules, 5° apart, culminate about the 28th 
of July, nearly at the same time as the head of 
Draco. 

Vega, or « Lyre, culminates on the 13th of 
August. ‘'T'o the west of it, at a great distance, 
is Arcturus, and to the north-west, Cor Caroli. 
Capella is N. by E., at a low altitude; Altair, S. 
S. E.; and Deneb Cygni, E., at a high altitude. 

Altair, in Aquila, is at the meridian about the 
30th of August, at an altitude of about 46149. 

Arided or Deneb Cygni, is on the meridian on 
the 16th of September, at an altitude of 82149. 
At this time Arcturus is W. 8S. W., near the ho- 
rizon; Lyra and Etanim, in Draco, west from the 
meridian, but in a high elevation; Cor Caroli, N. 
W., at no great elevation; Hercules, S. W., mid- 
way between the meridian and the horizon; Al- 
tair, a little distance west of the 8.; and the Dol- 


Regulus is 25° west of it, 
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phin on the meridian; the square of Pegasus in a 
south-eastern direction, Aries in the east, and Ca- 
pella toward the north-east. 

All the stars specified above, at the periods of 
the year stated, pass the meridian (or culminate) 
at nine o'clock in the even Therefore, if at 
any one of the periods of the year here specified, 
ora few days before or after it, an observer, at 
nine o’clock, Pp. m., observe the principal star or 
stars near the meridian, he can scarcely be at a’ 
loss to recognize them, as well as some of the 
other principal stars and constellations on the 
east and west of the meridian, which are also speci- 
fied in the above descriptions. A person can never 
become familiar with the more prominent stars, 
the relative position of the different constellations, 
and the general aspect of the heavens, without ac- 
tual observations. Even the delineations on the 
celestial globe will not convey an accurate and 
impressive conception of the scenery of the hea- 
vens, unless the study of these delineations be 
accompanied with frequent surveys of the hea- 
vens themselves. It is hoped the preceding de- 
scriptions will afford some assistance to those 
young observers and others who wish to con- 
template the sublime objects of creation with their 
own eyes. 


N. B. In the above and the following descrip- 
tions of celestial phenomena, altitude signifies the 
hight of the star or planet above the horizon; S.S. 
K., south-south-east; N. by E., north-by-east, &c. 
Degreesare marked thus ©, minutes’, seconds”: thus, 
54° 27’ 35”, expresses fifty-four degrees, twenty 
seven minutes of a degree, and thirty-five seconds. 
Every degree contains 60 minutes, every min- 
ute 60 seconds, &c. When a heavenly body is 
said to culminate, the meaning is, that it has ar- 
rived at the highest point of its course, or its pas- 
sage over the meridian. The term is derived from 
the Latin word culmen, the top or summit. An 
occultation signifies the obscuration of a star or 
planet by the interposition of the moon, or of 
another planet. Conjunction is when two or more 
stars or planets are in the same part of the hea- 
vens; and opposition, when they are 180° asunder, 
or in opposite parts of the heavens. 





PHENOMENA OF THE PLANETS 
THE YEARS 1840 AND 1841. 


FOR 


I, POSITIONS, ETC. OF THE PLANETS For 1840. 


I. THE PLANET MERCURY. 


This planet can be distinctly seen by the na- 
ked eye only about the time of its greatest elon- 
gation; and to those who reside in high northern 
latitudes it will scarcely be visible even at such 
periods, if it be near the utmost point of its 
southern declination. 

The following are the periods of its greatest 
elongation for 1840: On the 8th of January it is 
at its western elongation, when it is 23° 19” west 
of the sun, and will be seen in the morning near 
the south-eastern part of the horizon; but as it is 
then 21° 45’ in southern declination, and this de- 
clination every day on the increase, its position 
at that time will not be favorable for observation. 
Its next greatest elongation is on the 20th of 
March, when it will be 1814 degrees east of the 
sun, and be seen in the evening soon after sunset. 
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eye, or by means of a small opera-glass, Its de- 
clination being above nine degrees north, and on 
the increase, it will be distinctly seen for about 
ten days—namely, from the 16th to the 26th of 
March, a little to the north of the western point 
of the horizon, not far from the point at which 
the sun sets at that period. On the 5th of May, 
it will again reach its greatest western elongation, 
when it will be seen in the morning before sun- 
rise. Its declination is then 41g degrees north, 
and western elongation from the sun, 26°18’. At 
this period, about four o’clock in the morning, it 
may be seen for more than three weeks—namely, 
from about the 20th of April to the 25th of May. 
Its direction will be nearly due east. This would 
form the most favorable opportunity of viewing 
this planet, were it not that the strong twilight 
at this season has a tendency to overpower its 
light. 

hn the month of July, if the long twilight do 
not prevent, there will be another favorable op- 
portunity of inspecting this planet. During the 
whole of this month, Mercury will be at a con- 
siderable distance from the sun; but the best time 
for observation will be from the middle until the 
end of the month, as the twilight will then be less 
intense. It arrives at the point of its greatest 
eastern elongation on the 1th, when it is nearly 
27° from the sun, and will be seen in the evening 
a little to the north of the western point of the 
compass, about forty minutes after ‘sunset, or 
nearly nine o’clock, p.m. Its next greatest west- 
ern elongation will be on the 1st of September, 
when it is 18° 5’ west of the sun. At this period, 
it may be seen in the morning before five o’clock, 
in a direction nearly east-by-north, from the 27th 
of August to the 5th of September. On the 12th 
of November, it is at its next eastern elongation, 
when it will be seen after sunset near the south- 
western point of the horizon; but as its southern 
declination is at this time about 25 degrees, it will 
descend below the horizon nearly at the same time 
with the sun. The next elongation is on the 21st 
of December, when it is 21° 50’ west of the sun, 
and will be seen in the morning between seven 
and eight, near the south-east quarter of the ho- 
rizon. 

The periods most favorable for detecting this 
planet in the evenings are, March 20th and Jul 
18th; and in the mornings, May 5th and Septem- 
ber Ist. During the interval of a week or ten 
days, both before and after the time of its greatest 
elongation, and sometimes for three or four weeks 
in succession, when in high north declination, 
this planet may generally be seen in a clear sky 
when in such favorable positions as those now 
stated. In those regions of the globe which lie 
south of the equator, the planet will be in the 
most favorable position for observation when in 
south declination. 


Il. THE PLANET VENUS. 


This planet, like Mercury, is seen alternately, 
in the evening toward the western quarter of the 
heavens, and in the morning toward the eastern 
quarter. In its luster it exceeds all the other stars 
and planets, and its brillianey is such that it can 
scarcely be mistaken by any observer when its 
position in the heavens is pointed ott. 

Venus will be seen only in the morning from 
the beginning of the year until the end of July. 
During the months of January, February, and 
March, it will be scen before sun-rise, chiefly in 





This will form one of the most favorable oppor- 
tunities of perceiving this planet by the naked, 


the south-eastern quarter of the heavens. Through- 
out April, May, June, and July, it will be seen in 
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the eastern and north-eastern parts of the heavens. | 
During the whole of this period, it will appear, 
when viewed with a telescope, either as a haif- 
moon or with a gibbous phase. Its superior con- 
Junction with the sun happens on the morning 
af the 25th of July, after which it becomes an 
evening star; but it will not be much noticed by 
common observers until about the beginning or 
middle of September, on account of its proximity 
to the sun. From this period it will continue to 
be seen in the evening chiefly in the south-western 
part of the sky, at a low elevation, until the end 
of the year. On the whole, this planet will not 
be very conspicuous during 1840, either to the 
eye of a common observer or for telescopic obser- 
vation. From the beginning of September to the 
end of December, it will exhibit a gibbous phase, 
a the moon about three or four days before the 
ull. 

Venus will be in conjunction with Saturn on 
the 22d of January, at 2h. 8'} p.m., when it will be 
57’ north of Saturn. It will be in conjunction 
with Mars on the 16th of June, at sixteen min- 
utes past three in the morning, when Mars will 
be 46’ north of Venus; and it will be in conjunc- 
tion with Jupiter on the 22d of’ October, at 8h. 
34’, p. m., when it will be 1° 6’ south of that planet. 


Ill. THE PLANET MARS. 


This planet will not be very conspicuous during 
this year on account of its great distance from 
the earth, and its proximity to that part of the 
heavens in which the sun appears. It is in con- 
junction with the sun on the 4th of May, after 
which it will be a considerable time before it 
becomes conspicuous to the unassisted ‘eye.— 
Throughout the months of August and September, 
and the latter part of July, it will be seen early 
in the morning, before sun-rise, near the north- 
eastern quarter of the heavens. From September 
until the end of the year, it will appear somewhat 
more conspicuous, but not exceeding in apparent 
size a star of the third magnitude. On the Ist of 
October it comes to the meridian at six minutes 
past nine in the morning, at an altitude of 52240 
above the southern horizon. On the first of Nov- 
ember, it passes the meridian at fourteen minutes 
past eight in the morning, at an altitude of about 
46°; and on the Ist of December, it transits the 
meridian at nineteen minutes past seven in the 
morning, at an altitude of 39249. At this time 
(1st of. December), it rises nearly due east about 
one in the morning, and will be pretty distinguish- 
able on account of its ruddy aspect about an hour 
before sunrise. 


IV. THE PLANETS VESTA, JUNO, CERES, AND PALLAS. 


These planets are not perceptible by the naked 
eye. The best time for observing them with 
telescopes is when they are at or near the period 
of opposition to the sun, when they are nearest 
the éarth. Even then it will be sometimes diffi- 
cult to detect them without the assistance of 
transit or equatorial instruments. 

Vesta will be in opposition on the 18th of May, 
when it will. pass the meridian at midnight, at an 
elevation above the horizon of 27° 3414’. Its 
right ascension is then 15h. 51’551", and its decli- 
nation, 10° 2514’ south. This planet will be in 
conjunction with the star € Libre on the first of 
March, at twenty-seven minutes past five in the 
morning, the star being 55’ north of Vesta; it will 
likewise be in conjunction. with the same star on 
the 15th of May, at noon, when the star will be 
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29’ south of the planet. On the 19th of July, at 
six in the morning, it will be in conjunction with 
y1 Libre, when the star will be only one minute 
south of the planet, so that they will both appear 
in the same field of the telescope. On the 26th 
of August, at nineteen minutes past eight, a. M., it 
will be in conjunction with y Scorpio, when the 
star will be only 11’ south of Vesta. On Septem- 
ber 3d, at eight in the evening, it will be in con- 


. junction with 1 Ophiuchi, the star 11’ north of 


the planet. On the 2d of October, at half-past 
one in the, morning, it is in conjunction with 
Saturn, being 1° 2’ south of that planet; and on 
the 6th of December, at ten minutes past one in 
the morning, it is in conjunction with Venus, 
Vesta being only 11’ north of Venus. 

Pallas will be in opposition to the sun on the 
5th of July, at thirty minutes past nine in the 
evening. Right ascension, 18° 44’ 52”; north de- 
clination, 22° 11’ 37”. It will pass the meridian 
about midnight, at an altitude of about 60° 111’ 

Ceres will be in opposition July 17th, at six in 
the morning. Right ascension, 19° 54’; south 
declination, 30° 8’. “It will pass the meridian at 
an elevation somewhat less than 8°. 

ets wil] not be in opposition to the sun during 
1840. 

That the best time for observing these bodies is 
at the period of their opposition will appear from 
the following consideration:—that they are between 
two and three times nearer the earth at the time 
of opposition than when near the period of their 
conjunction with the sun; for example, Vesta is 
225 millions of miles distant from the sun, and 
consequently only 130 millions distant from the 
earth at the time of opposition; but at the con- 
junction, it is the whole diameter of the earth’s 
orbit—190 millions of miles, farther distant,—that 
is 320 millions of miles, which is a distance about 
two and a half times greater than when it is in 
opposition. 


V. THE PLANET JUPITER. 


During the months of January, February,March, 
and April, this planet will, be seen chiefly in the 
morning. About the beginning of February, it 
will rise in a direction south-east by east, about 
half-past one in the morning, and will come to 
the meridian at.a quarter past six in the morning, 
at an elevation of about 22° above the southern 
horizon. On the Ist of March, it will rise about 
eight minutes before midnight, and pass the meri- 
dian about half-past four in the morning. On 
the Ist of April, it will rise at forty-three minutes 
past nine in the evening, and pass the meridian 
at a quarter past two in the morning. It will be 
in opposition to the sun, and consequently nearest 
the earth, on the 4th of May, when it will rise 
between seven and eight in the evening. From 
this period until the middle of November, when it 
is nearly in conjunction with the sun, it will be 
visible as an evening star, when it will be seen at 
different periods, chiefly in the south-eastern, the 
southern, and south-western parts of the heavens, 
at a comparatively low altitude; but it will not 
be much noticed by the naked eye after the end 
of September on account of its southern declina- 
tion, which, for a considerable time, will be grad- 
ually increasing. Toward the end of December, 
it will again be seen in the morning near the 
south-eastern quarter of the horizon. The best 
time for telescopic observations on this planet 
will. be from the beginning of April until the 
beginning of September. 

Jupiter will be in conjunction with the star 
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22 Libre on the 15th of May, at forty-three min- 


utes past three in the morning, when the star-will | 


appear one degree south of Jupiter; and on the 
Qith of August, at a quarter past two in the 
morning, it will be in conjunction with the same 
star, when it will be 34’ below Jupiter. On the 
Q1st of November, at 4h. 34’, p.m., itis in conjunc- 
tion with the sun. On March 5th, at three in the 
morning, all the satellites.of Jupiter will be on 
the east of that planet, when viewed with a tele- 
scope having an erect eye-piece, and in the order 
of their distances from Jupiter. The same pheno- 
menon will happen ou the 8th of June, at thirty 
minutes past eleven in the evening; on the Ist of 
August, at half-past eight in the evening; on the 
27th of August, at the same hour, but on the west 
of Jupiter; on the 20th of September, at seven, 
Pp. M., on the east of Jupiter; and on the 16th of 
October, at six, p.m., on the west of Jupiter. 

This planet can scareely be mistaken, even by 
a common observer, when the quarter of the 
heavens in which it is visible is known, as it is 
next to Venus in apparent magnitude and splen- 
dor. It will appear most brilliant about the end 
of April and the beginning of May. 


VI. THE PLANET SATURN. 


This planet was in conjunction with the sun 
on the 6th of December, 1839; and therefore it 
will not be before the month of February this 
year that it will be in a favorable position for 
telescopic observation. During the months of 
February, March, and April, it will be seen only 
in the morning before sunrise, in the south-eastern 
quarter of the heavens, at a comparatively low 
altitude. On the Ist of February, it rises at half- 
past four in the morning, and comes to the meri- 
dian about half-past eight, at an elevation of 
about 164°. On the first of March, it rises at 
forty minutes past two in the morning; on the 
Ist of April, at forty-two minutes past twelve, 
midnight; and on the first of May, it rises at 
forty minutes past ten in the evening. It is in 
opposition to the sun on the 8th of June; after 
which it will be seen in the evening. During 
the greater part of the month of May, it will 
likewise be seen between ten in the evening and 
midnight, but at a low altitude. It will continue 
to be visible until the month of December, but it 
will be difficult to distinguish it after the month 
of October, on account of its low altitude and its 
proximity to the sun. It arrives at the point of 
its conjunction with the sun on tie 15th of De- 
cember. The most favorable times and positions 

_ for taking telescopic views of this planet will be 
during the months of May, June, July, August, 
and September, especially when it is on or near 
the meridian. During the latter part of August 
and the months of October and November, about 
un hour after sunset, it will be seen toward 
the south-western quarter of the heavens, at 
a comparatively small elevation above the ho- 
rizon. 

_ This planet is not distinguished for its brilliancy 
to the naked eye; but it exhibits a most striking 
and beautiful appearance through a. good tele- 
Scope; more so than any other planet of our sys- 
tem. [t appears of a dull leaden color when viewed 
by the naked eye, and is not easily distinguished 
from a fixed star except by the steadiness: of its 
light, never presenting a twinkling appearance 
as the stars do; and from which circumstance it 
may be distinguished from neighboring stars. It 
will be in conjunction with the star Rho Ophiuchi 
on the 5th of June, at 51 minutes past 8, P.M. 
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when the star will be about half a degree north of 
the planet. It will likewise bo in conjunction 
with the same star on the 27th of October, at 9h. 
36’, e.m., when the star will be fifty-four minutes 
of adegree north of the planet. During this year 
the rings of Saturn will appear to the greatest ad- 
vantage, the openings of these rings being then 
at their utmost extent. In the beginning of Oc- 
tober, the proportion of the longer axis to 
the transverse axis of the rings is nearly as 35 
to 16. : 


VII. THE PLANET URANUS. 


This planet is for the most part invisible to the 
naked eye. The best time for detecting it by 
means of a telescope is when it is at or near the 
period of its opposition to the sun, which hap 
pens this year on the morning of the 11th of Sep- 
tember. At that time it, passes the meridian 
about midnight, at an elevation of about 322¢° 
above the horizon. On the Ist of August, it 
passes the meridian at forty minutes past two in 
the morning; on the Ist of October, at thirty-two 


| minutes past ten in the evening; on the Ist of 


November, at twenty-seven minutes past eight; 
and on the Ist of December, at twenty-eight 
minutes past six, in the evening. Its right as- 
cension, or distance from the first point of Aries 
at its opposition, September 11, is 23h. 18’; and 
its south declination 5° 20’ 26”. It rises during 
the year at points a little to the sonthward of the 
eastern point of the compass. It is in conjunc- 
tion with the moon on the 9th of January, at 2h. 
17’, p. m., when it is 1° 27’ south of the moon. It 
is in conjunction with Mars on the 16th of Feb- 
ruary; at 11h, 33’, p.m., when Uranus is only nine 
minutes of a degree to the north of Mars; so that 
the two planets would be seen at the same time 
in the field of the telescope, were not both these 
bodies rather too near the sun at that time for 
distinct observation, It is in conjunction with 
the sun on the 6th of March, and with the moon 
on the 31st, when it is 2° 1’ south of the moon. 
It is in conjunction with Venus on the 6th of 
April, at seven in the morning, when it is 46’ 
north of Venus.. On the 25th of May, at forty- 
five minutes past nine in the evening, it is in con- 
junction with the moon, when it is 2° 39’ south 
of that luminary. On the 15th of August, at 
3h. 15’, e. M., it is again in conjunction with the 
moon, when it js 3° 9’ south of that luminary. 
On the 11th of September, at Sh. 42’, p. m.; and 
on the 9th of October, at four in the morning, it 
is in conjunction with the moon, and in both cases 
it is then about 3° south of the moon. 


N. B. In the preceding statements, the observer 
is supposed to be in 52° north latitude. In places 
a few degrees to the north or south of this lati- 
tude, a certain allowance must be made for the 
times of rising and the altitudes which are here 
specified. To those who reside in lower latitudes 
than 52° the altitudes of the different bodies will 
be higher, and to those in higher latitudes the al- 
titudes will be lower than those which are here 
specified. For example; when it is stated that 
Saturn comes to the meridian at an altitude of 
16449, this planet will pass the meridian of a 
place in 42° N, latitude, at an altitude of 26140, 
and the meridian of a place in 62° N. latitude, at 
an altitude of only 614°. There being 10° of 
difference in the latitude of the supposed places, 
the altitude of the heavenly body will be 10° 
aoe in the one case, and 10° lower in the 
other. 
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Il. POSITIONS OF THE PLANETS For 1841. 


I. MERCURY. 


This planet is at its superior conjunction with 
the sun on the 5th of February, and at its great- 
est elongation on the 4th of March, when it is 
18° 8’ east of that luminary; it will therefore ap- 
pear as an evening star, in a direction nearly due 
west, a little above the horizon, after sunset, be- 
tween six and seven in the evening. It arrives at 
its inferior conjunction with the sun on the 20th 
March. Its next greatest western elongation hap- 
pens on the 17th of April, when it is 27° 21’ west 
of that luminary. The planet will be seen about 
ten or twelve days before and after this time in an 
easterly direction, between three and four in the 
morning. Its next superior conjunction is on the 
26th of May; and its next greatest eastern elon- 
gation, on the 30th June, when it is 25° 49’ east of 
the sun, and consequently will be visible in the 
evening, in a north-westerly direction, after sun- 
set. This would form one of the most favorable 
opportunities of seeing this planet, as it is then 
in a high north declination, were it not that the 
strong twilight at this season prevents small ob- 
jects in the heavens from being easily distin- 
guished. Its next greatest elongation is on August 
15th, when it.is 18° 37’ west of the sun, when it 
will be seen in a north-easterly direction, about 
four in the morning. Itis again at its greatest 
eastern elongation on the 25th of October, when 
it is nearly 24° east of the sun. It will be near 
the south-western part of the sky about sunset; 
but its great southern declination, at that period, 
will prevent it from being easily distinguishable. 
On the 3d of December, it will reach the point 
of its greatest western elongation, when it is 201° 
west of the sun, when it may be seen for a week 
before and after this time, about seven in the mor- 
ning, in a direction a little to the north of the 
south-east point of the compass, at low altitude. 


II. VENUS. 





Venus will this year exhibit a more frequent 





Time of conjunction, : Star 
m. 
1. Jan. NO i vctaterscuee Mab AdVE 
2 — Pan iets ieee 1 25 AM. 
3. Feb. Sims aoe ais 7 46 A.M 
A. “Ware © 22 aabaekacrs: 011 A.M 
5. April Hae ats tateler 6 56 A.M. 
6 — OBE riled 6 31jP.M. 
he July Dis. S59) ciate 7 43 A.M. 
8. — Boe a haloes Ss020 PN. 
9, — Ray ie. ated ate 1 4AM. 
10. — Dh hide aa 3 40 A.M. 
il. — Sas ieieers 11 15 A.M. 
12; August? 45 00. 32 9 25 A.M. 
13. — Citroen. ¢ 1 26 P.M. 
14 — DD okstataceets 3 53 A.M. 
1. — LD werk s'ak 7 12 P.M. 
16. Sept. DO esextiase 2 45 A.M. 
17 Voegeli 7 50 A.M. 
18 — DO nee 013 A.M. 
195 Ost. Dieters sa 7 35 A.M. 
90. LOT areas 9 2AM. 
21. — 13% Bais 9 56 P.M. 
22. — WG ive darsdee's 9 42 P.M. 


time of conjunction of the star or planet with 
Venus; the second column contains the same. star 
or planet; and the third, the distance and position 
of the star or planet from Venus. N.denotes that 
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and brilliant appearance to common observers 
than in 1840. It will be an evening star, first in 
the south-western, next in the western, and after- 
ward in the north-western quarter of the heavens, 
during the months of January, February, March, 
April, and the beginning of-May. During the 
greater part of January, it will appear nearly ina 
south-westerly direction,and W.S. W. Through- 
out February, it will appear nearly west, and 
west-by-north. Throughout March, April, and 
the beginning of May, it will be seen in a north- 
westerly direction, will be visible in a pretty high 
elevation above the western horizon, and will con- 
tinue for the most part nearly three hours above 
the horizon after sunset. Its greatest brilliancy 
is about the 8th of April, when it appears in a 
crescent form. When viewed by the telescope 
in January, it will present a gibbous phase, like 
the moon four or five days before or after the 
full. In February and March it will be in the 
form of a half moon; in April.and the beginning 
of May, it will assume the figure of a crescent; 
this crescent will appear more and more slender, 
but more expansive, until within a few days of its 
inferior conjunction with the sun, which takes 
place on the 15th of May, about one in the morn- 
ing. After this period, this planet will be seen 
by the naked eye only in the morning before sun- 
rise, in an easterly and north-easterly direction, 
until the end of the year; but with an equatorial 
telescope it may be distinctly seen every clear day, 
even at noon, during its whole course from one 
conjunction to anether, with the exception of 
only two or three weeks in the course of nine- 
teen months. Its greatest brilliancy after passing 
its inferior conjunction, is about the 20th of June; 
previous to which it will appear as a crescent, and 
will afterward gradually assume a half moon and 
a gibbous phase. 

Venus, in its course throughout this year, will 
pass very near some of the other planets and some 
of the fixed stars. The following table exhibits 
the times and circumstances of those conjune- 
tions in which Venus makes the nearest approach 
to some of these bodies. 

In the following table, the first column states the 


in conjunction, Relative position. 
ZONAL = coutte. <leys * OCLS'N. 
Wirantiss cc tepsee os Ura. 10. 4 N. 
SP VeIRISCLIAM es ae aletee's Fe O03 Ne 
SS NGIOTS totais caoza,. * 0.8. 
e Pleiadum ...... * Q 51.8. 
The, Woon ..s6ses Ven. 0 59 N. 
dTauri ae * 0. 11S. 
DAU cteveks oe * 0 20S. 
LGN by. tc saps * 0 6N. 
HOUMA Nig Geet eee * 0 46 S. 
CAAT ha) pine oi * Q57N. 
HAOTIONIS | <0 + * 01458. 
x5Orionis ...... * 0 3058. 
yGeminorum .. # 0 35 S. 
€Geminorum ... * 0 45. 
By CANCBy wars stetore.avs * 0 38N. 
The Moon ,..... Ven, 1) 2h. 
 LEOMiG ys cates e «a, * 0.358 
al COIS wets ia\ateraun * 0 43 S. 
x Leonis ...... * O15N. 
GudbsP ODA aedeiaves a. # 0 29 N. 
» Virginis * 0 14 S. 


the star is north of Venus; andS., that it is south. 
A. M. denotes before twelve at noon; and P. M., af- 
ternoon. In those conjunctions marked Nos. I, 
2, 3, 4, 8, 9, 12,15, 17, 18, 20, 22, the star and 


ad “* 
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the planet will be seen in the same field of view 
of the telescope; and although the observation 
should require to be made in the day-time, the star 
may probably be distinguished if the telescope 
have a great magnifying power. The conjunc- 
tion of Venus with: Uranus on the 25th of Janu- 
ary, at twenty-five minutes past one in the morn- 
ing, will afford an opportunity to amateur observ- 
ers of observing this latter planet, which is invisi- 
ble to the naked eye. Although both these bodies 
will be set to the inhabitants of Britain before the 
conjunction takes place, yet they will be both seen 
in the same field of the telescope between six and 
eight o’clock on the preceding evening, and they 
will not be far distant on the evening immediately 
succeeding the conjunction. At New York, Phi- 
ladelphia, Boston, and other parts of the United 
States, these planets will be seen about an hour 
or an hour and a half before the time of conjunc- 
tion, Uranus appearing'very near Venus, and up- 
permost, when viewed with a telescope having an 
erect eye-piece. 


N. B. All the above and the preceding and fol- 
lowing statements are calculated for the meridian 
of Greenwich, and are expressed, not in astrono- 
mical, but in civil time. 


III. MARS. 


During this year this planet will make a con- 
spicuous appearance, and be seen in its brightest 
luster; but its declination being south throughout 
the year, it will not rise to so high an altitude, 
nor remain so long above the horizon, as in some 
former years. During the months of January, 
February, and March, it will be seen only or 
chiefly in the morning, in a south-easterly direc- 
tion. In the beginning of January, it will appear 
nearly in a direction east by south, soon after the 
time of its rising. On February the first, it comes 
to the meridian about five'in the morning, at an 
altitude of about 29°; and on March the first, at 
thirty-seven minutes past three in the morning, 
at an altitude of 27°. About the middle of March, 
it will rise about half-past nine in the evening, 
and may be seen about an hour or two afterward 
near the south-west quarter of the heavens. From 
this period, it will be seen in the evening, until 
the end of the year; but as its distance from the 
earth will rapidly increase after the months of 
August and September, and as it is then in a high 
degree of south declination, it will not be much 
noticed by common observers during October, 
November, and December. On the 18th of April, 
about two in the morning, it arrives at the point 
of its opposition to the sun, when it is nearest the 
earth, when it appears. with a full enlightened 
hemisphere, and when it affords the best opportu- 
nities for telescopic observation. It will be most, 
conspicuous this year in the evening, during 
March, April, May, June, July, and August, and 
will be distinguished from surrounding stars by its 
ruddy appearance. Dtiring the months of July, 
August, and September, it will be seen chiefly 
near the south-western portion of the sky. On 
the 11th of March it is stationary; that is, appears 
without any apparent motion; after which, its 
motion is retrograde, or contrary to the order of 
the signs of the Zodiac, and so continues until 
the 29th of May, when it is again stationary; after 
which its motion is direct or according to the 
order of the signs. 

The planet Mars will be in conjunction with 6 
Virginis on the lst of January, at thirty-two 
minutes past four, rp. m., when the star will be 17” 
south of the planet. It will be in conjunction 
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with x Virginis on the 4th of April, at eight 
o’clock in the morning, when the star will be 49’ 
north of Mars. It will be in conjunction with 
2 2, Libre on the 10th of August, at nineteen 
minutes past two, Pp. M., the star 19 58’ north. On 
the 16th of September, at fifty-three minutes past 


‘three in the morning, the star g Ophiuchi will be 


in conjunction, at the distance of only 1’ to the 
south; so that the two bodies will seem almost to 
touch each other. -On the 27th of September, 
about six o’clock in the evening, this planet will 
be in conjunction with Jupiter, when Mars will 
appear 2° 4’ to the south of Jupiter. On the 4th 
of October, at thirty-five minutes past ten, B 
M., it will be in conjunction with 6 Ophiuchi, 
when the star. will appear only 6’ south of the 
planét. On December 18th, it will be in conjunc- 
tion with ¢ Capricorni, at 8h. 47’, rp. m., when the 
star will be only eight minutes of a degree south 
of Mars. 


IV. VESTA, JUNO, CERES, AND PALLAS. 


These planets will all be in opposition to the 
sun this year. Vesta will be in opposition on the 
22d of October, at twenty-one minutes past three 
in the morning. It will transit the meridian 
about midnight, at an altitude of 38° 20’. Right 
ascension, 2h. 2’ 27”; north declination, 20’ 23”. 
On the 20th of April, at lh. 25”, p. m., it is in 
conjunction with the star p Piscium,-the star 1© 
34’ north of the planet. On the 22d of April, at 
10h. 56’, a. M., it isin conjunction with r Piscium, 
the star 1° 11’ south of ‘Vesta. On the 24th of 
August, at lh. 44’, a. m., the star y Ceti will be in 
conjunction, the star 14’ north of Vesta; both 
these bodies will therefore be seen in the same 
field of a telescope. 

‘Juno will be in opposition on the 19th of March, 
at 2h. 45’, p. mz, and will come to the meridian 
about midnight, at an altitude of 4193’. Right 
ascension, 11h. 59’ 55”; north declination, 3° 3’ 
15”. Juno will be in conjunction with » Virginis 
on the 4th of March, at 3h. 24’, p. m., the star 29’ 
south of Juno. On the 25th of April, at noon, it 
will be in conjunction with y Virginis, when the 
star will be only 7’ north of the planet. This 
conjunction will afford a favorable opportunity 
for detecting Juno. On the 24th of May, at 7h. 
12’, a. m., it will again be in conjunction with » 
Virginis, when the star will be 36’ south of the 
planet. On the 22d of June, at 8h. 36’, a. m., it 
will be in conjunction with x Virginis, the star 
45’ north of the planet. 

Pallas is in opposition to the sun on the 4th of 
September, at 5h. 34’, p. m., when it will come to 
the meridian at an altitude of 40° 4114’. Right 
ascension, 22h. 37’; north declination, 2° 41’ 20”. 
Pallas will be in conjunction with the star » 
Aquarii on the 20th of September, about, one in 
the morning, when the star will be 22’ south of 
Pallas. 

Ceres is in opposition on October 13th, at 
twenty-two minutes past eleven, a. M., and comes 
to the meridian at that time at an elevation above 
the southern horizon of 32° 4514’. Right ascen- 
sion, Lh. 35’ 20”; north declination, 5° 14’ 30”. 


Vv. JUPITER. 


This planet passed its conjunction with the sun 
on the 2Ist of November, 1840, and will appear 
as a morning star during the months of January, 
February, March, and April. On the Ist 6f 
January, it will rise near the south, at thirty-four 
minutes past five in the morning, and will pass the 
meridian at forty minutes past nine, at an altitude 
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of nearly 179. On the Ist of February, it will rise 
in the same quarter, at fifty-six minutes past three, 
and come to the meridian about eight. On the 1st 


of March, it will rise at twenty-two minutes past | 


two in the morning, and pass the meridian at twen- 
ty-eight minutes past six. On the Ist of April, it 
rises at twenty-eight minutes past twelve, mid- 
night; and on the 1st of May, at thirty-two minutes 
past ten in the evening; after which it will continue 
to be seen in the evening until about the middle of 
November. It will be in conjunction with the sun 
on the morning of the 23d of December, after which, 
it will be a morning star. The declination of Ju- 
piter on January Ist is 21° 344’ south, and on the 
Ist of December, 23° 1314’ south. On account, 
therefore, of its great southern declination, its alti- 
tude will be low, and its duration above the horizon 
comparatively short. Its altitude, when passing the 
meridian about the beginning of December, is 
only 14° 46’. 
on the 5th of June, at 10h. 16,r. m. It will 
appear chiefly in a southerly and south-westerly 
direction in the evenings of July, August and 
September. The ‘best time for telescopic obser- 
vations on this planet, in the evening, will be from 
April until the end of August. ; 


On the 20th of April, at a quarter-past three in 
the morning all. the satellites of Jupiter will 
appear on the west. side of the planet, when 


viewed with a telescope having an erect eye-piece, 


and in the order of their distances from Jupiter. 
The same phenomenon will happen on the 8th 
of June, at thirty’ minutes past eleven in the 
evening. .On the 5th and 18th of July (on the 
east of Jupiter), at forty-five minutes past nine 


in the evening; on the 27th of September, at 7h. 
and on the 17th of November, at) 


30’, P. M.; 
5h., P. M. 


V1. SATURN. 


from the beginning of January until the begin- 


ning of May. On the lst of February, it will. 


rise at 5h. 8’, a. m., in a direction nearly south-east, 
and will come to the meridian at 9h. 8’, 4. m.,/at 


an altitude of 15° 35’; on the 1st. of March, it 


rises at twenty-eight minutes past three in the 
morning; .on the ist of April, at thirty-one 
minutes past one; and on the Ist of May, at 
thirty-two minutes past eleven in the evening. 
From January until’ May the planet will be seen 
chiefly in 4 south-easterly direction in the morn- 
ing, at a small elevation above the horizon, From 
July until October it will be seen in the evening, 
chiefly in a southerly and south-by-west direction. 
It is in opposition to the sun on the 21st of June, 
when it rises about eight in the evening, and passes 
the meridian about midnight. It will be in con- 
junction with the sun on the 27th of December. 
Its right ascension on the Ist of January is 17h. 
43’, and its south declination, 22° 21’. On the 
31st of December, its right ascension is 18h. 26’, 
and south declination, 22° 40’.. On account of 
its great southern declination and its vicinity to 
the sun, it will not be much noticed during the 
latter part of October and the months of Novem- 
ber and December. 
During this year the ring of Saturn will be in 
a very favorable position for telescopic observa- 
tion, the elliptical figure of the ring appearing 
nearly at its utmost width, so that it will appear 
very nearly to encompass the planet. The best 
eriods for telescopic observations in the evening 
will be from the month of May, until the end of 
September. 


Vou, II.—29 


Its opposition to the sun happens. 


« | the sun. ' 
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a. VII. URANUS. 

_ Uranus will be in opposition to the sun on the 
15th of September, at 10h. 17’, a. m., when it. will 
pass the meridian about midnight, at an altitude 
of 349.15’. Right ascension at this period, 23h. 
3344’; south declination, 3° 45’. It isin conjune- 
tion with Venus onthe 25th of January, at twenty- 
five minutes past one in the morning, and is dis- 
tant from Venus only four minutes of a degree. 
It is in conjunction with Vesta on the 9th of April, 
at nine in the evening, being 3° 54’ to the north 
of Vesta. Onthe lst of September, it passes the 
meridian at fifty-one mjnutes past twelve, mid- 
night; on the Ist of October, at forty-nine mi- 
nutes past ten in the evening; on the lst of No- 
vember, at forty-three minutes past eight; on the 
Ist of December, at forty-four minutes past six; 
and on the Ist of January, 1842, at forty-four 
minutes past four in the afternoon. The most 
eligible periods for detecting this planet by means 
of the telescope are the months of August, Sep- 
tember, October, and November. 


‘N. B. The preceding descriptions of planetary 
phenomena are chiefly intended to inform com- 
mon observers as to the seasons of the year when 
the different planets may be seen, and the quar- 
ters of the heavens to: which they are to direct 
their attention in order to distinguish them. It 
may be proper'to. observe, that the planets in 


‘general cannot be distinguished by ‘the naked eye 


for about a. month before and after their conjunc- 
tions with the sun, except Venus, which may fre- 


‘quently be seen within a week before and after its 


inferior conjunction; but this planet. will some- 
times be inyisible to the naked eye for a month or 
two before and after its superior conjunction with 


For a particular description of the motions, dis- 


as 7 bs | tances, magnitudes, and other phenomena in rela- 
This planet will be seen only in the morning, ‘ 


tion te the primary planets and their satellites, the 
reader is respectfully referred to the volume enti- 
tled** CetmstiaL Scenery; or the Wonders of the 
Planetary System Displayed,” where all the most 


interesting facts connected with the solar system, 


and the scenery it displays, are particularly de- 


tailed. 


ECLIPSES AND: OCCULTATIONS. 
ECLIPSES in 1840. 


There will be four eclipses this:year, two of the 
sun and two of the moon; but none of them will 


| be visible within the limits of the British isles, 


nor in the United States of America, except a par- 
tial eclipse of the moon, August 13th, at 7h. 23’, 
A.m., Greenwich time. , This eclipse will be visi- 
ble at Philadelphia, New York, Boston, and most 
parts of North America, but not in Britain. 
On March 4th, there will be an annular eclipse of 
the sun, the middle of which will happen at 7h. 
23’, A.M:; and on August 27th there will be a total 
eclipse of the sun; middle of the eclipse about 7h., 
A.M. ‘These two interesting eclipses will be visi- 
ble chiefly in the eastern parts of the globe, in the 
eastern parts of Africa, the East Indies, the In- 
dian Ocean, Australia, &c. At the Cape of Good 
Hope, there will be a partial eclipse of the sun 
on August 27th; but both eclipses will be invisi- 
ble both in Britain and America. 


ECLIPSES in 1841. 


_ This year there will be six eclipses, four of the 
sun and two of the moon, at the following times 
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Of the sun, January 22d, at 5h. 23", a partial 
eclipse, visible only in a small portion of the 
southern ocean; of the moon, February 6th, at 2h. 
6’, a. m., visible in Great Britain; of the sun, a 
partial eclipse, February 21st, at 11h. 4’, a. m., 


visible chiefly in the North Atlantic Ocean, Ice-. 


land, and East Greenland; of the sun, a partial 
eclipse, July 18, at 2h. 24’, p.m., visible in Baffin’s 
Bay, Iceland, Norway, Sweden, Russia in Europe, 
Prussia, Germany, Scotland, &c., but invisible at 
Greenwich; of the moon, a-total eclipse, August 
2d, at 10h. 1’, a. m.; of the sun, a partial eclipse, 
August 16th, at 9h. 19’, p.m., visible chiefly in the 
South Pacific Ocean. The times here specified 
denote the middle of the eclipse. 

All the above eclipses are invisible at Green- 
wich, and in most parts of Britain, except the total 
eclipse of the’ moon on Fébruary 5th and 6th, of 
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which the following is a more particular detail in 
mean time at Greenwich: 

h. m. 
First contact with penumbra of the 

earth’s shadow, Feb. 5......4.... 11 24 
First "contact with dark shadow, 

Feb. 6...... 
First total immersion in dark shadow, 

BeWH OP Massie ok ee wee a aere kOe Seem 
Middle of the-eclipse, Feb. 6....... 2 61ga.m 
Last total immersion in dark shadow, 

Helnatasec a. ct ye mess tatatate aan tate 2 55% a.m 
Last contact with dark shadow, 

Heb Genesee se Ne temier te atte 3 522% a.m 
Last contact with penumbra, Feb. 6, 4 49 a.m 

Digits eclipsed, 2016 


A large solar eclipse will be visible on July 8, 


P.M 


oe 


PLATE IV. 


THE SOUTH CIRCUMPOLAR STARS. 





1842; and no eclipse of the sun will be visible in 
Britain until that time, ‘That eclipse will be total 
in the southern parts of France, and large even 
in and near London. At Greenwich, it will be- 
gin at 4h. 5214’, 4. m., and end at 6h. 43’. Digits 
eclipsed 9° 421%’. Of course this eclipse will not 
be visible in the United States, nor throughout 
any part of America, as the sun will not at that 
time be risen to those places, 


OCCULTATIONS OF VENUS BY. THE MOON IN 1841. 


On the 26th of March, 1841, the planet Venus 
will suffer an occultation by the moon. It will 
begin to be immersed behind the moon at forty 
minutes past two o’clock in the afternoon, of 
Greenwich mean. time, and will emerge from be- 





hind the opposite limb of the moon at twenty- 
three minutes past 3, p.m. Another occultation 
of Venus will happen on the 12th of September, 
1841; immersion, thirty minutes past six in the 
morning; emersion, forty-two minutes past 7, a.m. 
In the occultation of March 26, Venus will be 
nearly in the form of a half moon, and the moon 
in the form of acrescent. Venus will be immerg- 
ed at the dark (or eastern) limb of the moon, and 
will emerge from the enlightened crescent. They 
will be then nearly on the meridian, at an altitude 
of about 60°, and nearly three hours of right ascen- 
sion east of the sun. “A short time after sunset, 
Venus will be seen a little west from the lunar 
crescent, but very near.it, shining with consider- 
able splendor. Although this occultation will 
happen while the sun is above the horizon, yet 
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both"the moon and Venus will be easily perceived 
with a common telescope of very moderate mag- 
nifying power. In the occultation which takes 
place on the morning of September 12, Venus 
will, as in the former case, be nearly in the shape 
of a half moon, and the moon a slender crescent, 
being only 214 days from the period of conjunc- 
tion or new moon. In this case Venus will be 
immerged at the enlightened limb of the moon, 
and emerge from the'dark limb. Both bodies will 
be then in an easterly or north-easterly direction, 
and the immersion will take place a little after 
sunrise; about half an hour before which, Venus 
will be seen a very little to the east of the moon. 


EXPLANATIONS OF SOME OF THE EN- 
GRAVINGS OF THE STARS. 


Puatzes I and II, which represent portions of 
the heavens as seen about the middle of January 
and the lst of September, have been explained pp. 


* 


stellation is represented near the line, or meridian, 
which points at XII, opposite to the month of 
May. All its stars, except the lowermost, appear 
within the limits of the Milky Way. The stars 
immediately below the Cross belong to the Cen- 
taur; those on the left, opposite April, belong to 
Robur Caroli, or King Charles’s Oak, which con- 
tains a star of the first magnitude. Farther to 
the left, opposite March, is Argo Navis or the Ship. 
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13-16; ‘and Piers III, which represents the north 
circumpolar stars has been explained pp. 16-19. 

| Prats IV represents some of the larger stars 
and principal constellations around the South Pole, 
to the distance of 45° from that pole. It also 
shows a portion of the Milky Way which tra- 
verses that region of the heavens, and which is 
said to appear there with peculiar brilliancy. One 
of the principal constellations which is frequently 
noticed, and which appears peculiarly striking to 
sea-faring people and others, is called Cruz, or the 
Cross, from the resemblance it bears to that figure. 
It consists of five stars, one of the first magni- 
tude, two of the second, one of the third, and one 
of the fourth magnitude. Four of these are in 
the position of the cross; the northernmost and 
southernmost of which are always in a line with 
the south. pole, and therefore serve for a direction 
in south latitude to discover that pole, as the Two 
Pointers in the Great Bear serve to direct the eye 
to the North Polar-star. There is no large or pro- 
minent star at or nearthe South Pole. This con- 





' Fig. 85. 


Still farther to the left, opposite February, is 
Pisces Volans, the Flying Fish, which contains a 
star of the first magnitude, named Canopus. This 
star is marked near the left side of. the map, op- 
posite the middle of February. To the right from 
the Cross are the two fore legs of the Centaur, 
distinguished by two stars of the first magnitude, 
named Agena and Bungula, Agena being the one 
next to the Cross They are in the Milky Way, 
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and appear opposite the month of June. Next to 
the Cross and the Centaur, on the right, are,Cir- 


cinus, or the Compasses; the Southern Triangle, | 


which contains three stars of the second magni- 
tude in the form of a triangle; and Ara, or the 
Altar, which lies adjacent to the right-hand side 
of the map, opposite the space bétween July and 
August. 
Directing our attention to the upper part of the 
map, on the left, there is the constellation Equa- 
leus Pictoria, or the Painter’s Easel, which consists 
of anumber of small stars. Next to this, anda 
little above it, is Dorado, or the Sword-Fish, which 
contains two or three stars of the'second and third 
magnitudes. To the right of Dorado is Hydrus, 
or the Water Snake; above. which is Achernar, a 
star of the first magnitude in Hridanus, which 
appears opposite the Ist of December. Next to 
Achernar, on the right is T’oucana, or the Amer- 
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ican Goose; above which, opposite November, is 
the Phenix; tothe right of which is the Crane, 
which contains two stars of the second magni- 
tude; below which is Pavo, or the Peacock, which 
contains several stars of the second. and third 
‘magnitudes; below Pavo, opposite to August, is 
| Telescopium, or the Telescope, which contains no 
remarkable stars. Within eleven degrees of the 
South Polo, represented by the, central point of the 
map, are two of those whitish or nebulous spaces 
called the Magellanic Clouds, which are found by 
the telescope to. consist of small stars and nebu- 
lous appearances. The other. Magellanic cloud, 
which is the largest, is at a considerable distance 
from the South Pole. In specifying the names of 
some of the above stated constellations, the incon- 
gruity of the animals and figures by which these 
groups of stars are represented will at once be ap- 
parent to the reader. j 





Fig. 86. 


Puate V. contaims a condensed representation 
of some of the principal constellations in the 
northern and southern hemispheres on Mercator’s 
Projection, chiefly for the purpose of exhibiting 
THE COURSE Of THE Minky Way, and the relative 
positions of the constellations, Some of the larger 
stars may be here traced as 2 Lyre, Capella, &c., 
but they are more easily distinguished in the other 


Wee 3%) the description given of the Milky 











Fig. 80 (p. 124) represents the comet of 1661, 
as seen by Hevelius; the atmosphere, or nebulo- 
sity, surrounding the nucleus, when viewed at 
different times, varied in its extent, as likewise 
the tail in its length and breadth. 

Fig. 81 (p. 124) represents a class of comets 
which have their tails somewhat bent, which 
some suppose to be owing to the resistance of 
the ethereal fluid through which they move. 

Fig. 85 represents a telescopic view of the Pleia- 
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des, a group of stars in the constellation Taurus. 
About forty stars are here represented, but with 
powerful telescopes many more may be discover- 
ed. Rheita affirms that he counted 200 stars with- 
in this cluster, and yet telescopes, at the period 
when he lived, had not arrived at the point of per- 
fection they have now attained. The principal 
star in the Pleiades is Alcione, of the third magni- 
tude, which is here represented near the center 
of the cluster.. The names of the others visible 
to the naked eye are Merope, Maia, Electra, 
Tayeta, Sterope, and Celine. Merope is the one 
which some suppose to have been lost. In fabu- 
lous history, these stars were the seven daughters 
of Atlas and the nymph Pleione, who were turned 
into stars with their sisters the Hyades, on account 
of their mutual affection and amiable virtues. 
The other five stars, beside Alcione, are of the 
fifth magnitude, as represented in the plate; and 
the rest are telescopic stars of the sixth, seventh, 
eighth, and ninth magnitudes. The lines from 
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rigtio left are portions of circles of declination, 


whieh run parallel with the equinoctial, as the 
rallels of latitude on the terrestrial globe do 
ith respect to the equator; and on these the de- 


| clination, or distance of the body from the equi- 


noctial, is marked. The other lines, from top to 
bottom, are portions of circles of right ascension 
corresponding with meridians on the terrestrial 
globe. On these are marked the right ascensions 
of the heavenly bodies or their distance, reckoned 
on the equinoctial from the first point of Aries. 
One of. these lines, at the top and bottom, is 
marked 54°, showing that the stars in that line 
are 54° east from the first point of Aries; and the 
number 23, marked at the right and left hand 
sides, shows that the star or stars in that line are 
23° north of the equinoctial. 

Fig. 86 represents the tail of the splendid comet 
of 1744, which was divided into six branches, as 
described p. 127. See also the description given 
of this comet, pp. 122, 123. 
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PREFACE, 


Tue following work was announced several years ago in the preface to the volume 
on “The Sidereal- Heavens,” since which time numerous inquiries have been made 
after it by correspondents in England, the West Indies, and America. It was nearly 
ready for publication three years ago, but circumstances over which the author had 
no control prevented its appearance at that period. This delay, however, has enabled 
him to introduce descriptions of certain instruments and inventions which were partly 
unknown at the time to which he refers. 


The term “ Practical Astronomer” has been fixed upon as the shortest that could 
be selected, although the volume does not comprise a variety of topics and discussions 
generally comprehended in this department of astronomy. The work is intended for 
the information of general readers, especially for those who have acquired a relish for © 
astronomical pursuits, and who wish to become acquainted with the instruments by 
which celestial observations are made, and to apply their mechanical skill to the 
construction of some of those which they may wish to possess. With this view, the 
author has entered into a variety of minute details, in reference to the construction 
aad practical application of all kinds of telescopes, &c.; which are not to be found in 


general treatises on Optics and Astronomy. 


As Light is the foundation of astronomical science, and of all the instruments used 
for celestial observation, a brief description is given of the general properties of 
light—of the laws by which it is refracted and reflected when passing through different 
mediums, and of the effects it produces in the system of nature—in order to prepare 
the way for a clear understanding of the principles on which optical instruments are 
constructed, and the effects they produce. é 

As this, as well as every other physical subject, forms a part of the arrangements 
of the Creator throughout the material system, the author has occasionally taken an 
opportunity of directing the attention of the reader to the Wisdom and Beneficence 
of the Great First Cause, and of introducing those moral reflections which naturally 
flow from the subject. 

The present is the ninth volume which the author has presented to the public, and 
he indulges the hope that it will meet with the same favorable reception which his 
former publications have uniformly experienced. It was originally intended to con- 
clude the volume with a few remarks on the wéility of astronomical studies, and their 
moral and religious tendency, but this has .been prevented, for the present, in conse- 
quence of the work having swelled to a greater size than was anticipated. Should he 
again appear before the public as an author, the subject of discussion and illustration 
will have a more direct bearing than the present on the great objects of religion and 
a future world. 


Broventy Furry, NEAR DuNDEE. 
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PART I, 


INTRODUCTION. 


Licut is that invisible ethereal matter which 
renders objects perceptible by the visual organs. 
It appears to be distributed throughout the im- 
mensity of the universe, and is essentially requi- 
Site to the enjoyment of every rank of perceptive 
existence. It is by the agency of this mysterious 


substance that we become acquainted with the| 


beauties and sublimities of the universe, and the 


wonderful operations of the Almighty Creator.’ 


Without its universal influence, an impenetrable 
vail would be thrown over the distant scenes of 


creation; the sun, the moon, the planets, and the’ 


starry orbs would be shrouded in the deepest dark- 
ness, and the variegated surface of the globe on 
which we dwell would be almost. unnoticed and 
unknown. Creation would disappear, a mysterious 
gloom would surround the mind of every intelli- 
gence, all around would appear a dismal waste 
and an undistinguished’ chaos. 
quarter we might turn, no form nor comeliness 
would be seen, and searcely a trace of the perfec- 
tions and agency of an All-wise and Almighty 
Being could be perceived throughout the univer- 
sal gloom. In short, without the influence of 
light, no world could be inhabited, no animated 
being could subsist in the manner it now does, no 
knowledge could be acquired of the works of 
God, and happiness, even in the lowest degree, 


could scarcely be enjoyed by any organized intel- | 


ligence. 

We have never yet known what it is to live in 
a world deprived of this delightful visitant; for in 
the darkest night we enjoy a share of its beneficial 
agency, and even in the deepest dungeon its influ- 
ence is not altogether unfelt.* The blind, indeed, 


do not directly enjoy the advantages of light, but’ 


its influence is reflected upon them, and their 
knowledge is promoted through the medium of 





* Those unfortunate individuals who have been confined 
in the darkest dungeons have declared, that though, on 
their first entrance, no object could be perceived, perhaps 
for a day or two, yet, in the course of time, as the pupils of 
their eyes expanded, they could readily perceive mice, rats, 
and other animals that infested their cells, and likewise the 
‘walls of their apartments; which shows that, even in such 
situations, light is present, and produces a, certain degree of 
influence, 
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ON LIGHT. 


those who enjoy the use of their visual organs. 
Were all the inhabitants of the world deprived of 
their eyesight, neither knowledge nor happiness, 
such as we now possess, could possibly be enjoyed. 

There is nothing which so strikingly displays 
the beneficial and enlivening effects of light as 
the dawn.of a mild morning after a night of 
darkness and tempest. All appears gloom and) 
desolation in our terrestrial abode until a faint 
light begins to whiten the eastern horizon. Every | 
succeeding moment brings along with it some- 
thing néw and enlivening. ‘The crescent of light 
toward the east now expands its dimensions, and 
rises upward toward the cope of heaven; and 
objects, which a little before were immersed in 
the deepest gloom, begin to be clearly distin- 
guished. At length the sun arises, and all nature 
is animated by his appearance; the magnificent 
scene of creation, which a little before was in- 
volved in obscurity, opens gradually to view, and 
every object around excites sentiments of wonder, 
delight, and adoration. The radiance which ema- 
nates from this luminary displays before us a 
world strewed with blessings, and embellished 
with the most beautiful attire. It unvails the 
lofty mountains and the forests with which they 
are crowned; the fruitful fields, with the crops 
that cover them; the meadows, with the rivers 
which water and refresh them; the plains, adorned 
with verdure; the placid Jake, and the expansive 
ocean. It removes the curtain of darkness from 
the abodes of men, and shows us the cities, towns, 
and villages, the lofty domes, the glittering spires, 
and the palaces and temples with which the land- 
scape is adorned. The flowers expand their buds 
and put forth their colors, the birds awake to 
melody, man goes forth to his labor, the sounds 
of human voices are heard, and all appears life 
and activity, as if a new world had emerged from 
the darkness of chaos. 

The whole of this splendid scene, which light 
produces, may be considered asa new crea- 
tion, no less grand and beneficent than the first 
creation, when the command was issued, “ Let 
there be light, and light was.’? The aurora and 
the rising sun cause the earth,.and all the objects 
which adorn its surface, to: arise a - ai pro- 
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found darkness and apparent desolation which 


deprived us of the view of them as if they had. 


been no more. It may be affirmed, in full accor- 
dance with truth, that the efflux of light in the 
dawn of the morning, after a dark and cloudy 
night, is even more magnificent and exhilarating 
than at the first moment of its creation. At that 
moment there were no spectators on earth to 
admire its glorious effects; and no objects, such 
as we now behold, to be embellished with its 
radiance. The earth was a shapeless chaos, where 
no beauty or order could be perceived; the moun- 
tains had not reared their heads; the seas were 
not collected into their channels; no rivers rolled 
through the valleys; no verdure adorned the 
plains; the atmosphere was not raised on high to 
._ reflect the radiance, and no animated’ beings ex- 
isted to diversify and enliven the scene. But 
now, when the dawning of the morning scatters 
the darkness of the night, it opens to view a scene 
of beauty and magnificence. The heavens are 
adorned with azure, the clouds are tinged with 
the most lively colors, the mountains and plains 
are clothed with verdure, and the whole of this 
lower creation stands forth arrayed with diversified 
scenes of beneficence and grandeur, while the 
contemplative eye looks round and wonders. 
Such, then, are the important and beneficent 
effects of that light which every moment diffuses 
its blessings around us. It may justly be con- 
sidered.as one of the most essential substances 
connected with the system of the material uni- 
verse, and which gives efficiency to all the other 
principles and arrangements of nature. Hence 
we are informed, in the sacred history, that light 
was the first production of the Almighty Creator, 
and the first-born of created beings; for without 
it the universe would have presented nothing but 
an immense blank to all sentient existences. 
Hence, likewise, the Divine Being is metaphori- 
cally represented under the idea of light, as being 
the source of knowledge and felicity to all subor- 
dinate intelligences: ‘‘ God is light, and in Him is 
no darkness at all;’’ and he is exhibited as “ dwel- 
ling in light unapproachable and full of glory, 
whom no man hath seen or can see.’* In allusion 
to these circumstances, Milton, in his Paradise Lost, 
introduces the following beautiful apostrophe: 


* Hail holy light! offspring of heaven first born, 
Or of the eternal, coeternal beam! 
May I express thee unblamed? since God is light 
And never but in unapproached light 
Dwelt from eternity; dwelt then in thee, 
Bright effluence of bright essence increate. 

_———— Before the sun, 

Before the heavens thou wert, and at the voice 
Of God, as with a mantle, didst invest 

' The'fising world of waters dark and deep, 
Won from the void and formless infinite.” 





As light is an element of so much importance 
al utility in the system of nature, so we find 
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that arrangements have been 
sal diffusion throughout all 
universe. The sun is one of the principal sources 
of light to this earth on which we dwell, and to 


‘all the other planetary bodies; and, in order that 


it may be equally distributed over every portion 
of the surfaces of these globes, to suit the exigen- 
cies of their inhabitants, they are endowed with 
amotion of rotation, by which every part of their 
surfaces is alternately turned toward the’source of 
light; and when one hemisphere is deprived of 
the direct influence of the-solar rays, its’ inhabi- 
tants derive a portion of light from luminaries in 
more distant regions, and have their views directed 
to other suns and systems, dispersed, in countless 
numbers, throughout the rem spaces of the 
universe. Around several of the planets, satellites 
or moons have been arranged for the purpose of 
throwing light on their surfaces in the absence of 
the sun, while, at the same time, the primary 
planets themselves reflect an effulgence of light 
upon their satellites. All the stars which our 
unassisted vision can discern in the midnight sky, 
and the millions more which the telescope alone 
enables us to cesey, must be considered as so 
many fountains of light, not merely to illuminate 
the-voids of immensity, but to irradiate with their 
beams surrounding worlds with which they are 
more immediately connected, and to diffuse a 
general luster throughout the amplitudes of infi- 
nite space; and, therefore, we have every reason 
to believe that, could we fly, for thousands of 


years, with the swiftness of a seraph, through the 


spaces of immensity, we should never approach 
a region of absolute darkness, but should find 
ourselves every moment encompassed with the 
emanations of light, and cheered with its benign 
influences. That Almighty Being who inhabiteth 
immensity and “dwells in light inaccessible,” 
evidently appears to have diffused light over the 
remotest spaces of his creation, and to have thrown 
a radiance upon all the provinces of his wide and 
eternal empire, so that every intellectual being, 
wherever existing, may feel its beneficent effects, 
and be enabled, through its agency, to trace his 
wonderful operations, and the glorious attributes 
with which he is invested. 

As the science of astronomy depends solely on 
the influence of light upon the organ of vision, 
which is the most noble and extensive of all our 
senses; and as the construction of telescopes 
and other astronomical instruments is founded - 
upon our knowledge of the nature of light and 
the laws by which operates, it is essentially requi- 
site, before proceeding toa description of such 
instruments, to take a cursory view of its nature 
and properties, in so-far as they have been ascer- 
tained, and the effects it produces when obstruc- 
ted by certain bodies, or when passing through 
different mediums 
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CHAPTER I. 


-. GENERAL PROPERTIES OF LIGHT. By, 


Tr is not my intention to discuss the subject of 
light in minute detail, a subject which is of con- 
siderable extent, and which would require a sepa- 
rate treatise to illustrate it in all its aspects and 
bearings. All that I propose is to offer a few il- 
lustrations of its general properties, and the laws 
by which it is refracted and reflected, so as to 
prepare the way for explaining the nature and 
construction of telescopes and other optical in- 
struments. 

There is no branch of natural science more de- 
serving of our study and investigation than that 
which relates to light, whether we consider its 
beautiful and extensive effects, the magnificence 
and grandeur of the objects it unfolds to view, 
the numerous and diversified phenomena it exhib- 
its, the optical instruments’ which a knowledge 
of its properties has enabled .us to construct, or 
the daily advantages we derive, as social beings, 
from its universal diffusion. If air, which serves 
as the medium of sound and the vehicle of speech, 
enables us to carry on an interchange of thought 
and affection with our fellow-men, how much 
more extensively is that intercourse increased by 
light, which presents the images of our friends 
and other objects as it were immediately before 
us, in all their interesting forms and aspects—the 
speaking eye, the rosy cheeks, the benevolent 
smile, and the intellectual forehead. The eye, 
more susceptible of multifarious impressions than 
the other senses, “ takes in at once the landscape 
of the world,’ and enables.us to distinguish, in a 
moment, the shapes and forms of all its objects, 
their relative positions, the colors that adorn them, 
their diversified aspect, and the motions by which 
they are transported from one portion of space to 
another. Light, through the medium of the eye, 
not only unfolds to us the presence of others, in 
all their minute modifications and peculiarities, 
but exhibits us to ourselves. It presents to our 
own visionva faithful portrait of peculiar features 
behind reflecting substances, without which pro- 
perty we should remain entirely ignorant of those 
traits of countenance which characterize us in the 
eyes of others. 

But what is the nature of this substance we 
eall light, which thus unfolds to us the scenes of 
creation? On-this subject two leading opinions 
have prevailed in the philosophical world. One 
of these opinions is, that the whole sphere of the 
universe is filled with a subtile matter, which re- 
ceives from luminous bodies an agitation which is 
incessantly continued, and which, by its vibratory 
motions, enables us to perceive luminous bodies. 
According to this opinion, light may be considered 
as analogous to sound, which is conveyed to the ear 
by the vibratory motions of the air. This was the 
hypothesis of Descartes, which was adopted, with 
some modifications, by the celebrated Euler, Huy- 
pon Franklin, and other philosophers, and has 

een admitted by several scientific gentlemen of 
the present day. ‘The other opinion is, that light 
consists of the emission or emanation of the par- 
ticles of luminous bodies, thrown out incessantly 





on all sides, in consequence of the,continued agi- 
tation it experiences. This is the hypothesis of 
the illustrious Newton, and has been most gener- 
ally adopted by British philosophers. ’ 

To the first hypothesis it is objected that, if 
true, “light would not only spread itself in a di- 
rect line, but its motion would be transmitted in 
every direction like that, of sound, and would con- 
vey the impression of luminous bodies in the re- 
gions of space beyond the obstacles that intervene 
to stop its progress.’ No wall or other opaque 
body could obstruct its course, if it undulated in 
every direction like sound; and it would be a 
necéssary consequence, that we should have no 
night, nor any such phenomena as eclipses of the 
sun or moon, or the satellites of Jupiter and 
Saturn.. This objection has never been very 
satisfactorily answered. On the other hand, Eu- 
ler brings-forward the following objections against 
the Newtonian doctrine of emanation. 1. That, 
were the sun emitting continually, and in all di- 
rections, such floods of luminous matter, with a 
velocity so prodigious, he must speedily be ex- 


| hausted, or at least some alteration must, after the 


lapse of so many ages, be perceptible. 2. That 
the sun is not the only body that emits rays, but 
that all the stars have ‘the same quality; and as 
everywhiere the rays of the sun must be crossing 
the rays of the stars, their collision must be vio- 
lent in the extreme, and that, their direction must 
be changed by such a collision.* 

To the first of these objections it is answered, 
that so vast is the tenuity of light, that it utterly 
exceeds the power of conception; the ‘most deli- 
cate instrument having never been certainly put 
in motion by the impulse of the accumulated 
sunbeams. It has been calculated that in the 
space of 385,130,000 Egyptian years (of 360 
days), the sun would lose only the 1-1,217,420th 
of his bulk from the continual efflux of his light. 
And, therefore, if in 385 millions of years the 
sun’s diminution would be so extremely small, it 
would be altogether insensible during the com- 
paratively short period of five or si# thousand 
years. To the second objection it is replied, that 
the particles of light are so extremely rare that 
their distance from one to another is incompara- 
bly greater than their diameters; that all objec- 
tions of this kind vanish when we attend to the 
continuation of the impression upon the retina, 
and to the small number of luminous particles 
which are on that account necessary for producing 
constant vision. For it appears, from the accu- 
rate experiments of M. D’Arcy, that the impres- 
sion of light upon the retina continues éight-thirds, 
and as a particle of light would move through 
26,000. miles in that time, constant vision would be 
maintained by a succession of luminous particles 
twenty-six thousand miles distant from each other. 

Without attempting to decide on the merits of 
these two hypotheses, I shall leave the reader to 
adopt that opinion which he may judge to be at- 
tended with the fewest difficulties, and proceed to 

* Letters to a German Princess, vol. i., p. 68, &c. 
(12\ 
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illustrate some of the properties of light; and in 
the discussion of this subject I shall generally ad- 
here to the terms employed by those who have 


adopted the hypothesis of the emanation of light. 
1. Light emanates or radiates from lumineus 


bodies in a straight line. This property is proved 


by the impossibility of seeing light through bent 
tubes, or small holes pierced in metallic plates 
placed one behind another, except the holes be 
placed in a straight line. 
at the sun or a candle through the bore of a 
bended pipe, we cannot perceive the object, nor 
any light\proceeding from it, but ‘through’ a 
straight pipe the object may be perceived. This 
is likewise evident from the form of the rays of 
light that penetrate ’a dark room, which proceed 
straight forward in lines proceeding from the lu- 
minous body; and from the form. of the shadows 
which bodies project that are bounded by right 
lines passing from the luminous body, and meet- 
ing the lines which terminate the interposing 
body. This property may be demonstrated to the 
eye by causing light to pass through small holes 
into a- dark room filled with smoke or dust. It is 
to be understood, however, that in this case the 
rays of light are considered as passing through the 
same medium; for when they pass from air into 
water, glass, or other media, they are bent at the 
point where they enter a different medium, as we 
shall afterward have occasion, to explain. ; 

2. Light moves with amazing velocity. The an- 
cients believed\that it was propagated from the 
sun and other luminous bodies instantaneously; 
but the observations of modern astronomers. have 
demonstrated that this is an erroneous hypothesis, 
and that light, like other projectiles, occupies a 
certain time in passing from one part of space to 
another. Its velocity, however, is prodigious, and 
exceeds that of any other body with which we 
are acquainted. It flies across the earth’s orbit, a 
space of 190 millions of miles in extent, in the 
course of sixteen and a half minutes, which is at 
the rate of 192,000 miles every second, and more 
than a million of times swifter than a cannon ball 
flying with its greatest velocity. It appears from 
the disco¥eries of Dr. Bradley, respecting the ab- 
“erration of the stars, that light flies from these 
bodies with a velocity similar, if not exactly the 
same; so that the light of the sun, the planets, 
the stars, and every luminous body in the universe 
is propagated with uniform velocity.* But, if the 
velocity of light be so very great, it may be 
asked; how does it not strike against all objects 
with a force equal to its velocity? If the finest 
sand were thrown against our bodies with the 
‘hundredth part of this velocity, each grain would 
\pierce us as.certainly as the sharpest and swiftest 
arrows from a bow. It is a principle in mechan- 
iics that the force with which all bodies strike is in 
proportion to the size of these bodies, or the 
quantity of matter they contain, multiplied by 
the velocity with which they move. Therefore, 
if the particles of light were not almost infinitely 
small, they would, of necessity, prove destructive 
in the highest degree. If a particle of light were 
equal in size to the twelve hundred thousandth 
part of a small grain of sand—supposing light to 
be material—we should be no more able to with+ 
stand its force than we should that of sand shot 
point blank from the mouth of acannon. Every 
object would be battered and perforated by such 





* The manner in which the motion of light was discov- 
ered is explained in the author’s work, entitled, “ Celestial 
Scenery;” and the circumstances which led to the discovery 
of the aberration of light are stated and illustrated in his 
volume on the “ Sidereal Heavens,” 
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celestial artillery, until our world were laid in ru- 
‘ins, and every living being destroyed. And herein 
are the wisdom and benevolence of the Creator 
displayed in making the particles of light so ex- 
tremely small as to render them in some degree 
proportionate to ‘the, greatness of the force with 
which they are impelled; otherwise, all nature 
would have been thrown into ruin and confusion, 
and the great globes of the universe shattered to 
atoms. 

We have many proofs, beside the above, that 
the particles of light are next to infinitely small. 
We find'that they penetrate with facility the hard- 
est substances, such as crystal, glass, various kinds 
of precious stones, and even the diamond itself, 
though among the hardest of stones; for such 
bodies could not be transparent, unless light found 
an easy passage through their pores. When a 
candle is lighted in an elevated situation, in the 
space of a second or two it will fill a cubical 
space (if there be no interruption) of two miles 
around it, in every direction, with luminous par- 
ticles, before the least sensible part of its substance 
is lost by the candle: that is, it will in a short in- 
stant fill a sphere four miles in diameter, twelve 
and a half miles in circumference, and containing 
thirty-three and a half cubical miles, with parti- 
cles of light; for an eye placed in any part of this 
cubical space would perceive the light emitted by 
the candle. It has been calculated that the num- 
ber. of particles of light contained in sucha space 
cannot be less than four hundred septillions —a 
number which is six billions of times greater than 
the number of grains of sand which could be 
contained in the whole earth considered as a solid 
globe, and supposing each cubic inch of it to con- 
tain ten hundred thousand grains. Such is the 
inconceivable tenuity of that substance which 
emanates from all luminous bodies, and which 
gives beauty and splendor to the universe ! 


| This may also be evinced by the following exper- 


iment: Make a small pin-hole in'a piece of black 
paper, and hold the paper upright facing a row 
of candles placed near each other, and at a little 
distance behind the black paper place a pieco of 
“white pasteboard. On this pasteboard the rays 
which flow from all the candles through the small 
hole in the black paper, will form as many specks 
of light as there are candles, each speck being as 
clear and distinct as if there were only one speck 
from a single candle. This experiment shows 
that the.streams of light from the different can- 
dles pass through the small hole without confu- 
sion, and, consequently, that the particles of light 
are exceedingly small. For the same reason we 
can easily see through a small hole not more than 
1-100th of an inch in diameter, the sky, the trees, 
houses, and nearly all the objects in an extensive 
landscape, occupying nearly an entire hemisphere, 
the light of all which may pass through this small] 
aperture. 

3. Light is sent forth in all directions from every 
visible point of luminous bodies. If we hold a 
sheet of paper before a candle, or the sun, or any 
other source of light, we shall find that the paper 
is illuminated in whatever position we hold it, pro. 
vided the light is not obstructed by its edge or by 
any other body. Hence, wherever a spectator ig 
placed with regard to a luminous body, every 
point of that part of its surface which is toward 
him will be visible, when no intervening object 
intercepts the passage of the light. Hence, like- 





wise, it follows that the sun illuminates not only 
an immense plane extending along the paths of 
the planets, from the one side of the orbit of Ura- 
hus to the other, but the whole of that sphere, 


? 


ab Ai 
or solid space, of which the distance of Uranus 
is the radius. The diameter of this sphere is 
three thousand six hundred millions of miles, and 
it consequently contains about 24,000,000,000,- 
000,000,000,000,000,000, or twenty-four thousand 
quartillions of cubical miles, every point of which 
immense space is filled with the solar beams. Not 
only so, but the whole cubical space which inter- 
venes between the sun and the nearest fixed stars 
is more or less illuminated by his rays. For, at 
the distance of Sirius, or any other of the nearest 
stars, the sun would be visible, though only asa 
small, twinkling orb; and, consequently, his rays 
must be diffused, however faint, throughout the 
most distant spaces whence he is visible. The 
diameter of this immense sphere of light cannot 
be less than forty billions of miles, and its solid 


contents 33,500,000,000,000,000,000,000,000,000,-: 
000,000,000,000, or thirty-three thousand five 


_ hundred seztillions of cubical miles. All this im- 
-mense and incomprehensible, space is filled with 
the radiations of the solar orb; for were an eye 
placed in anyone point of it, where no extraneous 
body interposed, the sun would be visible either as 
a large luminous orb, or as a small twinkling star. 
But he can be visible only by the rays he emits, 
and which enter the organs of vision. How in- 
conceivably immense, then, must be the quantity 
of rays which are thrown off in all directions 
from that luminary which is the source of our 
day! Every star must likewise be considered as 
emitting innumerable streams of radiance over a 
space equally extensive; so that.no point in the 
universe can be conceived where absolute dark- 
ness prevails, unless in the interior regions of 
planetary bodies. . 
4. The effect of light upon the eye is not instanta- 
neous, but continues for a short space of time. This 
may be proved and illustrated by the following 
examples: if a stick, or a ‘ball connected with a 
string, be whirled round in a circle, and a certain 
degree of velocity given it, the object will appear 
to fill the whole circle it describes. If a lighted 
firebrand be whirled round in the same rapid man- 
ner, a complete circle of light will be exhibited. 
This experiment obviously shows that the impres- 
sion made on the eye-by the light from the ball 
or the firebrand, when in any given point of the 
circle, is sufficiently lasting to remain until it has 
. described the whole circle, and again renews its 
effect as often as the circular motion is continued. 
The same is proved by the following considera- 
tions: we are continually shutting our eyes, or 
winking; and, during the time our eyes are shut 
on such occasions, we should lose the view of 
surrounding objects if the impression of light did 
not continue a certain time while the eyelid cov- 
ers thé pupil; but experience proves that during 
such vibrations of the eyelids the light from sur- 
rounding objects is not sensibly intercepted. If 
we look for some time steadily at the light of a 
candle, and particularly if we look directly at the 
sun, without any interposing medium, or if we 
look for any considerable time at this luminary 
through a telescope with a colored glass interposed 
—in all these cases, if we shut our eyes immedi- 
ately after viewing such objects, we shall still per- 
ceive a faint image of the object by the impres- 
sion which its light has made upon our eyes. 

‘“‘ With respect to the duration of the impres- 
sion of light, it has been observed that the teeth 
of a cogwheel in a clock were still visible in suc- 
cession, when the velocity of rotation brought 
946 teeth through a given fixed point in a second. 
In this case it is clear that if the impression made 
on the eye by the light reflected from any tooth 
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had lasted without sensible diminution for the 
246th part of a second, the teeth would have 
formed one unbroken line, because a new tooth 
would have continually arrived in the place of the 
anterior one before its image could have disap- 
peared. If a live coal be whirled round, it is ob- 
served that the luminous circle is complete when 
the rotation is performed in the 81-60th part of 
asecond. In this instance we see that the im- 
pression was much more durable than the former. 
Lastly; if an‘observer sitting in a room, direct his 
sight, through a window, to any particular object 


out of doors, fot about half.a minute, and then 


shut his eyes and cover them with his hands, he 
will still continue to see the window, together | 
with the outline of the terrestrial objects border- 
ing on the sky. This appearance will remain for 
near a minute, though occasionally vanishing and 
changing color in a manner that brevity forbids 
our minutely describing. From these facts we 
are authorized to.conclude that all impressions of 
light on the eye last a considerable time; that the 
brightest objects make the most lasting impres- 
sions; and that, if the object be very bright, or 
the eye weak, the impression may remain for a 
time so strong as to mix with and confuse the 
subsequent: impressions made by other objects. 
In the last case the eye is said to be dazzled by 
the light.”’* au 
The following experiment has. likewise been 
suggested as a proof of the impression which 
light makes upon the eye: If a card, on both sides 


-of. which a figure is drawn, for example, a bird 


and a cage, be made to revolve rapidly on the 
straight line which divides it symmetrically, the 
eye will perceive both figures at the same time, 
provided they return successively at the same 
place. M. D’Arcy found by various experiments 
that, in general, the impression which light pro- 
duces on the eye lasts about the eighth of a second. 
M. Plateau, of Brussels, found that the impression 
of different colors lasted the following periods, 
the numbers here stated being the decimal parts 
of a second: flame, 0.242, or nearly one-fourth 
of a second; burning coal, 0.229; white, 0.182, 
or a Jittle more than one-sixth of a second; blue, 
0.186; yellow, 0.173; red, 0.184. 

5. Light, though extremely minute, is supposed 
to have a certain degree of force or momentum. In 
order to prove this, the late ingenious Mr, Mitchell 
contrived the following experiment: He construc- 
ted a small vane in’the form of acommon weath- 
ercock, of a very thin plate of copper, about an 
inch square, and attached to one of the finest 
harpsichord wires about ten inches long, and nicely 
balanced at the other end of the wire by a grain 
of very small shot. The instrument had also 
fixed to it, in the middle, at right angles to the 
length of the wire, and in a horizontal direction, 
a small bit of avery slender sewing needle, about 
half an inch long, which was made magnetical. 
In this state the whole instrument might weigh 
about ten grains. ‘The yane was supported in 
the manner of the needle in the mariner’s com- 
pass, so that it could turn with the greatest ease; 
and to prevent its being affected by ,the vibra- 
tions of the air, it was inclosed in a glass case or 
box. The rays of the sun were then thrown upon 
the broad part of the vane, or copper plate, from 
a concave mirror of about two feet diameter, 
which, passing through the front glass of the box, 
were collected into the focus of the mirror upon 
the copper plate. In consequence of this, the 
plate began to move with a slow motion of about 





* Nicholson’s Introduction to Natural Philosophy, vol. i. 
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an inch in a second of time, until it had moved 
through a space of about two inches and a half, 
when it struck against the back of the box. The 
mirror being removed, the instrument returned to 
its former situation, and the rays of the sun being 
again thrown upon it, it again began to move, and 
struck against the back of the box as before. This 
was repent or four times with the, same 
success. 


On the above experiment the following calcula- |" 


tion has been founded: if we impute the motion 
produced in this experiment, to the impulse of the 
rays of light, and suppose that the instrument 
weighed ten grains, and acquired a velocity of one 
inch in a second, we shall find that the quantity 
‘ matter contained in the rays falling upon the 
> eee in that time amounted to no more 

im one twelve hundredth-millionth part of a 
e. the velocity of light exceeding the velocity 
of one inch ina second in the proportion of about 
12,000,000,000 to 1. The light, in this experiment, 
was collected from a surface of about three square 
feet, which, reflecting only about half what falls 
upon it, the quantity of matter contained in the 
rays of the sun incident upon a foot and a half of 
surface in onesecond of time, ought tobe no more 
than the twelve hundredth-millionth part of a 
grain. But the density of the rays of light at the 
surface of the sun is greater than that at the 
earth in the proportion of 45,000 to 1; there 
ought, therefore, to issue from one square foot of 
the sun’s surface in one second of time, in order 
to supply the waste of light,;~,1>,th part of a 
grain of matter, that is, a little more than two 
grains a day, or about 4,752,000 grains, or 670 
pounds avoirdupois, nearly, in 6,000. years; a 
quantity which would have, shortened the sun’s 
diameter no more than about ten feet, if it were 
formed of the density of water only. 

If the above experiment be considered as having 
been accurately performed, and if the calculations 
founded upon it be correct, it appears that there 
can be no grounds for apprehension that the sun 
can ever be sensibly diminished by the immense 
and incessant radiations proceeding from his body 
on the supposition that light is a material emana- 
tion. For the diameter of the sun is no less than 


880,000 miles; and, before this diameter could be |’ 


shortened, by the emission of light, one English 
mile, it would require three millions one hundred 
and sixty-eight thousand years, at the rate now 
stated; and, before it could be shortened ten miles, 
it would require a period of above thirty-one mil- 
lions of years. And although the sun were thus 
actually diminished, it would produce no sensible 
effect or derangement throughout the planetary 
system. We have no reason to belicve that the 
system, in its present state and arrangements, was 
intended to endure forever; and before that lumi- 
nary could be so far reduced, during the revolu- 
tions of eternity, as to produce any irregularities 
in the system, new arrangements and modifica- 
tions might be introduced by the hand of the All- 
wise and Omnipotent Creator. Beside, it is not 
improbable that a system of means is established 
by which the sun and all the luminaries in. the 
universe receive back again a portion of the 
light which they are continually emitting, either 
from the planets from whose surfaces it is reflect- 
ed, or from the millions ‘of stars whose rays are 
continually traversing the immense spaces of cre- 
ation, or from some other sources to us unknown. 

6. The intensity of light is diminished in propor- 
tion to the square of the distance from the luminous 
body. ‘Thus, a person at two feet distance from ‘a 
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would have at one foot; at three feet distance, the 
ninth part; at four feet, the sixteenth part; at five 
feet, the twenty-fifth part; and so on for other 
distances. ' Hence the light received by the planets 
of the solar system decreases in proportion to the 
squares of the distances of these bodies from the 
sun. This may be illustrated by the following 
figure : ° 


a 


Fig. 1. 





Suppose the light which flows from a point A, 
and passes through a square hole, B, is received 
upon a plane, O, parallel to the plane of the hole— 
or let the figure C be considered as the shadow of 
the’plane B. When the distance of C is double 
of B, the length and breadth of the shadow, C, 
will be each double of the length and breadth of 
the plane B, and treble when A D is treble of A 
B, and so on, which may be easily examined by 
the light of a candle placed at A. ‘Therefore the 
surface of the:shadow C, at the distance A C— 
double of A B, is divisible into four squares, and, 
at a treble distance, into nine squares, severally 
equal to the square B, as represented in the 
figure. Thelight, then, which falls upon the 
plane B being suffered to pass to double that dis- 
tance, will be uniformly spread over four times 
the space, and, consequently, will be four times 
thinner in every part of that space. And, at a 
treble distance, it will be nine times thinner, and, 
at a quadruple distance, sixteen times thinner than 
it was at first. Consequently, the quantities of 
this rarefied light received upon a surface of any 
given size and shape, when removed successively 
to their several distances, will be but one-fourth, 
one-ninth, one-sixteenth of the whole quantity 
received by it at the first distance, A B. 

In conformity with this law, the relative quan- 
tities of light on the surfaces. of the planets may 
be easily determined when their distances from 
the sun are known. Thus, the distance of Uranus 
from ,the sun ‘is 1,800,000,000 miles, which is 
about nineteen times greater than the distance of 
the earth from the-same luminary. The square 
of 19 is 361; consequently, the earth enjoys 361 
times the intensity of light, when compared with 
that of Uranus; in-other words, this distant planet 
enjoys only the =4,-part of the quantity of light 
which falls upon the earth. This quantity, how- 
ever, is equivalent to the light we should enjoy 
from the combined effulgence of 348 full: moons; 
and if the pupils of the eyes of the inhabitants 
of this planet be much larger than ours, and the 
retina of the eye be indued with a much greater 
degree of nervous sensibility, they may perceive 
objects with as great a degree of splendor as we 
perceive on the objects which surround us in this 
world. Following: out the same principle, we 
find that the quantity of light enjoyed by the 
planet Mercury is nearly seven times greater than 
that of the Earth, and that of Venus nearly 
double of what we enjoy; that Marsvhas less than 
the one-half; Jupiter the one-¢wenty-seventh part; 
and Saturn only the one-ninetieth part of the light 
which falls upon the Earth. That the light of 


candle, has only the fourth part of the light he! these distant planets, however, is not so weak as 
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we might first imagine, appears from the brillian- 
ey they exhibit, when viewed in our nocturnal 
sky, either with the telescope or with the unas- 
sisted eye; and likewise from the circumstance 
that a very small portion of the Sun—such as the 
one-fortieth or one-fiftieth part—diffuses a quan- 
tity of light sufficient for most of the purposes of 
life, as is found in the case of total eclipses of the 
Sun, when his western limb. begins'to be visible, 
only like a fine luminous thread, for his light is 
then sufficient to render distinctly: visible all the 
parts of the surrounding landscape. 

7. It is by light reflected from opaque bodies that 
most of the objects around us are rendered visible — 
When a lighted candle is brought into a dark 
room, not only the candle, but-all-other bodies in 
the room become visible. Rays of the sun, pass- 
ing into a dark room, render luminous a sheet of 
paper on which they fall, and this sheet, in its 
turn, enlightens, to a certain extent, the whole 
apartment, and renders objects in it visible so long 
as it receives the rays of the sun. In like manner, 
the moon and the planets are opaque bodies, but 
the light of the sun falling upon them, and being 
reflected from their surfaces, renders them visible. 
Were no light to fall on them from the sun, or 
were they not indued with a power of reflecting 
it, they would be altogether invisible to our sight. 
When the moon comes between us and the sun, 
as in a total eclipse of. that luminary, as no solar 
light is reflected from the surface. next the earth, 
she is invisible, only the curve or outline of her 
figure being distinguished by her shadow. In 
this case, however, there is a certain. portion of 
reflected ton the lunar hemisphere next the 
earth, though not distinguishable during a solar 
eclipse. The earth is enlightened by the sun, and 
a portion of the rays which fall upon it is reflected 
upon the dark hemisphere of the moon which is 
then toward the earth. This reflected light from 
the earth is distinctly perceptible, when the moon 
appears as a slender crescent, two or three days 
after new moon—when the earth reflects its light 
back on the moon, in the same manner as the full 
moon reflects her light on the earth. Hence, even 
at this period of the moon, her whole face be- 
comes visible to us, but its light is not uniform or 
of equal intensity. The thin crescent on which 
the full blaze of the solar light falls, is very bril- 
liant and distinctly seen, while the other part, on 
which falls only a comparatively feeble light from 
the earth, appears very faint, and is little more 
than visible to the naked eye, but with a telescope 
of moderate power—if the atmosphere be very 
clear—it appears beautifully distinct, so that the 
relative positions of many of the lunar spots may 
be distinguished. 

The intensity of reflected light is very small, 
when compared with that which proceeds directly 
from luminous bodies. M. Bouguer, a French 
philosopher, who made a variety of experiments 
to ascertain the proportion of light emitted by the 
heavenly bodies, concluded from. these. experi- 
ments, that the light transmitted from the sun to 
the earth is at least 300,000 times as great as that 
which descends to us from the full moon, and 
that, of 300,000 rays which the moon receives, 
from 170,000 to 200,000 are absorbed. Hence we 
find that, however brilliant the moon may appear 
at night, in the day-time she appearsas obscure as 
a small portion of dusky cloud to which she hap- 
pens to be adjacent, and reflects no more light 
than a portion of whitish cloud of the same size. 
And as the full moon fills only the ninety-thou- 
sandth part of the sky, it would require at least 
ninety thousand moons to produce as much 
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ee as we enjoy in the day-time undera cloudy 
sky. ii. 3 

As the moon and the planets are rendered visi- 
ble to us only by light reflected from their surfaces, 
so it is in the same way that the images of most 
of the objects around us are conveyed to our or- 
gans of vision. We behold all the objects whic?: 
compose an extensive landscape—the hills and’ 
vales, the woods and lawns, the lakes and rivers, 
and the habitations of man—in consequence of 
the capacity with which they are indued of send- 
ing forth reflected rays to the eye, from every 
point of their surfaces and in all directions. In 
connection with the reflection of light, the fol- 
lowing curious observation may be stated: Baron 
Funk, visiting some silver mines in Sweden, ob- 
served, that, “in a clear day, it was as dark as 
pitch under ground in the eye of a pit, at sixty 
or seventy fathoms deep; whereas, in a cloudy ort 
rainy day, he.could see to-read even at 106 fath- - 
oms deep: Inquiring of the miners; he was in- 
formed that this is always the case; and reflecting 
upon it, he imagined it arose from this circum- 
stance, that, when the atmosphere is full of clouds, 
light is reflected from them into the pit in all di- 
rections, and that thereby a considerable propor- 
tion of the rays are reflected perpendicularly upon 
the earth: whereas, when the atmosphere is clear, 
there are no opaque bodies to reflect the light in 
this manner, at least in.a sufficient quantity; and 
rays from the sun himself can never fall perpen- 
dicularly in that country.”’ “The reason here as- 
signed is, in all probability, the true cause of the 
phenomenon now described. 

8.. It-is supposed. by some philosophers that 
light is subject. to the same laws of attraction that 
govern all other material substances, and that it is 
unbibed and forms a constituent part of certain bodies. 
This has been inferred from the phenomena of the 
Bolognian stone, and what are generally called the 
solar phosphori. The Bolognian stone was first 
discovered, about the year 1630, by Leascariolo, a 
shoemaker of Bologna. Having collected together 
some stones of a shining appearance at the bottom 
of Monte Paterno, and being in quest of some al- 
chemical secret, he put them into a crucible to 
calcine them; that is, to reduce them to the state 
of cinders. Having taken them out of the cruci- 
ble, and exposed them to the light of the sun, he 
afterward happened to carry them into. a dark 
place, when, to his surprise, he observed that they 
possessed a self-illuminating power, and continued 
to emit faint rays of light for some hours after- 
ward. Jn consequence of this discovery, the Bo- 
lognian spar came into considerable demand among 
natural philosophers, and the curious in general; 
and the best way of preparing it seems to have 
been hit upon by the family of Zagoni, who sup- 
plied all. Europe with Bolognian phosphorus until 
the discovery of more powerful phosphoric sub- 
stances put an end to their monopoly. In the 
year 1677, Baldwin, a native of Misnia, observed 
that chalk, dissolved in aquafortis, exactly resem- 
bled the Bolognian stone in its property of imbib- 
ing light, and emitting it after it was brought into 
the dark; and hence it has,obtained the name of 
Baldwin’s phosphorus. 

In 1730 M. Du Fay directed his attention to 
this subject, and observed that all earthy substan- 
ces susceptible of calcination, either by mere fire, 
or when assisted by the previous action of nitrous 
acid, possessed the property of becoming more or 
less luminous, when calcined and exposed for a 
short time in the light; that the most perfect of 
these phosphori were limestones, and other kinds 
of carbonated lime, gypsum, and particularly the 
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topaz, and that. some diamonds were also observed 


to be luminous by simple exposure to the sun’s) 


rays. Some time afterward Beccaria discovered 
that a great variety of other bodies were converti- 
ble into phosphori by exposure to the mere light 
of the sun, such as organic animal remains, most 
compound salts, niter and borax—all the farina- 
ceous and oily seeds of vegetable substances, all 
the gums and several of the resins—the white 
woods and vegetable fiber, either in the form of 
paper or linen; also starch and loaf-sugar proved 


to be good phosphori, after being made thoroughly | 


drvsgne exposed to the direct. rays of the sun. 
Certain animal substances, by a similar treatment, 


e also converted into phosphori; particularly 
sinew, glue, hair, horn, hoof,. feathers, and 


b 
»/fish-shells. The same property was communica- 


a2 


to rock-crystal and some other of the gems, 

‘rubbing them against each other so as to rough- 
en their surfaces, and then placing them for some 
minutes in the focus of a lens, by which the rays 
of light ‘were concentrated upon them at the same 
time that they were also moderately heated. 

In the year 1768, Mr. Canton contributed some 
important facts in relation to solar phosphori, and 
communicated a method of preparing a very pow- 
erful one, which, after the inventor, is usually 
called Canton’s phosphorus: He affirms that his 
phosphorus, inclosed in a glass flask, and hermeti- 
cally sealed, retains its property of becoming lu- 
minous for at least four years, without any appar- 
ent decrease of activity. It has also been found 
that, if a common box smoothing-iron, heated in 
the usual manner, be placed for half a minute ona 
sheet of dry, white paper, and the paper be then ex- 
posed to the light, and afterward examined ina dark 
closet, it will be found that the whole paper will 
be luminous, that part, however, on which the iron 
had stood being much more shining than the rest, 

From the above facts it would seem that certain 
bodies have the power of imbibing light and again 
emitting it, in certain circumstances, and that this 
power may remain for a considerable length of 
time. It is observed that the light which such 
bodies emit, bears an analogy to that which they 
have imbibed. In general, the illuminated phos- 
phorus is reddish; but when a weak light only has 
been admitted to it, or when it has been received 
through pieces of white paper, the emitted light is 
pale or whitish. Mr. Morgan, in the seventy-fifth 
volume of the Philosophical Transactions, treats 
the subject of light at considerable length; and as 
a foundation for his reasoning, he assumes the 
following data: 1. That light is a body, and, like 
all others, subject to the laws of attraction. 2. 
That light is a heterogeneous body, und that the 
same attractive power operates with different de- 
grees of force on its different parts. To the prin- 
ciple of attraction, likewise, Sir Isaac Newton has 
referred the most extraordinary phenomena of 
light, Refraction and Inflection. He has also en- 
deavored to show that light is not only subject to 
the law of attraction, but of repulsion also, since 
it is repelled or reflected from certain bodies. If 
such principles be admitted, then it is highly pro- 
bable that the phosphorescent bodies to which we 
have adverted have a power of attracting or im- 
bibing the substance of light, and of retaining or 
giving it out under certain circumstances, and 
that the matter of light: is incorporated, at least, 
with the surface of such bodies; but on this sub- 
ject, as on many others, there is a difference of 
opinion among philosophers.* 





* Light of a phosphoric nature is frequently emitted from 
various putrescent animal substances, which, in the ages of 
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9. Light is found to produce a remarkable effect 
on plants and flowers, and other vegetable produc: 
tions. Of all the phenomena which living vege- 
tables exhibit, there are few that appear more ex- 
traordinary than the energy and constancy with 
which their stems incline toward the light. Most 
of the discous flowers follow the sun in his course. 
They attend him. to his evening retreat, and n 


| his rising luster in the morning with the same un- 


erring law. They unfold their flowers on. the ap- 
proach of this luminary; they follow his course 
by turning on their stems, and close them as soon 
as he disappears. If a plant, also, is shut up ina 
dark room, and a’small hole afterward opened by 
which the light of the sun may enter, the plant 
will turn toward that hole, and even alter its own 
shape in order to get near it; so that though it 
was straight before, it will in time become crooked, 
that it may getnear the light. Vegetables placed 
in rooms where they receive light only in one di- 
rection, always extend themselves in that direction. 
If they receive light in two directions, they direct 
their course toward that which is strongest. It is 
not. the heat, but the light of the sun which the 
plant thus covets; for, though a fire be kept in 
the room, capable of giving a much stronger heat 
than the sun, the plant-will turn away from the 
fire in order to enjoy the solar light. Trees grow- 
ing in thick forests, where they only receive light 
from above, direct their shoots almost invariably 
upward, and therefore become much taller and 
less spreading than such as stand single. 

The green color of plants is likewise found to 
depend on the sun’s light being allowed to shi 
on them; for without the influence of # 
light they are always of a white color. 
by experiment that, if a plant whic 
reared in darkness be exposed to the ligh pitt 
in two or three days it will acquire a green color 
perceptibly similar to that of plants which have 
grownin open daylight. If we expose tothe light 
one part of the plant, whether leaf or branch, this 
part alone will become green. If we cover any 
part of a leaf with an opaque substance, this place 
will remain white, while the rest becomes green. 
The whiteness of the inner leaves of cabbages is 
a partial effect of the same cause, and many other 
examples of the same kind might ‘easily be pro- 
duced. M. Decandolle, who seems to have paid 










superstition, served to astonish and affright the timorous.— 
We learn from Fabricius, an Italian, that three young men, 
residing at Padua, having bought a lamb, and eaten part of 
it on Easter day, 1592, several pieces of the remainder, 
which they kept until the following day, shone like so many 
candles when they were casually viewed in the dark. The 
astonishment of the whole city was excited by this pheno- 
menon, anda part of the flesh was sent to Fabricius, who 
was professor of anatomy, to be examined by him. [ie ob- 
served that those parts which were soft to the touch and 
transparent in candle-light were the most resplendent; and 
also thiat some pieces of kid’s flesh which had happened to 
have laid in contact with them were luminous, as well as 
the fingers and other parts of the bodies of those persons 
who touched them. Bartholin gives an account of a simi- 
lar phenomenon, which happened in Montpelier, in 1641.— 
A poor woman had bought a piece of flesh in the market, 
intending to make use of iton the following day; but hap- 
pening not to be able to sleep well that night, and her bed 
and pantry being in the same room, she observed so much 
light come from the flesh.as to illuminate all the place where 
it hung, We may judge.of the terror and astonishment of 
the woman herself, when we find that a part of this lumin- 
oys flesh was carried as a very extraordinary curiosity to 
Henry, duke of Conde, the governor of the place, who viewed 
it several hours with the greatest astonishment. The light 
was as if gems had been scattered over the surface, and 
continued until the flesh began to putrefy, when it vanished, 
which it was believed to do in the form of across, Hence 
the propriety of instructing the mass of the community in 
the knowledge of the facts connected with the material sys- 


tem, and the physical causes of the various phenomena of 
nature, 
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particular attention to this subject, has the follow- 
ing remarks: “It is certain, that between the 
white state of plants vegetating in darkness, and 
complete verdure, every possible intermediate de- 
gree exists, determined by the intensity of the 
light. Of this any one may easily satisfy him- 
self by attending to the color of a plant exposed 
to the full daylight; it exhibits in succession all 
the degrees of verdure. I had already seen the 
same phenomenon, in a particular manner, by ex- 
posing plants reared in darkness to the light of 
lamps. In these experiments, I not only saw the 
color come on gradually, according to the con- 
tinuance of the exposure to light, but I satisfied 
myself that a certain intensity of permanent light 
never gives to a plant more than a certain degree 
of color. ‘The same fact: readily shows itself in 
nature, when we examine the plants that grow 
under shelter or in forests, or when we examine 


in succession the state of the leaves that form the | 


heads of cabbages.’’* 


It is likewisefound that the perspiration of vege- | 


tables is increased or diminished in a certain mea- 
sure by the degree of light which falls upon them. 
The experiments of Mr. P. Miller, and others, prove 
that plants uniformly perspire most in the fore- 
noon, though the temperature of the air in which 
they are placed should be unvaried. M. Guet- 
tard likewise informs us that a plant exposed to 
the rays of the sun has its perspiration increased 
to a much greater degree than if it had been ex- 
posed to the same heat under the shade. Vegeta- 
bles are likewise found to be indebted to light for 

ir smell, taste, combustibility, maturity, and 
us principle, which equally depend upon 
‘The aromatic’ substances, resins, and 
oils, are the productions of southern cli- 
mates, where the light is more pure, constant, and 
intense. In fine, another remarkable property of 
light on the vegetable kingdom is, that, when vege- 









tables are exposed to open daylight, or to the sun’s, 


rays, they emit oxygen gas, or vital air. It has 
been proved that, in the production of this effect, 
the sun does not act as a body that heats. The 
emission of the gas is determined by the light: 
pure air is therefore separated by the action of 
light, and the operation is stronger as the light is 
more vivid. By this continual emission of vital 
air, the Almighty incessantly purifies the atmo- 
sphere, and repairs the loss of pure air occasioned 
by respiration, combustion, fermentation, putre- 
faction, and numerous other processes which have 
a tendency to contaminate this fluid, so essential 
to the vigor and comfort of animal life; so that, 
in this way, by the agency of light, a due equili- 
brium is always maintained between the constitu- 
ent parts of the atmosphere. 

In connection with this subject the following 
curious phenomenon may be stated, as related by 
M. Haggern, a lecturer on Natural History in 
Sweden. One evening he perceived a faint flash 
of light repeatedly dart from a marigold. Sur- 
prised at such an uncommon appearance, he re- 
solved to examine it with attention; and, to be as- 
sured it was no deception of the eye, he placed a 
man near him, with orders to make a signal at 
the moment when he observed the light. They 
both saw it constantly at thesame moment. The 
light was most brilliant on marigolds of an orange 
or flame color, but scarcely visible on pale ones. 
The flash was frequently seen on the same flower 
two or three times in quick succession, but more 


commonly at intervals of several minutes; and | 


when several flowers in the same place emitted 
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their light together, it could be observed at a.con- 
siderable distance. ‘The phenomenon was remark- 
ed in the months of July and August at sunset, 
and for half an hour when the atmosphere was 
clear; but after a rainy day, or when the air was 
loaded with vapors, nothing of it was seen. » The 
following flowers emitted flashes more or less 
vivid, in this order: 1. The Marigold. 2. Monk’s 
Hood. 3. The Orange Lily. 4. The Indian Pink. 
As 'to the cause of this phenomenon, different 
opinions may be entertained. From the rapidity 
of the flash and other circumstances, it may be 
conjectured that electricity is concerned in pro- 
ducing this appearance. M. Haggern, after hav- 
ing observed ,the flash: from the orange lily, the 
anthers of which are at considerable distai 


from the petals, found that the light procectedlipe 


from the petals only; whence he concludes th 


this electrical light is caused by the pollen, which, 


in flying off, is scattered on the petals. But, per- 
haps, the true cause of .it still remains to be ascer- 
tained. ( 

10. Light has been supposed to produce a certain 
degree of influence on the PROPAGATION OF, SOUND. 
M. Parolette, in a long paper in the “Journal de 
Physique,” vol. 68; ‘which’ is copied into * Nich- 
olson’s Philosophical Journal,”’ vol. 25, pp. 28-39, 
has offered a’ variety of remarks, and detailed a 
number of experiments on this subject. The au- 
thor states the following circumstances as having 
suggested the connection between light and sound: 
«Jn 1803 I lived in Paris, and being accustomed 
to rise before day to finish a work on which I had 
long been employed, I found myself frequently 
disturbed by the sound of carriages, as my win- 
dows looked into one of, the most frequented 
streets in that city. ‘This circumstance, which 


‘disturbed me in my studies every morning, led 


me to remark that the appearance of daybreak 


peculiarly affected the propagation of the sound; . 


from dull and deep, which it was before day, it 
seemed to me to acquire a more sonorous sharp- 
ness in the period that sueceeded the dissipation 
of darkness. The rolling of the wheels seemed 
to announce the friction of some substances grown 
more elastic; and my ear, on attending to it, per- 
ceived this difference diminish in proportion as 
the sound of wheels was confounded with those 
excited by the tumult of objects quitting their 
nocturnal silence. Struck with this observation, 
Iattempted to discover whether any particular 
causes had deceived my ears. I rose several times 
before day for this purpose alone, and was every 
time’ confirmed in my suspicion that light must 
have a peculiar influence on the propagation of 
sound. This variation, however, in the manner 
in which the air gave sounds, might be the effect 
of the agitation of the atmosphere produced by 
the rarefaction the presence of the sun occasioned; 
but the situation of my windows, and the usual 
direction of the morning breeze, militated against 
this argument.” 

The author then proceeds to give a description 
of avery delicate instrument, and various appa- 
ratus for measuring the propagation and intensity 
of sound, and the vatious experiments both in the 
dark and in daylight, and likewise under different 
changes of the atmosphere, which were made 
with his apparatus, all of which tended to prove 
that light had a sensible influence in the propaga- 
tion of sound. But the detail of these experi- 
ments, and their several results, would be too tedi- 
ous to be here transcribed. The night has gene- 
rally been considered as more favorable than the 
day for the transmission of sound, ‘That this 
is the case,’’ says Parolette, ‘with respect to our 
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"ears cannot be doubted: but this argues nothing 
against my opinion. We hear farther’ by night 
on account of the silence, and this always con- 
tributes to it, while the noise of a wind favorable 
to the propagation of a sound may prevent the 
sound from being heard.’? In reference to the 
cause which produces the effect now stated, he 
proposes the following queries: ‘Is the atmo- 
spheric air more dense on the appearance of light 
than in darkness? Is this greater density of tlle 
air, or of the elastic fluid that is subservient to 
the propagation of sound, the effect of aeriform 
aga kept in this state through the medium 
of light?’ He is disposed, on the whole, to con- 
clude that the effect in question is owing’ to the 
aétion of light upon the oxygen of the atmosphere, 

"since oxygen gas is found by experiment to be 
best adapted to the transmission of sound. 
_ Our author concludes his communication with 
the following remarks: “ Light bas a velocity 
900,000 times as rapid as that of sound, Whether 
it emanate from the sun and reach to our earth, 
or act by means of vibrations agitating the parti- 
cles of.a fluid of a peculiar nature, the, particles 
of this fluid must be.extremely light, elastic, and 
active. Nor does it appear to me unreasonable to 
ascribe to the mechanical actionof these particles 
set in motion by the sun, the effects its presence 
occasions in the vibrations that proceed from ‘sono- 
rous bodies. The more deeply. we investigate the 
theory of light, the more we must.perceive that 
the powers by which the universe is moved reside 
in the imperceptible particles of bodies; and that 
the grand results of nature are but an assemblage 
of an order of actions that take place in its in- 
finitely small parts; consequently, we cannot in- 
stitute a series of experiments more interesting 
than those which tend to develop the properties 
of light. Our organs of sense are so een 
connected with the fluid that enlightens us, that a 
notion of having acquired an idea of the mode of 
action of this fluid presents itself to our minds, 
as the hope of a striking advance in the know- 
ledge of what composes the organic: mechanism 
of our life, and of that of beings which, closely 
follow the rank assigned to the human species.” 
Such is a brief description of some of the lead- 
ing properties of light. Of all the objects that 
present themselves to the philosophic and contem- 
plative mind, light is-one of the noblest and most 
interesting. The action it exerts on all the com- 
binations of matter, its extreme divisibility, the 
rapidity of its propagation, the sublime wonders 
it reveals, and the office it performs in what con- 
stitutes the life of organic beings, lead us to con- 
sider it as a substance acting the first part in the 
economy of nature. The magic power which this 
emanation from the heavens exerts on our organs 
of vision, in exhibiting to our view the sublime 
spectacle of the universe, cannot be sufficiently 
admired, Nor is its power confined to the organs 
of sight; all our senses, are, in a greater or less 
degree, subjected to the action of light, and. all 
the objects in this lower creation—whether in the 
animal, the vegetable, or the mineral kingdoms— 
are, to a certain extent, susceptible of its influ- 
ence. Our globe appears to be little more than an 
accumulation of terrestrial materials introduced 
into the boundless ocean of the solar light, as a 
theater on which it may display its exhaustless 
power and energy, and give animation, beauty, 
and sublimity to every surrounding scene, and to 
regulate all the powers of natute, and render them 
subservient to the purposes for which they were 
ordained. This elementary substance appears to 
be universal in its movements and in its influence. 


‘This splendid luminary, whose light e1 
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It descends to us from the solar orb. It wings its 
way through the voids of spate, along a course 
of ninety-five millions of miles, until it arrives at 
the outskirts of our globe; it passes freely through 
the surrounding atm ; it strikes upon the 
clouds, and is reflected by them; it irradiates the 
mountains, the vales, the forests, the rivers, the 
seas, and all the productions of the vegetable king- 
dom, and adorns them with a countless assem- 
blage of colors. It scatters and disperses its rays 
from one end of creation to another, diffusing it- 
self throughout every sphere of the universe. It 
flies without intermission from star to star, and 
from suns to planets, throughout the boundless 
sphere of immensity, forming a connecting chain 
and a medium of communication among all the 
worlds and beings within the wide empire of Om- 
nipotence. 

_ When the sun is said “to rule over the day,” 
it is intimated that he acts as the vicegerent of 
the Almighty, who has invested him with a me- 
chanical power of giving light, life, and motion to 
all the beings susceptible of receiving impressions 
from his radiance. . As the servant of his Creator, 
he distributes blessings without number among 
all the tribes of sentient and intelligent existence. 
When his rays illumine the eastern sky in the 
morning, all nature is enlivened with his presence, 
When he sinks beneath the western horizon, the 
flowers.droop, the birds retire to their nests, anda 
mantle of darkness is.spread over the landseape of 
the world. When he approaches the equinox in 
spring, the animal and vegetable tribes revive and 
nature puts on anew and a smiling aspee V hen 
he declines toward the winter solstice ines 
and desolation ensue, and a temporary d 
place among the tribes of the veget 







the whole of this lower creation, forms the 
lively representation of Him who is the source 
and the center of all beauty and perfection. “God 
is a sun,” the sun of the moral-and spiritual uni- 
verse, from whom all the emanations of know- 
ledge, love, and felicity descend. “He coyereth 
himself with light as with a garment,’ and 
dwells in light inaccessible and full of glory.’? 
The felicity and enjoyments: of the future world 
are adumbrated under the ideas of light and glory. 
“The glory of God enlightens the celestial city; 
its inhabitants are represented as ‘the saints in 
light;.”? it is declared that “their sun shall no 
more go down,” and that “the Lord God is their 
everlasting light.”’ So that light not only cheers 
and enlivens all beings throughout the material 
creation, but isthe emblem of the Eternal Mind, 
and. of all that is delightful and transporting in 
the scenes of a blessed immortality. 

In the formation of light, and the beneficent ef- 
fects it produces, the wisdom and goodness of. the 
Almighty are conspicuously displayed. Without 
the beams of the sun and the influence of light, 
what were all the realms of this world but an undis- 
tinguished chaos and so many dungeons of dark- 
ness? In vain should we roll our eyes around to 
behold, amid the universal gloom, the aes fields, 
the verdant plains, the flowing streams, the expan- 
sive ocean, the moon walking in brightness, the pla- 
nets in their courses, or the innumerable host of 
stars. All would be lost to the eye of man, and the 
“blackness of darkness?’ would. surround him 
forever. And with how much wisdom has every- 
thing been arranged in relation to the motions and 
minuteness of light? Were it capable of being 
transformed into a solid substance, and retain its 
present velocity, it would fdrm the most dreadful 
and appalling element in nature, and produce 
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universal terror and destruction throughout the 
universe. That this is not impossible, and could 
easily be effected by the hand of Omnipotence, 
appears from such stances as phosphorus, 
where light is supposed to be concentrated in 
a solid state. But in all its operations and 
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effects, as it is now directed by unerring wis- 
dom and beneficence, ‘it exhibits itself as the 
most benign and delightful element connected 
with the constitution of the material system, 


diffusing splendor and felicity wherever its influ- 


ence extends. 


me 
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ON THE REFRACTION OF LIGHT. 


Rerraction is the turning or bending of the 
says of light out of their natural course. 

Light, when proceeding from a luminous body— 
without being reflected from any opaque substance 
or inflected. by passing near one—is invariably 
found to proceed in straight lines without the least 
deviation. But if it happens to pass obliquely 
from. one medium to another, it always leaves the 
direction it had before and assumes a new -one. 
This change of ‘direction, or bending of the rays 
of light is what is called Refraction—a term which 
probably had its origin from the broken appearance 
which a staff or a long pole exhibits when a por- 
tion’ of it is immersed in water—the word, de- 
rived from the Latin frango, literally signifying 
ingor bending. > : 
ht. is thus refracted, or has taken a 
n, it then proceeds invariably in a 
until it meets with a different me~ 






It must be observed, however, that though we 
may by this means cause the rays of light to 
make any number of angles in their course, it is 
. impossible for us to make them describe a curve, 
except in one single case, namely, where they 
pass through a medium, the density of which 
either uniformly increases or diminishes. This is 
the case with the light of the celestial bodies, 
which passes downward through our atmosphere, 
and likewise with that which is reflected upward 
through it by terrestrial objects. In both these 
cases it describes a curve of the, hyperbolic kind; 
but at all other times it proceeds in straight lines, 
or in what may be: taken for straight lines without 
any sensible error. 

‘There are two circumstances essential to refrac- 
tion. 1. That the rays of light shall pass out of 
one medium into another of a different density, 
or of a greater or less degree of resistance. 2. 
That they pass in an oblique direction. The 
denser the refracting medium, or that into which 
the ray enters, the greater will be its refracting 
power; and of two refracting mediums of the 
same density, that which is of an oily or inflam- 
mable nature will have a greater refracting power 
than the other.. The nature of refraction may 
be more particularly explained and illustrated by 
the following figure and description: 

Let A DH J, fig. 2, be a body of water, A D 
its surface, C a point in which a ray of light, B 
C, enters from the air into the water. This ray, 
by the greater density of the water, instead of 
passing straight forward in its first direction to K, 
will be bent at the point C, and pass along in the 





* By a medium, in optics, is meant the space in which 
a ray of light moves, whether pure space, air, water, glass, 
diamond, or any other transparent substance through which 
the rays of light can pass in straight lines, 
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direction C E, which is called the refracted ray. 
Let the line # G be drawn perpendicular to the 
surface of the water in C, then it is evident that the 
ray B C, in passing 

out of air, a rare 
medium,intoadense L 
medium, as water, a 
is refracted into a, || 
ray CE, which is — 
nearer to the per- 
pendicular CG than A: 
the incident ray B 
C and, on the con-: 
trary, the ray HC, : 
passing out of a I 
denser medium into ~ 

a rarer, will be refracted into © B, which is farther 
from the perpendicular. 

The same thing may be otherwise illustrated as 
follows: Suppose a hole made in one of the sides of 
the vessel as at a, and a lighted candle placed within 
two or three feet of it, when empty, so that its flame 
may be at L, a ray of light proceeding ‘from it 
will pass through the hole, a, in a straight line, L 
B C.K, until it reach the bottom of the vessel at 
K, where it will form a‘ small circle of light. 
Having put a mark at the point K, pour water 
into the vessel until it rise to the hight A D, and 
the round spot that was formerly at K will appear 
at £; that is, the ray which went straight forward, 
when the vessel was empty, to K, has been bent 
at the point C, where it falls into the water, into 
the line CH. In this experiment it is necessary. 
that the front of the vessel should be of glass, in 
order that the course of the ray may be seen; and 
if a little soap be. mixed with the water so as to 
give it a little mistiness, the ray C H# will be dis- 
tinctly perceived. . If, in place of fresh water, we 
pour in salt, water, it will be found that the ray 
B C is more bent at C. In like manner, alcohol 
will refract the ray B-C more than salt water, and 
oil more than alcohol, and a piece of solid glass, 
of the shape of the water, would refract the light 
still more than the oil. 

The angle of refraction depends on the obli- 
quity of the rays falling on the refracting surface 
being always such, that the sine of the incident 
angle is to the sine of the refracted angle in a 
given proportion. ‘The incident angle is the angle 
made by a ray of light and a line drawn perpen- 
dicular to the refracting surface, at the point where 
the light enters the surface. The refracted angle 
is the angle made by the ray in the refracting me- 
dium with the same perpendicular produced. The 
sine of the angle is‘a line which serves to measure 
the angle, being drawn from a point in one leg 
perpendicular to the other. The following figure 
(fig. 3) will tend to illustrate these definitions. 
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In this figure, B C is the incident ray, C E the 
refracted ray, D G the perpendicular,A D the 
sine of the angle of incidence, A C D, and H R 
the sine of the angle of refraction GCE. Now, 


- Fig. 3. 
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it is a proposition, in optics, that the sine A D of 
the angle of incidence B C D is either accurately 
or very nearly in a given proportion to the sine H 
R of the angle of réfraction GC E. This ratio 
of the sines is as four to three, when the refrac- 
toni made out of air into water, that is, A D is 
to H R as four to three. When the refraction is 
out of air into glass, the proportion is about as 
thirty-one to twenty, or nearly as three to two. 
If the refraction be out of air into diamond, it is 
as five to two, that is A D: HR: :5:2. The 
denser the medium is, the less is the angle and 
sine of refraction. If a ray of light, MC, were 
to pass from air into water, or from empty space 
into air, in the direction M C, perpendicular to 
the plane N O, which separates the two mediums, 
it would suffer no refraction, because one of the 
essentials to that effect is wanting, namely, the 
obliquity of the incidence. 

It may also be proper to remark that a ray of 
light cannot pass out of a denser medium into a 
rarer, if the angle of incidence exceed a eertain 
limit. Thus.a ray of light will not pass out of 
glass into air, if the mage of incidence exceed 
40° 11’; or out of glass ‘nto water, if the angle 
of incidence exceed 59° 20’. In such eases re- 
fraction will be changed into reflection. 

The following common experiments, which are 
easily performed, will illustrate the doctrine of 
refraction: Puta shilling, or any other small ob- 
ject which is easily distinguished, into a basin or 
any other similar vessel, and then retiré to such a 
distance as that the edge of the vessel shall just 
hide it from your sight. If then you cause, an- 
other person to fill the vessel with water, you will 
find that the shilling is rendered perfectly visible, 
although you have not in the slightest degree 
changed your position. The reason of this. is, 
that the rays of light, by: which’ it is rendered 
visible are bent out of their course. Thus, suppose 
the shilling to have been placed at the bottom of 
the basin at E (fig, 2), the tay of light B C which 
passes obliquely from the air into water ‘at ©, 
instead of continuing its course to K, takes the 
direction of C E, and, consequently, an object at 
E would be rendered visible by rays proceeding 
in that direction, when they would not have 
touched it had they proceeded in their direct 
course. 

The same principle is illustrated by the follow- 
ing experiment: Place a basin or square box on a 
table, and a caudle at a small distance from it; lay 
a small rod or stick across the sides of the basin, 
and mark the place where the extremity of the 
shadow falls, by placing a shilling or other object 
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at the point; then let water be poured into the 


basin, and the shadow will then fall much nearer 


to the side next the candle than. before. This 
experiment may like e performed by simply 
ed on the shadow of 

Again, put a long 






the side of the basin itse 


| stick obliquely into deep water, and the stick will 


seem to be broken at the point where it appears 
at the surface of the water, the part v is 
immersed in the water appearing to be bent up- 
ward. Hence every one must have observed that 


in rowing a boat the ends of the oars appear bent 
or broken every time they are immersed in the 


‘water, and their appearance at such tines is a 


representation of the course of the refracted rays. 
Again, filla pretty deep jar-with water, and you 
will observe the bottom of the jar considerably 
elevated, so that it appears much shallower than 
it did before the water was poured in the pro- 
portion of nearly a third of its which is 
owing to the same cause as that which makes 
the end of a stick immérsed in water appear more 
elevated than it would do if there were no refrac- 
tion. Another experiment may be just mentioned. 
Put a:sixpence in a wine-glass, and pour upon it 
a little water, When viewed ina certain position, 
two sixpences will appear in the glass—one image 
of the sixpence from below, which comes directly 
to the eye, and another which appears considerably 
raised above the other, in consequence of the rays 
of light rising through the water, and being re- 
fracted. In this experiment the wine-glass should 
not be more than half filled with water. 

The refraction of light explains the 
many curious and interesting phenome 
the heavens and on the earth. When y\ 
the banks of a river, and look obliquely t 
the waters to its bottom, we are apt to think 
much shallower than it really is. If it be eight 
feet deep in reality, it will appear from the bank 
to be only six feet; if it be five feet and a half 
deep, it will appear only about four feet... This is 
owing to the effects of refraction, by which the 
bottom of the river is apparently raised by the 
refraction of the light passing through the water 











‘into air, so as to make the bottom appear higher 


than it really is; as in the experiment with the jar 
of water. This'is a circumstance of some im- 
portance to be known and attended to in order to 
personal safety ; for many school-boys and other 
young persons have lost their lives by attempting 
to ford a river, the bottom ef which appeared to 
be within their reach when they viewed it from 
its banks; and even adult travelers on horseback 
have sometimes fallen victims to this optical de- 
ception ; and this is not the only case in which a 
knowledge of the laws of nature may be useful 
in guarding us against\dangers and fatal accidents. 

It is likewise owing to this refractive. power in 
water that a skillful marksman, who wishes to 
shoot’ fish under water, is obliged to take aim 
considerably below the fish as it appears, because 
it seems much nearer the top of the water than 
it really is. An acquaintance with this property 
of light is particularly useful to divers, for, in any 
of their movements or operations, should they aim 
directly at.the object, they would arrive ata point 
considerably beyond it ; whereas, by havi ng some 
idea of the depth of the water, and the angle 
which a line drawn from the eye to the object 
makes with its surface, the point at the bottom 
of the water, between the eye and the object at 
which the aim is to be taken, may be easily de- 
termined. For the same reason, a person below 
water does not see objects distinctly. For, as the 
aqueous humor of the eye has the same refrac- 
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tive power as watcr, the rays of light from any 
object under water will undergo no refraction in 
passing through the cornea and aqueous humor, 
and will therefore meet in a point far beyond the 
retina. But if any ccustomed to go 
below water, should use a pair of spectacles, con- 
sisting of two convex lenses, the radius of whose 
a is three-tenths of an inch—which is nearly 
the ra 








see objects as distinetly below water as above it. 

It is owing to refraction that we cannot judge 
so accurately of magnitudes and distances in 
water as in air. 
in water than when taken out of it: An object 
plunged vertically into water always appears con- 
tracted, and the more so as its upper extremity 
approaches nearer the surface of the water. Every- 
thing remaining in the same situation, if we take 
the object dually out of the water, and, it be of 
a slender | rm, We shall see it become larger and 
larger, by a rapid development, as it were, of all 
its parts. The distortion of gbjects, seen through 
a crooked pane of glass in a window, likewise 
arises from its unequal refraction of the rays that 
pass through it. It has been calculated that, in 
looking through the common glass of a window, 
objects appear about the one-thirtieth of an inch 
out of their real place, by meanis of the refraction. 

Refraction likewise produces an effect upon the 
heavenly bodies, so that their apparent positions 
are generally different from their real. By the 
refractive power of the atmosphere the stn 
is seen before he comes to the’ horizon in. the 
morning, and after he sinks beneath it in. the 
evening ; and hence this luminary is never seen 
in the lace which it really is, except when it 
passes the zenith at noon, to places within the 
torrid zone. The sun is visible when actually 
thirty-two minutes of a degree below the horizon, 
and when the ‘opaque rotundity of the earth is 
interposed between our eye and that orb, just on 
the same principle as, in the experiment with the 
shilling and basin of water, the shilling was seen 
when the edge of the basin interposed between it 
and the sight. The refractive power of the atmo- 
sphere has been found to be much, greater in cer- 
tain cases, than what has been now stated. Inthe 
year 1595, a company of Dutch sailors having 
been wrecked on the shores of Nova Zembla, and 
having been obliged to remain in that desolate 
region during a night of more than three months, 
beheld the sun make his appearaiice in the horizon 
about sixteen days before the time in which he 
should have risen according to calculation, and 
when his body was actually more than four de- 
grees below the horizon; which circumstance has 
been attributed to the great refractive power of the 
atmosphere in those intensely cold regions. This 
refraction of the atmosphere, which renders the ap- 
parent rising and setting of the sun both earlier and 
later than the real, produces, at least, one important 
beneficial effect. It procures for us the benefit of a 
much longer day, at all seasons of the year, than 
we should’ enjoy did not this property of the at- 
mosphere produce this effect. It is owing to the 
same cause that the discs of the sun and moon 
appear elliptical or oval when seen in the horizon, 
their horizontal diameters appearing longer than 
their vertical, which is caused by the greater re- 
fraction of the rays. coming from the lower limb, 
which is immersed in the densest part of the at- 
mosphere. 

The illumination of the heavens which precedes 
the rising of the sun, and continues some time 
after he is set, or what is commonly called the 
morning and evening twilight, is likewise produced 





ius of the convexity of the cornea—he will 


A fish looks considerably larger’ 
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by the atmospherical refraction, which circum- 
stance forms'a very pleasing and beneficial ar- 
rangement in the system of nature. It not only 
prolongs to us the influence of the solar light, and 
adds nearly two hours to the length of our day, 
but prevents us from being transported all at once 
from the darkness of midnight to the splendor of 


| noonday, and. from‘ the effulgence of day to the 


gloom and horrors of the night, which would be- 
wilder the traveler and navigator in their journeys 
by’sea or land, and strike the living world with 
terror and amazement. 

The following figure will illustrate the position 
now stated, and the manner in which the refrac- 
tion of the atmosphere produces these effects: © 
Let A a C, fig. 4, represent one-half of our globe, 
and the dark space between that curve and B r D, 


.the atmosphere. A person standing on the earth’s 


surface at. @ would see the sun rise at 6, when 
that luminary was in reality only at c, more than 
half a degree below the horizon. When the rays 





of the sun, after having proceeded in a straight 
line through empty space, strike the upper part 
of the atmosphere at the point d, they are bent out 
of their right-lined course by the refraction of the 
atmosphere, into the direction d a, so that the 
body of the sun, though actually intercepted by 
the curve of the earth’s convexity, consisting of 


‘a dense mass of land or water, is actually beheld 


by the spectator at a. The refractive power of 
the atmosphere gradually diminishes from the 
horizon to the zenith, and increases from the 
zenith to the horizgn, in proportion to the density 
of its different strata, being densest at its lower 
extremity next the earth, and more rare toward 
its higher regions. If. a person at a had the sun, 
é, in his zenith, he would see him where he really 
is; for his rays coming perpendicularly through 
the atmosphere, would be equally attracted in all 
directions, and would; therefore, suffer no inflec- 
tion. But, about two in the afternoon, he would 
see the sun at 7, though, in reality, he was at h, 
thirty-three seconds lower than his appareut situ- 
ation, At about four in the afternoon he would 
see him atm, when he is at n, one minute and 
thirty-eight seconds from his apparent situation. 
But at six o’clock, when we shall suppose he sets, 
he will be seen at 0, though he is at that time at 
p, more than thirty-two minutes below the hori- 
zon. These phenomena arise from the different, 
refractive powers of the atmosphere at different 
elevations, and from the obliquity with which the 
rays of light fall upon it; for we see every object , 
along that line in which the rays from it are direct- 
ed by the last medium through which they passed. 
The same phenomena happen in relation to the 
moon, the planets, the comets, the stars, and every 
other celestial body, all of which appear more 
elevated, especially when near the horizon, than 
their true places. The variable and increasing 
refraction from the zenith to the horizon is a 
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source of considerable trouble and: difficulty in 
making astronomical observations, and in nauti- 
eal calculations; for, in order to determine the 
real altitudes of the heavenly bodies, the exact 
degree of refraction at the observed elevation 
must be taken into account. To the same cause 
we are to ascribe a phenomenon that has some- 
times occurred, namely, that the moon has been 
seen rising totally eclipsed, while the sun was 
still visible in the opposite quarter of the horizon. 
At the middle of a total eclipse of the moon; the 
sun and moon are in opposition, or 180. degrees 
asunder; and, therefore, were no atmosphere sur- 
rounding the earth, these luminaries, in such a 
position, could never be seen above the horizon at 
the same time. But, by the refraction of the 
atmosphere near the horizon, the bodies of the 
sun and moon are raised more than 32 minutes 
above their true places, which is equal, and some- 
times more than equal, to the apparent diameters 
of these bodies. A WM 


EXTRAORDINARY CASES OF REFRACTION IN RELATION 
TO TERRESTRIAL OBJECTS. 


In consequence of the accidental condensation 
of certain strata of the atmosphere, some very 
ingular effects have been produced in the appa- 
Br elevation of terrestrial objects to a position 
much beyond that in which they usually appear. 
The following instance is worthy of notice. It 
is taken from the Philosophical Transactions of 
London for 1798, and was communicated by W. 
Latham, Esq., F.R.S., who observed the pheno- 
menon from Hastings, on the south coast of Eng- 
land: “On July 26, 1797, about five o’clock in 
the afternoon, as I was sitting in my dining-room 
in this place, which is situated upon theParade, 
close to the seashore, nearly fronting the south, 
my attention was excited by a number of people 
Tunning down to the seaside. Upon. inquiring 
the reason, IL was informed ‘that the coast of 
France was plainly to be. distinguished by the 
naked eye. I immediately went. down to the 
shore, and was surprised to find that, even with- 
out the assistance of a telescope, I could very 
plainly see the cliffs on the Opposite coast; which, 
at the nearest part, are between forty and fifty 
miles distant, and are not to be discerned from that 
low situation by the aid of the best glasses. They 
appeared to be only a few miles off, and seemed 
to extend for some leagues along the coast. I 
pursued my walk along the:shore eastward, close 
to the water’s edge, conversing with the sailors 
and fishermen upon the subject. They at first 
would not be persuaded of the reality of the ap- 
pearance; but they soon became so thoroughly 
convinced by the cliffs gradually appearing mote 
elevated, and approaching nearer, .as it were, that 
they pointed out and named to me the different. 
places they had been accustomed to visit, such as 
the Bay, the Old Head, or Man, the * Windmill, 
&c., at Bologne, St. Vallery, and other places on 
the coast of Picardy, which they afterward con- 
firmed, when they viewed them through their 
telescopes. Their observations were, that the 
places appeared as near as if they were sailing, at 
a small. distance, into the harbors. The day on 


.Which this phenomenon was seen was extremely 


hot; it was high’ water at Hastings about two 
o’clock, Pp. M., and not a breath of wind was stir- 
ring the whole day.’ From the summit of an 
adjacent hill, a most beautiful scene is said to 
have presented itself. At one glance the specta- 
tors could seo Dungeness, Dover Cliffs, and: the 
French coast, all along from Calais to St. Vallery, 
and, as some affirmed, as far to the westward as 
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Dieppe, which could not be much less than eighty 
or ninety miles. By the telescope the French 
fishing-boats were plainly seen at anchor, and the 
different colors of the land on the hights, with the 
buildings, were perfectly discernible. 
This singular phe non was doubtless occa- 
sioned by an extraordinary refraction, produced 
by an unusual expansion or condensati he 
lower strata of the atmosphere, arising from Cir- 
cumstances connected with the extreme heat of the 
season. The objects seem to have been apparent- 
ly raised far above their natural positions; for, 
from the beach at Hastings, a straight line drawn 
across toward the French coast,.would have been 
intercepted by the curve of the waters. They 
seem, also, to have been magnified by the refrac- 
tion, and brought, apparently, four or five times 
nearer the eye, than in the ordinary state of the 
atmosphere. | _ 
The following are likewise in: 
refraction: When Captain Co ranging 
over the coast of Caithness, with telescope of 
his great Theodolite, on the 21st of June, 1819, at 
8 o’clock, p. m., from Corryhabbie Hill, near Mort- 
lich, in Banffshire, he observed a brig over the 
land of Caithness, Sailing to the westward in the 
Pentland Frith, between the Dunnet and Dun- 
cansby heads. Having satisfied himself as to the 
fact, he requested his. assistants, Lieutenants Robe 
and Dawson, to look through the telescope, 
which they immediately did, and observed the 
brig likewise. It was very distinctiy visible for 
several minutes, while the party continued to 
look at it, and to satisfy themselves as to its posi- 
tion. The.-brig could not have stants than 



















unusual 





from ninety to one hundred miles distant; and, 
as the station on Corryhabbie is not above 850 
yards above the sea, the phenomenon is interest- 
ing. The thermometer was at 44°. The night 
and day preceding the sight of the brig had been 
continually rainy and misty, and it was not until 
seven o’clock of the evening of the 21st that the 
clouds cleared off the hill.* 

Captain Scoresby relates a singular phenome- 
non of this kind, which occurred while he was 
traversing the Polar seas. His ship had been 
separated by. the ice from that of his father for a 
considerable time, and he was looking out for her 
every day with great anxiety. At length, one 
evening, to his utter astonishment, he saw her 
suspended in the air, in ‘an inverted position, 
traced on the: horizon in the. clearest colors, and 
with the most distinct and perfect representation. 
He sailed in the direction in which he saw. thig 
visionary phenomenon, and actually found his 
father’s vessel by its indication. He was divided 
from him by immense masses of ice ergs, and at 
such a distance: that it was quite impossible to 
have seen the ship in her actual situation, or to 
have seen her at all, if her spectrum.had not been 
thus raised several degrees above the horizon inte 
the sky by this extraordinary refraction. She 
was reckoned to be seventeen miles beyond the 
visible horizon, and thirty miles distant. 

Mrs. Somerville states that a friend of hers, 
while standing on the plains of Hindostan, saw 
the whole upper chain of the Himalaya Moun- 
tains start into view, from a sudden change in the 
density of the air, occasioned by a heavy shower, 
after a long course of dry and hot weather. — In 
looking at distant objects through a telescope, 
over the top of aridge of hills, about two miles 
distant, I have several times observed that some 
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ON THE REFRACTION OF LIGHT. 


of the more distant objects which are sometimes 
hid by the interposition of a ridge of hills, are at 
other times distinctly visible above them. I have 
sometimes observed that objects near the middle 
of the field of view escope, which was in 
a fixed position, have s ly appeared to de- 
scend to the lower part, or ascend to the upper, 
art of the field, while the telescope remained 

altered. Ihave likewise seen, with a powerful 
pe, the Bell Rock Lighthouse, at the dis- 
tance of about twenty. miles, to appear as if con- 
tracted to less than two-thirds of its usual appa- 
rent hight, while every part of it was quite dis- 
tinct and well-defined, and in the course of an 
hour, or less, appeared to ‘shoot up to its usual 
apparent elevation— all which phenomena are 
evidently produced by the same cause to which 
we have been adverting. 










Such a of the striking effects produced 
by the r of light. It enables: us to see 
objects i ion where they are not; it raises, 
apparently, the bottoms of lakes and rivers; it 


magnifies objects when their light passes through 
dense mediums; it makes the sun appear above the 
horizon when he is actually below it, and thus in- 
creases the length of our day; iffproduces the Auro- 
ra and the evening twilight, which forms, in many 
instances, the most delightful part of asummer day; 
it prevents us from being involved in total darkness, 
the moment after the sun has descended beneath 
the horizon; it modifies the appearances of the ce- 
lestial bodies, and the directions in which they are 
beheld; it tinges the sun, moon, and stars, as well 
as the clouds, with a ruddy hue when near the 
horizon; it elevates the appearance of terrestrial 
objects, and, in certain extraordinary cases, brings 
them nearer to our view, and enables us to behold 
them when beyond the line of our visible. horizon. 
In combination with the power of reflection, it 
creates visionary landscapes, and a variety of gro- 
tesque and extraordinary appearances, which de- 
light andyastonish, and sometimes appall the be- 
holders. In short, as we shall afterward see more 
particularly, the refraction of light through glasses 
of different figures forms the principle on which 
telescopes and microscopes are constructed, by 
which both the remote and the minute wonders 
of creation have been disclosed to view. So that, 
had there been no bodies capable of refracting the 
rays of light, we should have remained forever ig- 
norant of many sublime and august objects in 
the remote regions of the universe, and of the 
admirable mechanism and the countless variety 
of minute objects which lie beyond the range of 
the unassisted eye in our lower creation, all of 
which are calculated to direct our views, and to 
enlarge our conceptions of the Almighty Creator, 

In the opération of the law of refraction in 
thesé and numerous other instances, we have a 
specimen of the diversified and beneficent. effects 
which the Almighty can produce by the agency 
of asingle principle in natur the influence 
of the simple law of gravit: he planets are 
retained in their orbits, the directed in her 
course around the earth, and the whole of the 
bodies connected with the sun preserved in one 
harmonious system. By the same law the moun- 
tains of our globe rest on a solid basis, the rivers 
flow through the plains toward the seas, the ocean 
is confined to its prescribed boundaries, and the 
inhabitants of the earth are retained to its surface, 
and prevented from flying upward through the 
voids of space. In like manner, the law by 
which light is refracted produces a variety of 
beneficial effects essential to the present conallin- 
tion of our world and the comfort of its inhabit- 
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ants. When a ray of light enters obliquely into 
the atmosphere, instead of passing directly through 
it bends a little downward, so that the greater 
portion of the rays which thus enter the atmo- 
spheric mass descend. by inflection to the earth. 
We then enjoy the benefits of that light which 
would otherwise have been totally lost. We per- 
ceive the light of day an hour before the solar 
orb makes its appearance, and a portion of its 
light is still retained when it has descended nearly 
eighteen degrees below our hdtizon. We thus 
enjoy, throughout the year, seven hundred and 
thirty hours of light which would have been lost 
had it not.been refracted down upon us from the 
upper regions of the atmosphere. 'To the inhabi- 
tants of the polar regions this effect is still more 
interesting and beneficial. . Were it not for their 
twilight, they would be involved, for a much 
longer period than they now are, in perpetual 
darkness; but by the powerful refraction of light 
which takes place in the frigid zones, the day 
sooner makes its appearance toward spring, and 
their long winter nights are; in certain cases, 
shortened by the period of thirty days. Under 
the poles, where the darkness of night would con- 
tinue six months: without intermission, if there 
were no refraction, total darkness does not praygil . 
during the one-half of this period. When the 
sun sets,at the north pole, about the 23d of Sep- 
tember, the inhabitants (if any) enjoy a perpetual 
aurora until he has descended eighteen degrees 
below the horizon. In his course through the 
ecliptic the sun is two months before he can reach 
this point, during which time there is a perpetual 
twilight. In two months more he arrives again 
at the same point, namely, eighteen degrees be- 
low the horizon, when a new twilight commences, 
which is continually increasing in brilliancy for 
other two months, at the end of which the body 
of this luminary is seen rising in all its glory. 
So that, in this region, the light of day is enjoyed 
in a greater or less degree, for ten months without 
interruption by the effects of atmospheric refrac- 
tion; and, during the two months when the in- 
fluence of the solar light is entirely withdrawn, 
the moon is shining above the horizon for two 
half months without intermission; and thus it 
happens that no more than .two separate: fort- 
nights are passed in absolute darkness; and this 
darkness is alleviated by the light of the stars and 
the frequent coruscations of the Aurora Borealis. 
Hence it appears that there are no portions of our 
globe that enjoy, throughout the year, so, large a 
portion of the solar light as these northern regions, 
which is chiefly owing to the refraction of the 
atmosphere. 

The refraction of light by the atmosphere, com- 
bined with its power of reflecting it, is likewise 
the cause of that universal light, and splendor 
which appears on all the objects around us. Were 
the earth disrobed of its atmosphere, and exposed 
naked to the solar beams, in this case we might 
see the sun without having day, strictly so called. 
His rising would not be preceded by any twilight 
as it now is. The most intense darkness would 
cover us until the very moment of his rising; he 
would then suddenly break out from under the 
horizon with the same splendor he would exhibit 
at the highest part of his course, and would not 
change his brightness until the very moment of 
his setting, when, in an instant, all would be black 
as the darkest night. At noonday we should see 
the sun‘like an intensely-brilliant globe shining 
in a sky as black as ebony, like a clear fire in the 
night seen in the midst of an extensive field, and 
his rays would show us the adjacent objects 
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immediately around us: but the rays which fall on 
the objects remote from us would be forever lost 
in the expanse of the heavens. Instead of the 
beautiful azure of the sky, and the colors which 
distinguish the face of nature by day, we should 
see nothing but an abyss of darkness, and the stars 
shining from a vault as dark as chaos. 
would be no day, such as we now enjoy, without 
the atmosphere; since it is by the refraction and 
reflections connected with this aerial fluid that 
light is so modified and directed as to produce all 
that beauty, splendor, and harmony which appear 
on the concave of the sky, and on the objects 
which diversify our terrestrial abode. 

The effect of refraction, in respect to terrestrial 
objects, is likewise of a beneficial nature. The 


quantity of this refraction is estirnated by Drv 


Maskelyne at one-tenth of the distance of the 
object observed, expressed in degrees of a great 
circle. Hence, if the distance be 10,000 fathoms, 
its tenth part 1000 fathoms, is the sixtieth part of 
a degree, or one minute, which is the refraction 
in altitude; Le Gendre estimates it at one-four- 
teenth, De Lambre at one-eleventh, and others at 
a twelfth of the distance; but it must be supposed 
to vary at different times and places according to 
* the varying state of the atmosphere. This refrac- 
tion, as it makes objects appear to be raised higher 
than they really. are, enlarges the extent of our 
landscapes, and enables us to perceive distant ob- 
jects which would otherwise have been invisible. 
It is particularly useful to the navigator at sea. 
It is one important object of ‘the mariner, when 
traversing his course, to look out for capes and 
headlands, rocks and islands, so as to‘descry them 
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Thus there 





as soon as they are within the reach of his: eye 
Now, by means of refraction, the tops of hills 
and the elevated parts of coasts are apparently 
raised into the air, so that they may be discovered 
several leagues farther off on the sea than they 
would be did no such refractive power exist. This 
circumstance is therefore a considerable benefit to 
the -science of navigation, in enabling th a~ 
riner to steer his course aright, and 78, 
him the most early warning of the track h t 
to take, or of the dangers to which he may be 
exposed. 

Iu short, the effects produced by the refraction 
and reflection of light on the scenery connected 
with our globe teach us that these principles, in 
the hand of the Almighty, might be so modified 
and directed as to produce the most picturesque, 
the most glorious, and wonderful phenomena, 









such as mortal eyes have never en, and of 
which human imagination can f¢ no concep- 
tion; and in other worlds, more re ent and 


magnificent than ours, such scenes may be fully 
realized, in combination with the operation of 
physical principles and agents with which we are 
at present unacquainted. From what we already 
know of ‘the effect§ of the reflection and the re- 
fraction of light, it is not beyond the bounds of 
probability to suppose that, in certain regions of 
the universe, light may be reflected and refracted 
through different mediums, in such a manner as 
to present to the view of their inhabitants the 
prominent scenes connected with distant systems 
and worlds, and to an extent as shall infinitely 
surpass the effects produced by our most powerful 
telescopes. 
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ON THE REFRACTION OF LIGHT THROUGH SPHERICAL TRANSPARENT SUB- 
* STANCES, OR LENSES. 


Ir is to the refraction of light that we are in- 
debted for the use of lenses or artificial glasses to 
aid the powers of the vision. It lays the founda- 
tion of telescopes, microscopes, camera obscuras, 
phantasmagorias, and other optical instruments, by 
which so many beautiful, useful, and wonderful 
effects have been produced. In order, therefore, to 
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illustrate the principles on which such instruments 
are constructed, it is necessary to explain the man- 
ner in which the rays of light are refracted and 
modified when passing through spherical mediums 
of different forms. I do not intend, however, to 
enter into the minutie of this subject, nor into any 
























































































































































lt Concavo-convex. 


abstract mathematical demonstrations, but shall 
simply offer a few explanations of general prinei- 
ples, and several experimental illustrations, which 
may enable the general reader to understand the 
construction of the optical instruments to be after- 
ward described. 

A lens is.a transparent substance of a different 
density from the surrounding medium, and termi- 
nating in two surfaces, either both spherical, or one 
spherical and the other plain. — It is usually made 
of glass, but may also be formed any other 
transparent substance, as ice, crystal, diamonds, 
pebbles, or fluids of different densities and refrac 
tive powers, inclosed between concave glasses. 

into various forms, according 
re intended to serve. They 
istinguished as being either 
Convex or concave. A convex glass is thickest. in 
the middle, and thinner toward the extremities, 
Of these there are various forms, which are repre- 
sented in fig.5. Aisa plano-convex lens, which 
has one side plane, and the ‘other spherical or 
convex. B is a plano-concave, which is plane on 
the one side and concave on the other. © isa 
double-convex, or one. which is spherical on both 
sidese D, a double-concave, or concave on both 
sides. E is called a meniscus, which is convex on 
0) de and concave on the other. F is a con- 
cavo-convex, the convex side of which is of'a 
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smaller sphere than the concave. In regard to 


the degree of convexity or concavity in lenses, it. 


is evident that there may be almost an infinite 
variety. For every convex surface is to be con- 
sidered as the segment of a circle, the diameter 
and the radius of which may vary to almost any 
extent. Hence lenses have been formed: by op- 
ticians, varying from one fiftieth of an inch in 
radius to two hundred feet. When we speak of 
the length of the radius of a lens, as, for instance 
when we say that a lens is two inches or forty 
inches radius, we mean that the convex surface of 
the glass is the part of a circle, the radius of 
which, or half the diameter, is two inches or forty 
inches; or, in other words, were the portion of 
the sphere on which it is ground formed into a 
globe of corresponding convexity, it would be four 
inches or eighty inches in diameter. 

The axis of a lens is a straight line drawn 
through the center of its spherical surface; and, 
as the spherical sides of every lens are arches of 
circles, the axis of the lens would pass through 
the center of that circle of which its sides are 
segments. Rays are those emanations of light 
which proceed from a luminous body, or from a 
body that is illuminated. The Radiant is that 
body or object which emits the rays of light, 
whether it be a self-luminous body, or one that 
only reflects the rays of light. Rays may proceed 
from a Radiant in different directions, They may 
be either parallel, converging, or diverging. Pa- 
rallel rays are those which proceed equally distant 
from each other through their whole course. 
Rays proceeding from’ the sun, the planets, the 
stars, and distant terrestrial objects are considered 
as parallel, as in fig. 6. Converging rays are such 
as, proceeding from a body, approach nearer and 
nearer in their progress, tending to a certain point 
where they all unite. Thus the rays proceeding 
from the object A B (fig. 7) tothe point F, are said 
to converge toward that point. All convex glasses 
cause parallel rays which fall upon them to con- 
verge in a greater or less degree; and they render 
converging rays still more convergent. If A B, 
fig. 7, represent a convex lens, and H G J parallel 
rays falling upon it, they will be refracted, and 
converge toward the point F’, which is called the 
focus or burning point; because when the sun’s 
rays are thus converged to a point by a large lens, 
they set on fire combustible substances. In this 
point the rays meet, and intersect each other. 
Diverging rays are those whick, proceeding from 
any point, as A, fig. 8, continually recede from each 
other as they pass along in their course toward B 
C. All the rays which proceed from near objects, 
as a window in a room, or an adjacent house or 
garden, are more or less divergent. The following 
figures show the effects of parallel, converging, 
and diverging rays, in passing through a double 
convex lens: 

Fig. 9 shows the effects of 
DE, L B, falling ona convex 
rays which fall near the e ities at A and B 
are bent or refracted toward , the focus, and 
center of convexity. It will be observed that they 
are less refracted as they approach the center of 
the lens, and the central ray D E C, which is 
called the axis of the lens, and which passes 
through its center, suffers no refraction. Fig. 10 
exhibits the course of converging rays when pass- 
ing through a similar lens. In this case the rays 
converge toa focus nearer to the lens than the 
center; for a convex lens uniformly increases the 
convergence of converging rays. The converging 
rays here represented may.be conceived as Hiring 
been refracted by another convex lens of a longer 
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Fig. 6. 














focus, and passing on toward a point of conver- 
gence, were intercepted by the lens A B. The 
point D is the place where the rays would have 
converged. to a focus, had they not been thus 
intercepted. Fig. 11 represents the course of di- 
verging rays when falling on. a double convex 
glass. In this case, the rays D B, D A, &c., after 
passing through the lens, converge to a focus at a 
point considerably farther from the lens than its 
center, as at /’.. Such rays must be considered as 


Fig. 11. Pigs os Fig. 10. 
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proceeding from near objects, and the fact may be 
illustrated by the following experiment: Take a 
common reading glass, and hold it in the rays of 
the sun, opposite a sheet of writing paper or a 
white wall, and observe at what distance from the 
glass the rays on the paper converge to a small, 
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distinct white spot. This distance gives the focal 
length of the Jens by parallel rays. If now we 
hold the glass within a few feet of a window, or a 
burning candle, and receive its image on the paper, 
the focal distance of the image from the glass will 
be found to, be longer. If, in the former case, 
the focal distance was twelve inches, in the latter 
case it will be thirteen, fifteen, or sixteen inches, 
according to the distance of the window or the 
candle from the glass. 

If the lens A B, fig. 9, on which parallel rays 
are represented as falling, were a plano-convex, as 
represented at A, fig. 5, the rays would converge 
toa point P,at double the radius, or the whole 
diameter of the sphere of which it is a segment. 
If the thickness, of a plano convex be considered, 
and if it be exposed on its convex side to parallel 
rays as those of the sun, the focus will be at the 
distance of twice the radius, wanting two-thirds of 
the thickness of thelens. Butif the same lens be ex- 
posed with its plane side to parallel rays, the focus 
will then be precisely at the distance of twice the 
radius from the glass. 
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The effects of concave lenses are directly oppo- 
site to those of convex. Parallel rays, striking 
one of those giasses, instead of converging toward 
a point, are made to diverge. Rays already di- 
vergent are rendered more so, and convergent rays 
are made less convergent. Hence objects seen 
through concave glasses appear considerably small- 
er and more distant than they really are. The 
following diagram, fig. 12, represents the course 
of parallel rays through a double concave lens 
where the parallel rays TJ’ A, DE, I B; &c. when 
passing through the concave glass A B, diverge 
into the rays GL, EC, H P, &c., as if they pro- 
ceeded from F’, a point before the lens, which is 
the principal focus of the lens: 


Fig. 12. 
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The principal focal distance, E F’, is the same 
as in convex lenses. Concave glasses are used to 
correct the imperfect vision of short-sighted per- 
sons. As the form of the eye of such persons is 
too convex, the rays are made to converge before 
they reach the optic nerve; and therefore a con- 
cave glass, causing a little divergency, assists this 
defect of vision, by diminishing the effect pro- 
duced by the too great convexity of the eye, and 
lengthening its focus. These glasses are seldom 
used, in modern times, in the construction of op- 
eal" instraments except as eye-glasses for small 
pocket perspectives, and opera-glasses. 

To find the focal distance of a concave glass.— 
Take a piece of pasteboard or card paper, and cut 
a round hole in it, not larger than the diameter of 
the lens; and on another piece of pasteboard de- 
scribe a circle whose diameter is just double the 
diameter of the hole. Then apply the piece with 
the hole in it to the lens, and hold them in the 
sunbeams, with the other piece at such a distance 
behind that the light proceeding from the hole 
may spread or diverge so as precisely to fill the 
circle; then the distance of the circle from the 
lens is equal to its virtual focus, or to its radius, 
if it be a double concave, and to its diameter, if 
aplano-concave. Let d,e (fig. 12) represent the 
diameter of the hole, and g, i, the diameter of the 
circle, then the distance C, J, is the virtual focus 
of the lens.* 

The meniscus, represented at E, fig. 5, is like 
the crystal of a common watch, and, as the con- 
yexity is the same as the concavity, it neither 
magnifies nor diminishes. Sometimes, however, 
it is made in the form of a crescent, as at F, fig. 
5, and is called a concavo-convex lens; and, when 
the convexity is greater than the concavity, or 
when it is thickest’in the middle, it acts nearly in 
the same way as a double or plano-convex lens of 
the same focal distance. 


OF THE IMAGES FORMED BY CONVEX LENSES. 


It is a remarkable circumstance, and which 
would naturally excite admiration, were it not so 





* This mode of finding the focus of a concave lens may 
be varied as follows: Let the lens be covered with paper, 
having two small circular holes; and, on the paper for re- 
ceiving the light, describe also two small circles, but with 
their centers at twice the distance from each other of the 
centers of the circles, Then move the paper to and from, 
until the middle of the sun’s light, coming through the holes, 
falls “manag on the middle of the circles; that distance of 
the paper from the lens will be the focal length required, 
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common and well known, that when the rays of 
light from any object are refracted through a convex 
lens, they paint a distinct and accurate picture of 
the object before it, in all its colors, shades, and pro- 
portions. Previous to experience, we could have had 
no conception that light, when passing through 
such substances, and converging to a point, could 


have produced so admirable an effeet—an effect 
on which the construction and utility of all 
optical instruments depend. The following figure 


will illustrate this position : 





Let L N represent a double convex Jens, A, C, a 
its axis, and O B an object perpendicular to it. 
A ray passing from the extremity of the object at 
O, after being refracted by the lens at F, will pass 
on in the direction F J, and form an image of that 
part of the object at J. This ray will be the axis 
of all the rays which fall on the lens from the 
point O, and I will be the focus where they will 
all be collected. In like manner, B C M is the 
axis of that parcel of rays which proceed from 
the extremity of the:object B, and their focus 
will be at M; and since all the points in the ob- 
ject between O and B must necessarily have their 
foci between J and Ma complete picture of the 
points from which they come will be depicted, 
ra consequently an image of the whole object 


It is obvious, from the figure, that the image 
of the object is formed in the focus of the lens in 
an inverted position. It must necessarily be in 
this position, as the rays cross at C, the center of 
the lens; and as it is impossible that the rays from 
the upper part of the object, O, can be carried by 
refraction to the upper end of the image at M. 
This is a universal principle in relation to convex 
lenses of every description, and requires to be at- 
tended to in the construction and use of all kinds 
of telescopes and microscopes. It is easily illus- 
trated by experiment. Take a convex lens of 
eight, twelve, or fifteen inches focal distance, such 
as a reading glass, or the glass belonging to a pair 
of spectacles, and holding it, at its focal distance 
from a white wall, ina line with a burning can- 
dle, the flame of the candle will be seen depicted 
on the wall in an inverted position, or turned up- 
side down. The same experiment may be per- 
formed with a window-sash, or any other bright 
object. But the most beautiful exhibition of the 
images of objects formed by convex lenses is made 
by darkening a r ~~ placing a convex lens 
of a long focal distance in a hole cut out of the 
window-shutter; w a beautiful inverted land- 
scape or picture of all the objects before the win- 
dow, will be painted on a white paper or screen 
placed in the focus of the glass. The image thus 
formed exhibits not only the proportions and co- 
lors, but also the motions of all the objects oppo- 
site the lens, forming, as it were, a living land- 
scape. This property of lenses lays the founda- 
tion of the camera obscura, an instrument to be 
afterward described. 

The following principles. in relation to images 
formed by convex lenses, may be stated: 1. That 
the image subtends the same angle at the center of 
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the glass as the object itself does. Were an eye 
placed at C, the center of the lens L N, fig. 13, it 
would see the object O B and the image JM un- 
der the same optical angle, or, in other words, 
they would appear equally large; for, whenever 
right lines intersect each other, as O J and BM, 
the opposite angles are always equal, that is, the 
angle M CI isequal to the angle OOB. 2. The 
length of the image formed by a convex lens is, to 
the length of the object, as the distance of the image 
is to the distance of the object from the lens; that is, 
MTisto OB: :asCato CA. Suppose the dis- 
tance of the object C A from the lens to be forty- 
eight inches, the length of the object O B=six- 
- teen inches, and the distance of the image from 
the lens six inches, then the length of the image 
will be found by the following proportion, 48 : 
16: :6: 2, that is, the length of the image, in 
such a case, is two inches. 3. If the object be at 
an infinite distance, the image will be formed exactly 
in the focus. 4. If the object be at the same distance 
from the lens as tts focus, the image is removed to an 
infinite distance on the opposite side; in other words, 
the rays will proceed in a parallel direction. On 
this principle, lamps on the streets are sometimes 
directed to throw a bright light along a footpath 
where it is wanted, when a large convex glass is 
placed at its focal distance from the burner; and 
on the same principle, light is thrown to a great 
distance from lighthouses, either by a very large 
convex lens of a short focal distance, or by a con- 
cave reflector. 5. If the object be at double the dis- 
tance of the focus from the glass, the image will also 
be at double the distance of the focus from the glass. 
Thus, if a lens of six inches focal distance be held 
at twelve inches’ distance from a candle, the image 
of the candle will be formed at twelve inches from 
the glass on the other side. 6. If the object be a 
little farther from the lens than its focal distance, an 
tmage will be formed at a distance from the object, 
which will be greater or smaller in proportion to the 
distance. For example, if a lens five inches focus 
be held at a little more than five inches from a 
candle, and a wall or screen at five feet six inches’ 
distance receive the image, a larye and inverted 
image of the candle will be depicted, which will 
be magnified in proportion as the distance of the 
wall from the candle exceeds the distance of the 
lens from the candle. Suppose the distance of 
the lens to be five and a half inches, then the dis- 
tance of the wall where the image is formed, be- 
ing twelve times greater, the image of the candle 
will be magnified twelve times. If M J (fig. 13) 
be considered as the object, then O B will repre- 
sent the magnified image on the wall. On this 
principle, the image of the object is formed by the 
small’ object-glass of a compound microscope. On 
the same principle, the large pictures are formed 
by the Magic Lantern and the Phantasmagoria; 
and in the same way small objects are represented 
in a magnified form on a sheet or wall by the So- 
lar microscope. 7. All convex lenses magnify the 
objects seen through them, in a greater or less degree. 
The shorter the focal distance of the lens, the 
greater is the magnifying power. A lens four 
inches focal distance will magnify objects placed 
in the focus two times in length and breadth; a 
lens two inches focus will magnify four times; a 
lens one inch focus, eight times; a lens half an 
inch focus, sixteen times, &c., supposing eight 
inches to be the least distance at which we see 
near objects distinctly. In viewing objects with 
small lenses, the object to be magnified should be 
placed exactly at the focal distance of the lens, 
and the eye at about the same distance on the 
other side of the lens. When we speak of mag- 








nifying power, as, for example, that a lens one 
inch focal distance magnifies objects eight times, 
it is to be understood of the lineal dimensions of 
the object. But as every object at which we look 
has breadth as well as length, the surface of the 
object is in reality magnified sixty-four times, or 
the ‘square of its lineal dimensions; and for the 
same reason a lens half an inch focal distance 
magnifies the surfaces of objects 256 times. 


REFLECTIONS DEDUCED FROM THE PRECEDING SUB- 
JECT. 


Such are some of the leading principles which 
require to be recognized in the construction of 
refracting telescopes, microscopes, and other diop- 
tric instruments whose performance chiefly de- 
pends on the refraction of light. . It is worthy of 
particular notice, that all the phenomena of opti- 
cal lenses now described depend upon that pecu- 
liar property which the Creator has impressed 
upon the rays of light, that, when they are refract- 
ed to a focus by a convex transparent substance, they 
depict an accurate image of the objects whence they 
proceed. This, however common, and however 
much overlooked by the bulk of mankind, is, in- 
deed, a very wonderful property with which light 
has been indued. Previous to experience, we 
could have had no conception that such an effect 
would be produced; and, in the first instance, we 
could not possibly have traced it to all its conse- 
quences. All the objects in creation might have 
been illuminated as they now are, for aught we 
know, without sending forth either direct or re- 
flected rays with the property of forming exact rep- 
resentations of the objects whence they proceed. But 
this we find to be a universal law in regard to 
light of every description, whether as emanating 
directly from the sun, or as reflected from the 
objects he illuminates, or as proceeding from, 
bodies artificially enlightened. It is a law or a 
property of light not only in our own system, buti 
throughout all the systems of the universe to. 
which mortal eyes have yet penetrated. The rays. 
from the most distant star which astronomers have 
described are indued with this property, other-- 
wise they could never have been perceived by 
means of our optical instruments; for it is by 
the pictures or images formed in these instru- 
ments that such distant objects are brought to. 
view. Without this property of light, therefore, , 
we should have had no telescopes, and, conse- 
quently, we could not have surveyed, as we can 
now do, the hills and vales, the deep caverns, the 
extensive plains, the circular ranges of mountains, 
and many other novel scenes which diversify the 
surface of our moon. We should have known 
nothing of the stupendous spots which appear on 
the surface of the sun—of the phases of Venus— 
of the satellites and belts of Jupiter—of the majes- 
tic rings of Saturn—of the existence of Uranus 
and his six moons, or of the planets Vesta, Juno, 
Ceres, and Pallas, nor could the exact bulks of any 
of these bodies have been accurately determined. 
But, above all, we should have been entirely igno- 
rant of the wonderful nhensmena of double stars 
—which demonstrate that suns revolve around 
suns-—of the thousands and millions of stars which 
crowd the profundities of the Milky Way and other 
regions of the heavens—of the thousands of nebu- 
le or starry systems which are dispersed through- 
out the immensity of the firmament, and many 
other objects of sublimity and grandeur, which 
fill the contemplative mind with admiration and 
awe, and raise its faculties to higher conceptions 
than it could otherwise have formed of the om- 
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© oc and grandeur of the Almighty Crea- 
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tor. vy 
Without this property of the rays of light, we 
should, likewise, have wanted the use of the mi- 
“ croscope, an instrument which has disclosed a 
world invisible to common eyes, and has opened 
to our view the most astonishing exhibitions of 
Divine mechanism, and of the wisdom and intel- 
ligence of the Eternal Mind. We should have 
been ignorant of those tribes of living beings, in- 
visible to the unassisted eye, which are found in 
water, vinegar, and many other fluids, many of 
which are twenty thousand times smaller than the 
least visible point, and yet display the same admi- 
rable skill and contrivance in their construction 
as are manifested in the formation of the larger 
animals. We should never have beheld the pur- 
ple tide of life, and even the globules of the blood 
rolling with swiftness through veins and arteries 
smaller than the finest hair; or had the least con- 
ception that numberless species of animated be- 
ings, so minute that a million of them are less 
than a grain of sand, could have been rendered 
visible to human eyes, or that such a number of 
vessels, fluids, movements, diversified organs of 
sensation, and such a profusion of the richest or- 
naments and the gayest colors coald have been 
concentrated in a single point. Weshould never 
have conceived that even the atmosphere is re- 
plenished with invisible animation, that the waters 
abound with countless myriads of sensitive exist- 
ence, that the whole earth is full of life, and that 
there is scarcely a tree, plant, or flower but affords 
food and shelter to a species of inhabitants pecu- 
liar to itself, which enjoy the pleasures of exist- 
ence share in the bounty of the Creator. 
‘Wee have formed no conception of the beau- 
ties and the varieties of mechanism which are dis- 
played in the scenery of that invisible world to 
which the microscope introduces us—beauties and 
varieties, in point of ornament and delicate con- 
trivance, which even surpass what is beheld in 
the visible operations and aspect of nature around 
us. We find joints, muscles, a heart, stomach, 
entrails, veins, arteries, a variety of motions, a 
diversity of forms, and a multiplicity of parts and 
functions in breathing atoms. We behold in a 
small fiber of a peacock’s feather, not more than 
‘one-eighth of an inch in length, a profusion of 
beauties no less admirable than is presented by 
the whole feather to the naked eye, a stem send- 
‘ing out multitudes of lateral branches, each of 
which emits numbers of little sprigs, which con- 
sist of a multitude of bright shining globular 
parts, adorned with a rich variety of colors. In 
the sections of plants, we see thousands and ten 
thousands of tubes and pores, and other vessels 
for the conveyance of air and juices for the sus- 
‘tenance of the plant; in some instances, more 
than ten hundred thousand of these being com- 
.pressed within the space of a quarter of an inch 
in diameter, and presenting to the eye the most 
beautiful configurations. There is not a weed, 








nor a. moss, nor the most insignificant vegetable, 
which does not show a multiplicity of vessels dis- 
posed in the most curious manner for the circula- 
tion of sap for its nourishment, and which is not 
adorned with innumerable graces for its embel- 
lishment. All these and ten thousands of other 
wonders which lie beyond the limits of natural 
vision, in this new and unexplored region of the 
universe, would have been forever concealed from 
gur view had not the Creator indued the rays of 
light with the power of depicting the images of objects, 
when refracted by convex transparent substances. 
In this instance, as well as in many others, we 
behold a specimen of the admirable and diversified 
effects which the Creator can produce from the 
agency of a single principle in nature. By means 
of optical instruments, we are now enabled to 
take a more minute and expansive view of the 
amazing operations of nature, both in heaven and 
on earth, than former generations could have sur- 
mised. These views tend to raise our conceptions 
of the attributes of that Almighty Being who pre- 
sides over all the arrangements of the material 
system, and to present them to our contemplation 
in anew, a more elevated, and expansive point 
of view. There is, therefore, a connection which 
may be traced between the apparently accidental 
principle of the rays of light forming images of 
objects and the comprehensive views we are now 
enabled to take of the character and perfections 
of the Divinity. Without the existence of the law 
er principle alluded to, we could not, in the pre- 
sent state, have formed precisely the same con- 
ceptions either of the Omnipotence, or of the 
wisdom and intelligence of the Almighty. Had 
no microscope ever been invented, the idea never 
could have entered into the mind of man that 
worlds of living beings exist beyond the range of 
natural vision, that organized beings, possessed 
of animation, exist, whose whole bulk is less than 
the ten hundred thousandth part of the smallest 
grain of sand; that, descending from a visible 
point to thousands of degrees beyond it, an invisi- 
ble world exists, peopled with tribes of every form 
and size, the extent of which, and how far it 
verges toward infinity downward, mortals have 
never yet explored, and perhaps will never be 
able to comprehend. This circumstance alone 
presents before us the perfections of the Divinity 
in a new aspect, and plainly intimates that it is 
the will and the intention of the Deity that we 
should explore his works, and investigate the 
laws by which the material world is regulated, 
that we may acquire more expansive views of his 
character and operations. The inventions of 





man, in relation to art and science, are not, there- 
fore, to be considered as mere accidental occur- 
rences, but as special arrangements in the Divine 
government, for the purpose of carrying forward 
the human mind to more clear and ample views 
of the scenes of the universe, and of the attributes 
and the agency of Him “who is wonderful in 
counsel and excellent in working ” 
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ON THE REFLECTION, OF LIGHT. 


Tur reflection of the rays of light is that pro- 
petty by which, after approaching the surfaces 
of bodies, they are thrown back, or repelled. It 
is in consequence of this property that all the 
objects around us, and all the diversified land- 
scapes on our globe are rendered visible. It is by 
light reflected from their surfaces that we per- 
ceive the planetary bodies and their satellites, the 
belts of Jupiter, the rings of Saturn, the various 
objects which diversify the surface of the Moon, 
and all the bodies in the universe which have no 
light of their own. When the rays of light fall 
upon rough and uneven surfaces, they are reflect- 
ed very irregularly, and scattered in all directions, 
in consequence of which thousands of eyes, at 
the same time, may perceive the same objects, 
in all their peculiar colors, aspects and relations. 
But when they fall upon certain smooth and 
polished surfaces, they are reflected with regular- 
ity, and according to certain laws. Such. sur- 
faces, when highly polished, are called Mirrors or 
Speculums; and it is to the reflection of light 
from such surfaces, and the effects it produces, 
that I am now to direct the attention of the 
reader. 

Mirrors, or specula, may be distinguished into 
three kinds, plane, concave, and convex, according 
as they are bounded by plane or spherical sur- 
faces. ‘These are made either of metal or of glass, 
and have their surfaces highly polished for the 
purpose of reflecting the greatest number of rays. 
Those made of glass are foliated or quicksilvered 
on one side; and the metallic specula are general- 
ly formed of a composition of different metallic 
substances, which, when accurately polished, is 
found to reflect the greatest quantity of light.— 
I shall, in the first place, illustrate the phenomena 
of reflection produced by plane mirrors. 

When light impinges, or falls, upon a polished 
flat surface, rather more than the half of it is re- 
flected, or thrown back in a direction similar to 
that of its approach; that is to say, if it fall per- 
pendicularly on the polished surface, it will be 
perpendicularly reflected, but if it fall obliquely, it 
will be reflected with the same obliquity. Hence, 
the following fundamental law regarding the re- 
flection of light has been deduced both from ex- 
periment and mathematical demonstration, namely, 
that the angle of reflection is, in all cases, exactly 
equal to the angle of incidence. ‘This is a law 
which is universal in all cases of reflection, 
whether it be from plane or spherical surfaces, or 
whether these surfaces be concave or convex, and 
which requires to be recognized in the construc- 
tion of all instruments which depend on the re- 
flection of the rays of light. The following figure 
(fig. 14) will illustrate the position now stated: 

Let A B represent a plane mirror, and C D 
aline or ray of light perpendicular to it. Let 
F D represent the incident ray from any object, 
then D E will be the reflected ray, thrown back 
in the direction from D to £, and it will make, 
with the perpendicular C D, the same angle which 
the incident ray F D did with the same perpen- 
dicular; that is, the angle F D C will be equal 
to the angle E D C, in all cases of obliquity. 





The incident ray of light may be considered as 
rebounding frem the mirror, like a tennis ball 
from a marble pavement, or the wall of a court. 


Fig. 14. 
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In viewing objects by reflection, we see them 
in a different direction from that in which they 
really are, namely, along the line in which the 
rays come to us last. Thus, if A B (fig. 15) 
represent a plane mirror, the image of an object, 
C, appears to the eye at ZH, behind the mirror, in 
the direction EZ G, and always in the a 
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G of the perpendicular C G, and the reflected 
ray E G; and, consequently, at G as far behind 
the mirror as the object C is before it. We there- 
fore see the image in the line & G, the direction 
in which the reflected rays proceed. A plane 
mirror does not alter the figure or size of objects; 
but the whole image is equal and similar to the 
whole object, and has a like situation with respect 
to ene side of the plane, that the object has 
with respect to the other. 

Mr. Walker illustrates the manner in which 
we see our faces in a mirror by the following fig- 
ure (16) a B represents a mirror, and 0c a person 
looking into it. If we conceive a ray proceeding 
from the forehead c x, it will be sent to the eye at 
o, agreeably to the angle of incidence and reflec- 
tion. But the mind puts cE o into one line, and 
the forehead is seen at H, as if the lines cm o had 
turned on a hinge at E. It seems a wonderful 
faculty of the mind to put the two, oblique lines 
cEand 0 & into one straight line o u, yet it is 
seen every time we look at amirror. For the ray 


‘has really travelled from ¢ to £, and from x to o, 


and it is that journey which determines the dis- 
tance of the object; and hence we seo ourselves 
as far beyond the mirror as we stand from it.— 
Though a ray is here taken only from one part 
of the face, it may bo easily conceived that rays 
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_ from every part of the face must produce a simi- 
dar effect. : : 
In every plane mirror the image is always 
equal to the object, at what distance soever it may 


Fig. 16. 





be placed; and, as the mirror is only at half the 
distance of the, image from the eye, it will com- 
pletely receive an image of twice its own length. 
Hence, a man six feet high may view himself 
completely in a looking-glass of three feet in 
lengthand half his own breadth; and this will be 
the case at wnatever distance he may stand from 
the glass. Thus, the man A C (fig. 17) will see 


Fig. 17. 








the whole of his own image in the glass a B, 
which is but one half as large as himself. The 
rays from the head pass to the mirror in the line 
AA, perpendicular to the mirror, and are return- 
ed to ths eye in the same line; consequently, 
having traveled twice the length A a, the man 
must see his head at B. “From his feet, C, rays 
will be sent to the bottom of the or, at B; 
these will be reflected at an equal angle to the 
eye in the direction B A, as if they had proceeded 
in the direction DB A, so that the man will see 
his foot at D, and, consequently, his whole figure 
at BD. 

A person, when looking into a mirror, will 
always see his own image as far beyond the mir- 
ror as he is before it; and as he moves to or from 
it, the image will, at the same time move toward 
or from him on the other side, but apparently 
with a double velocity, because the two motions 
are equal and contrary. In like manner, if, while 
the spectator is at rest, an object be in métion, its 
image behind the mirror will be seen to move at 
the same time. And if the spectator moves, the 
images of objects that are at rest will appear to 
approach or recede from him, after the same 
manner as when he moves toward real objects; 
plane mirrors reflecting not only the object, but 
the distance also, and that exactly in its natural 
dimensions. The following principle is sufficient 
for explaining most of the phenomena. seen ina 

_ plane mirror, namely: That the image of an object 
seen in a plane mirror is always in a perpendicular 
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to the mirror joining the object and the image, and 
that the image is as much on one side the mirror as 
the object is on the other. 


REFLECTION BY CONVEX AND CONCAVE MIRRORS. 


Both convex and concave mirrors are formed 
of portions of a sphere. A convex speculum is 

round and polished in a concave dish or tool 

hich is a portion of a sphere, and a concave 
speculum is ground upon a convex tool. The 
inner surface of a sphere brings parallel rays to a 
focus at one-fourth of its diameter, as represented 
in the following figure, where C is the center of 
the sphere on which the concave speculum A B 
is formed, and F' the focus where parallel rays 
from a distant object would be united after reflec- 
tion, that is, at one-half the radius, or one-fourth 


Fig. 18. 





of the diameter from the surface of the speculum. 
Were a speculum of this kind presented to the 
sun, F would be the point where the reflected 
rays would be converged to a focus, and set fire 
to combustible substances if the speculum be of a 
large diameter, and of a short focal distance.— 
Were a candle placed in that focus, its light would 
be reflected parallel, as represented in the figure. 
These are properties of concave specula which re- 
quire to be particularly attended to in the construe- 
tion of reflecting telescopes. It follows, from what 
has been now stated, that if we intend to form a 
speculum of acertain focal distance, for example, 
two feet, it is necessary that it should be ground 
upon a tool whose radius is double that distance, 
or four feet. . 


PROPERTIES OF CONVEX MIRRORS. 


From a convex surface, parallel rays, when re- 
flected, are made to diverge: convergent rays are 
reflected less convergent; and divergent rays are 
rendered more divergent. It is the nature of all 
convex mirrors and surfaces to scatter or disperse 
the rays of light, and in every instance to impede 
their convergence. The following figure shows 
the course of parallel rays as reflected from a 
convex mirror. A E B is the convex surface of 
the mirror, and K A, J E, L B parallel rays falling 
upon it. These rays, when they strike the mirror, 
are made to diverge in the direction A G, B H, 
&c., and both the parallel and divergent rays are 
here represented as they appear in a dark chamber 
when a convex mirror is presented to the solar 
rays. The dotted lines denote only the course or 
tendency of the reflected rays toward the virtual 
focus I’, were they not intercepted by the mirror. 
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This virtual focus is just equal to half the radius | true focus of the mirror; and, since the sunbeams 


The following are some of the properties of 
convex mirrors: 1. The image appears always 
- erect, and behind the reflecting surface. 2. The 
image is smaller than the object, and the diminution 
is greater in proportion as the object is farther 
from the mirror; but if the object touch the mir- 


Fig. 19. 








ror, the image at the point of contact is of the 
same size as the object, 3. The image does not 
appear so far behind the reflecting surface as in a 
plane mirror. 4. The image of a straight object, 
placed either parallel or oblique to the mirror, is 
seen curved in the mirror, because the different 
points of the object are not all at an equal dis- 
tance from the surface of the mirror. 5. Concave 
mirrors have a real focus where an image is 
actually formed; but convex specula have only a 


virtual focus, and this focus is behind the mirror, 


no image of any object being formed before it. 

The following are some of the purposes to which 
convex mirrors are applied: They are frequently 
employed by painters for reducing the proportions of 
the objects they wish to represent, as the images 
of objects diminish in proportion to the smallness 
of the radius of convexity, and to the distances 
of objects from the surface of the mirror. They 
form a fashionable part of modern furniture, as 
they exhibit a large company assembled ina room, 
with all the furniture it contains, in a very small 
compass, so that a large hall, with all its objects, 
and even an extensive landscape, being reduced 
in size, may be seen from one point of view. They 
are likewise used as the small specula of those 
reflecting telescopes which are fitted up on the 
Cassegrainian plan, and in the construction of 
Smith’s Reflecting Microscope. But, on the whole, 
they are very little used in the construction of 
optical instruments. ¢ 


PROPERTIES OF CONCAVE SPECULUMS. 


Concave specula have properties very different 
from those which are convex; they are of more 
importance in the construction of reflecting tele- 
scopes and other optical instruments, and there- 
fore require more minute description and illustra- 
tion. Concave mirrors cause parallel rays to 
converge; they increase the convergence of rays 
that are already converging; they diminish the 
divergence of diverging rays, and in some cases 
render them parallel, and even convergent; which 
effects are all in proportion to the concavity of the 
mirror. The following figures show the course 
of diverging and parallel rays as reflected from 
concave mirrors. 

Fig. 20 represents the course of parallel rays, 
and A B the concave mirror on which they fall. 
In this case they are reflected so as to unite at F, 
which point is distant from its surface one-fourth 
of the diameter of the sphere of the mirror. This 
point is called the focus of parallel rays, or the 





are parallel among themselves, if they are received 
on a concave mirror, they will be reflected to that 
point, and there burn in proportion to the quantity 


Fig. 20. 
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of rays collected by the mirror. Fig. 21 shows 
the direction of diverging rays, or those which 
proceed from a near object. ‘These rays proceed- 
ing from an object farther from the mirror than 
the true focal point, as from D to A and to B, are 
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reflected converging, and meet at a point F, far- 
ther from the mirror than the focal point of parallel 
rays. If the distance of the radiant, or object D, 
be equal to the radius C E, then will the focal 
distance be likewise equal to the radius; that is, if 
an object be placed in the center of a concave 
speculum, the image will be reflected upon the 
object, or they will seem to meet and embrace each 
other in the center. If the distance of the radiant 
be equal to half the radius, its image will be re- 
flected to an infinite distance, for the rays will 
then be parallel. If, therefore, a luminous body 
be placed at half the radius from a concave specu- 
lum, it will enlighten places directly before it at 
great distances. Hence their use when placed be- 
hind a candle ina common lantern; hence their 
utility in throwing light upon objects in the Magic 
Lantern and Phantasmagoria; and hence the vast 
importanee of very large mirrors of this descrip- 
tion, as now used in most of our lighthouses, for 
throwing a brilliant light to great distances at'sea, 
to guide the mariner when directing his course 
under the cloud of night. 

When converging rays fall upon a concave 
mirror, they are reflected more converging, and 
unite at a point between the focus of parallel rays 
and the mirror; that is, nearer the mirror than one- 
half the radius; and their precise degree of con- 
vergency will be greater than that wherein they 
converged before reflection. 


OF THE IMAGES FORMED BY GONCAVE MIRRORS. 


If rays proceeding from a distant object fall 
upon a concave speculum, they will paint an image 
or representation of the object on its focus before 
the mirror. This image will be inverted, because 
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the rays cross at the points where the image is 
formed. We have already seen, that a’ convex 
glass forms an image of an object behind it; the 
rays of light from objects pass through the glass, 
and the picture is formed on the side farthest from 
the object. But in concaye mirrors the images of 
distant objects—and of all objects that are farther 
from its surface than its principal focus—are 
formed before the mirror, or on the same side as! 
the object. In almost every other respect, how- 
ever, the effect of a concave mirror is the same as 
that of a convex lens, in regard to the formation 
of images, and the course pursued by the rays of 
light, except that the effect is produced in the one 
case by refraction, and in the other by reflection. 
The following figure represents the manner in 


Fig. 22. 





which images are formed by concave mirrors; 
G F represents the reflecting surface of the mir- 
ror; O A B, the object; and Za M the image 
formed by the mirror. The rays proceeding from 
O will be carried to the mirror in the direction 
O G, and, according to the law that the angle of 
incidence is equal to the angle of reflection, will 
be reflected to I in the direction GJ. In like 
manner, the rays from B will be reflected from F 
to M, the rays from A will be reflected to a, and 
so of all the intermediate rays, so that an inverted 
image of the object O B will be formed at J M. 
If the rays proceeded from objects at avery great 
distance, the image would be formed in the real 
focus of the mirror, or at one-fourth the diameter 
of the sphere from its surface; but nearer objects, 
which send forth diverging rays, will have their 
images formed a little farther from the surface of 
the mirror. 

If we suppose a real object placed at J M, then 





OB will represent its magnified image, which 
will be larger than the object in proportion to its 
distance from the mirror. This may be experi- 
mentally illustrated by a concave mirror and a 
candle. Suppose a concave mirror whose focal 
distance is five inches, and that a candle is placed 
before it at a little beyond its focus (as at J M), 
suppose at five and a half inches, and that a wall 
or white screen receives the image, at the distance 
of five feet six inches from the mirror, an image 
of the candle will be formed on the wall which 
will be twelve times longer and, broader than the 
candle itself. In this way concave mirrors may 
be made to magnify the images of objects to an 
indefinite extent. This experiment is an exact 
counterpart of what is effected in similar cireum- 
stances by a convex lens, as described p. 29; the 
mirror performing the same thing by reflection as 
the lens did by refraction. 

From what has been stated in relation to con- 
cave mirrors, it will be easily understood how they 
make such powerful burning-glasses, Suppose 
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the focal distance of a concave mirror to be twelve 
inches, and its diameter or breadth twelve inches. 
When the sun’s rays fall on such a mirror, they 
form an image of the sun at the focal point, whose 
diameter is found to be about one-tenth of an 
inch. All the rays which fall upon the mirror are 
converged into this small point, and, consequently, 
their intensity is in proportion as the square of 
the surface of the mirror is to the square of the 
image. ‘The squares of these diameters are as 
14,400 to 1, and, consequently, the density of the 
sun’s rays, in the focus, is to their density on the 
surface of the mirror as 14,400 to1. That is, the 
heat of the solar rays in the foeus of such a mir- 
ror will be fourteen thousand four hundred times 
greater than before: a heat which is capable of 
producing very powerful effects in melting and 
setting fire to substances of almost every descrip- 
tion. 

Were we desirous of forming an image by a 
concave speculum which shall be exactly equal to 
the object, the object must be placed exactly in 
the center; and, by an experiment of this kind, 
the center of the concavity of a mirror may be 
found. 

In the cases now stated, the images of objects 
are all formed in the front of the mirror, or be- 
tween it and the object. But there is a-case in 
which the image is formed behind the mirror. 
This happens when the object is placed between 
the mirror and the focus of parallel rays, and then 
the image is larger than the object. In fig. 23, 
G F is a concave mirror, whose focus of parallel 
rays isat EH. If an object O B be placed a little 


within this focus, as at A, a large image, J M, will 


Fig. 23. 
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be seen behind the mirror, somewhat curved and 
erect, which will be seen by an eye looking directly 
into the front of the mirror. Here the image ap- 


Fig. 24. 





pears at a greater distance behind the mirror than 
the object is before it, and the object appears mag- 
nified in proportion to its distanée from the focus 
and the mirror. If the mirror be one inch focal 
distance, and the object be placed eight-tenths of 
an inch from its surface, the image would be five 
times as large as the object in length and breadth, 
and, consequently, twenty-five times larger in 
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surface. In this way small objects may be mag- 
nified by reflection, as such objects are magnified 
by refraction, in the case of deep convex lenses. 
When such mirrors are large, for example six 
inches diameter, and eight or ten inches focal dis- 
tance, they exhibit the human face as of an enor- 
mous bulk. This is illustrated by the foregoing 
figure: Let on, fig. 24, represent the surface of 
a concave mirror, and A,a human face looking 
into it, the face will appear magnified as repre- 
sented by the image behind the mirror, p.q@. Sup- 
pose a ray, ac, proceeding from the forehead, and 
another, m nN, from the chin; these rays are reflect- 
ed to'the person’s eye at 0, which, consequently, 
sees the image of the lines of reflection 0 p, 0 q, 
and in the angle p oq, and, consequently, mag- 
nified much beyond the natural size, and at a 
small distance behind the mirror. 

If we suppose the side ru to represent a convex 
mirror, and the figure p@a_ head of an ordinary 
size, then the figure A will represent the dimin- 
ished appearance which a person’s face exhibits 
when yiewed in such a mirror. It will not only 
appear reduced, but‘somewhat distorted; because, 
from the form of the mirror, one part of the ob- 
ject is nearer to it than another, and, consequent- 
ly, will be reflected under a different angle. 

The effect we have now mentioned as produced 
by concave mirrors will only take place when the 
eye is nearer the mirror than its principal focus. 
If the spectator retire beyond this focus—suppose 
to the distance of five or six feet—he will not see 
the image behind the mirror, but he will see his 
image in a diminished form, hanging upside down, 
and suspended in the air, in a line between his eye 
and the mirror. In this case, his image is formed 
before the mirror, as represented at J M, fig. 22. 
In this situation, if you hold out your hand to- 
ward the mirror, the hand of the image will come 
out toward your hand, and, when at the center 
of concavity, it will be of an equal size with it, 
and you may shake hands with this aerial image. 
If you move your hand farther, you will find the 
hand of the image pass by your hand, and come 
between it and your body. If you move your 
hand toward either side, the hand of the image will 
move toward the other side; the image moving 
always in a contrary direction to the object. All 
this while the bystanders, if any, see nothing of 
the image, because none of the reflected rays that 
form it can enter their eyes. The following fig- 
ure represents a phenomenon produced in the same 
manner. AB isa concave mirror of a large size; 
c represents a hand presented before the mirror, 
at a point farther distant than its focus. In this case 
an inverted image of the hand is formed, which 
is seen hanging down in the air atm. ‘The rays 
cand p go diverging from the two opposite points 
of the object, and, by the action of the mirror, 
they are again made to converge to points at o 
ands, where they cross, form an image, and again 
proceed divergent to the eye.* 

In consequence of the properties of concave 
mirrors now described, many curious experiments 
and optical deceptions have been exhibited. The 





* Small glass mirrors for performing some of the experi- 
ments, and illustrating some of the principles above alluded 
to, may be made of the flattest kind of common watch glass- 
es, by foliating or covering with tin leaf and quicksilver the 
convex surfaces of such glasses. Their focal distances will 
generally be from one to two inches, Such mirrors afford a 
very large and beautiful view of the eye, when held within 
their focal distance of that organ. Such mirrors will also 
serve the purpose of reflecting light on the objects viewed 
by microscopes. Larger mirrors, of from four to eight inches 
diameter, may be had of the optician at different prices, va- 
rying fiom five to ten or fifteen shillings. 
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appearance of images in the air, suspended be- 
tween the mirror and the object, have sometimes 
been displayed with such dexterity, and anair of 
mystery, as to have struck with astonishment 
those who were ignorant of the cause. In this 
way birds, flying angels, specters, and other ob- 
jects have been exhibited; and when the hand at- 
tempts to lay hold on them, it finds them to be 
nothing, and they seem to vanish into air. An 
apple or a beautiful flower is presented, and when 
a spectator attempts to touch it, it instantly van- 
ishes, and @ death’s head immediately appears, and 


Fig. 25.. 





seems to snap his fingers. A person with adrawn 
sword appears before him, in an attitude as if 
about to run him through, or one terrific phantom 
starts up after another, or sometimes the resem- 
blances of deceased persons are made to appear, 
as if, by the art of conjuration, they had been 
forced to return from the world of spirits. In all 
such exhibitions a very large concave mirror is 
requisite, a brilliant light must be thrown upon 
the objects, and every arrangement is made, by 
means of partitions, &c., to prevent either the 
light, the mirror, or the object from being seen by 
the spectattrs. The following representation (fig. 
26) shows one of the methods by which this is 
effected: a is a large concave mirror, either of 
metal or of glass, placed on the back part of a 
dark box; p is the performer, concealed from the 
spectators by the cross partition c; E isa strong 
light, which is likewise concealed by the partition 
1, which is thrown upon the actor D or upon any- 
thing he may hold inhis hand. If he hold a book, 
as represented in the figure, the light reflected 
from it will pass between the partitions c and 1 to 
the mirror, and will be reflected from thence to z, 
where the image of the book will appear so dis- 
tinct and tangible, that a spectator looking through 
the opening at x will imagine that it is in his 
power to take hold of it. In like manner, the 


Fig. 26. 





person situated at p may exhibit his own head or 
body, a portrait, a painting, a specter, a landscape, 
or any object or device which he can strongly 
illuminate. 
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There is another experiment, made with a con- 
cave mirror, which has somewhat puzzled philo- 
sophers to account for the phenomena. Take a 
glass bottle, A C (fig. 27), and fill it with water 
to the point B; leave the upper part, B C, empty, 
and cork it in the common manner, Place this. 


Fig. 27. 





bottle opposite a concave mirror, and beyond its 
focus, that it may appear reversed, and before the 
mirror place yourself still farther distant from 
the bottle, and it will appear in the situation a B 
c. Now it is remarkable, in this apparent bottle, 
that the water, which, according to the s of 
catoptrics, should appear at a B, appears, on the 
contrary, at Bc, and, consequently, the part a B 
appears empty. if the bottle be inverted and 
placed before the mirror, its image will appear in 
its natural erect position, and the water, which is 
in reality at BC (fig. 28), isseen ata. If, while 


Fig. 28. 





the bottle is inverted, it be uncorked, and the wa- 
ter run gently out, it will appear that, while the 
part, B C is emptying, that of a B in the image is 
filling, and, what is remarkable, as soon as the 
bottle is empty the illusion ceases, the image also 
appearing entirely empty. ‘The remarkable cir- 
cumstances in this experiment are, first, not only 
to see the object where it is not, but also where 
its image is not; and, secondly, that of two objects 
which are really in the same place, as the surface 
of the bottle and the water it contains, the one is 
seen at one place, and the other at another; and 
to see the bottle in the place of its image, and the 
water where neither it nor its image is. 

The following experiments are stated by Mr. 
Ferguson, ia hs « Lectirs on Select Subjects,” 
&ec.: “If a fire be made ina large room, and a 
smooth mahogany table be placed at a good dis- 
tance near the wall, before a large concave mirror, 
so placed that the light of the fire may be reflec- 
ted from the mirror to its focus upon the table; 
if a person stand by the table, he will see nothing 
upon it but a longish beam of light: but if he stand 
at a distance toward the fire, not directly between 
the fire and mirror, he will see an image of the fire 
upon the table, large and erect. And if another 
person, who knows nothing of the matter before - 
hand, should chance to come into the room, and 
should look from the fire toward the table, he 
would be startled at the appearance, for the table 
would seem to be on fire, and by being near the 
wainscot, to endanger the whole house, In this 
experiment there should be no light in the room 
but what procceds from the fire, and the mirror 
ought to be at least fifteen inches in diameter. If 
the fire be darkened by a screen, and a large can- 
dle be placed at the back of the screen, a person 
standing by the candle will see the appearance of 
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a very fine large star, or, rather, planet, upon the 
table, as bright as Venus or Jupiter. And if a 
small wax taper—whose flame is much less than 
the flame of the candle—be placed near the can- 
dle, a satellite to the planet will appear on the 
table; and if the taper be moved round the candle, 
the satellite will go round the planet.” ‘ 
Many other illustrations of the effects of con- 
cave specula might have been given, but. I shall 
conclude this department by briefly stating some 
of the general properties of speculums. i, 
1. There is a great resemblance between the 
properties of convex lenses and concave mirrors. 
They both form an inyerted focal image of any 
remote object, by the convergence of the pencil 
of rays. In those instruments whose perform- 
ances are the effects of reflection, as reflecting 
telescopes, the concave mirror is substituted in 
the place of the convex lens. The whole effect 
of these instruments, in bringing to view remote 
objects in heaven and on earth, entirely depends 
on the property of a concave mirror in forming 
images of objects in its focus. 2. The image of 
an object placed beyond the center is less than the 
object; if the object be placed between the prin- 
cipal focus and the center, the image is greater 
than the object. In both cases the image is in- 
verted. 3. When the object is d between 
the focus and the mirror, the image situated be- 
hind the mirror is greater than ti ebject: and it 
has the same direction; in proportionas the object 
approaches the focus, the image becomes larger 
andmore distant. These and similar results are 
proved by placing a lighted candle at different 
distances from a concave mirror. 4. Aneyecan- 
not see an image in the air except it be placed in 
the diverging rays; but if the image be received 
on a piece of white paper, it may be seen in any 
position of the eye, as the rays are then reflected 
in every direction. 95. If a picture, drawn accer- 
ding to the rules of perspective, be placed before 
a large concave speculum, a little nearer than its 
principal focus, the image of the picture will ap- 
pear extremely natural, and very nearly like the 
real objects whence it was taken. Not only are 
the objects considerably magnified, so as to ap- 
proach to their natural size, but they have also 
different apparent distances, as in nature, so that 
the view of the inside of a church appears very 
like what it is in reality, and representations of 
landscapes appear very nearly as they do from the 
spot whence they were taken. In this respect a 
large concave speculum may be made to serve 
nearly the same purpose as the Optical Diagonal 
Machine in viewing perspective prints. 6. The 
concave speculum is that alone which is uséd ag 
the gre irror which forms the first image in 
reflecting telescopes; and it is likewise the only 
kind of speculum used as the small mirror, in 
that construction of the instrument called the 
Gregorian Reflector. : 


QUANTITY OF LIGHT REFLECTED BY POLISHED suR- - 
FACES. 


As this is a circumstance connected with the 
construction of reflecting telescopes, it may not 
be improper, in this place, to state some of the 
results of the accurate experiments of M. Bou- 
guer on this subject. This philosopher ascertained 
that of the light reflected from mercury, or quick- 
silver, more than one-fourth is lost, though it is 
probable that no substance reflects more light than 
this. The rays were received at an angle of 
eleven anda half degrees of incidence, measured 
from the surface of the reflecting body, and not 
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from the perpendicular. The reflection from 
water was found to be almost as great as that of 
quicksilver; so that in very small angles it re- 
flects nearly three-fourths of the direct light. 
This is the reason why so strong a. reflection ap- 
pears on the water, when one walks, in still 
weather, on the brink of a lake opposite to the 
sun. The direct light of the sun diminishes 
gradually as it approaches the horizon, while the 
reflected light at the same_time grows stronger; 
so that there is a certain elevation of the sun in 
which the united force of the direct and reflected 
light will be the greatest possible, and this is when 
he is twelve or thirteen degrees in altitude. On 
the other hand, light reflected from water at great 
angles of incidence is extremely small. When 
the light was perpendicular, it reflected no more 
than the thirty-seventh part which mercury does 
in the same circumstances, and only the fifty-fifth 
part of what fell upon it in this case. 

Using a smooth piece of glass, one line in thick- 
ness, he found that, when it rosimecre at an an- 
gle of fifteen degrees with the incident rays, it 
reflected 628 parts of 1000 which fell upon it; at 
the same time, a metallic mirror, which he tried 
in the same circumstances, reflecting only 561 of 
them. Ata less angle of incidence much more 
light was vellgaieds so that at an angle of three 
degrees the glass reflected 700 parts, and the metal 
something less, as in the former case. The most 
striking observations made by this experimenter 
relate to the very great difference in the quantity 
of light reflected at different angles of incidence. 
He found that for 1000 incident rays, the reflected 
rays at different angles of incidence, were as fol- 
lows: 


Angles of Rays reflected Rays reflected 
incidence. by water. by glass. 
5° 501 549 
10 333 412 
15 211 299 
30 65 112 
50 22 34 
70 18 25 
90 18 29 


With regard to such mirrors as the specula of 
reflecting telescopes, it will be found in general, 
that they reflect little more than the one-half of 
the rays which fall upon them. 


UNCOMMON APPEARANCES IN NATURE PRODUCED BY 
THE COMBINED INFLUENCES OF REFLECTION AND 
REFRACTION. 


The reflection and refraction of the rays of 
light frequently produce phenomena which as- 
tonish the beholders, and which have been regarded 
by the ignorant and the superstitious as the effects 
of supernatural agency. Of these phenomena I 
shall state a few examples. 

One of the most striking appearances of this 
kind is what has been termed the Fata Morgana, 
or optical appearances of figures in the sea and 
the air, as seen in the Faro of Messina The 
following account is translated from a work of 
Minasi, who witnessed the phenomenon, and wrote 
a dissertation on the subject: “When the rising 
sun shines from that point whence its incident 
ray forms an angle of about forty-five degrees to 
the sea of Riggio, and the bright surface of the 
water in the bay is not disturbed either by the 
wind or the current, the spectator being placed on 
an eminence of the city, with his back to the sun 
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and his face to the sea; on a sudden there appeur 
on the water, as in a catoptric theater, various 
multiplied objects, that is to say, numberless series 
of pilasters, arches, castles well delineated, regular 
columns, lofty towers, superb palaces, with balco- 
nies and windows, extended alleys of trees, de- 
lightful plains with herds and flocks, armies of 
men on foot and horseback, and many other strange 
images, in their natural colors and proper actions, 
passing rapidly in succession along the surface of 
the sea, during the whole of the short period of 
time, while the above-mentioned causes remain. 
But if, in addition to the circumstances now 
described, the atmosphere be highly impregnated 
with vapor and dense exhalations, not previously 
dispersed by the winds or the sun, it then happens- 
that, in this vapor, as in a curtain extended along 
the channel at the hight of about thirty palms, 
and nearly down to the sea, the observer will be- 
hold the scene of the same objects, not only 
reflected from the surface of the sea, but likewise 
in the air, though not so distant or well-defined as 
the former objects from the sea. Lastly, if the air 
be slightly hazy or opaque, and, at the same time, 
dewy and adapted to form the iris, the then above- 
mentioned objects will appear only at the surface 
of the sea, as in the, first case, but all vividly 
colored or fringed with red, green, blue, and other 
prismatic colors.’’* 

It is somewhat difficult to account for all the 
appearances here described, but, in all probability, 
they are produced bya calm sea, and one or more 
strata of superincumbeut air, differing in refrac- 
tive, and, consequently, in reflective power. At 
any rate, reflection and refraction are some of the 
essential causes which operate in the production 
of the phenomena. 

The Mirage, seen in the deserts of Africa, is a 
phenomenon, in all probability, produced by a 
similar cause. M. Monge, who accompanied the 
French army to Egypt, relates that, when in the 
desert between Alexandria and Cairo, the mirage 
of the blue sky was inverted, and so mingled with 
the sand below as to give to the desolate and arid 
wilderness an appearance of the most rich and 
beautiful country. They saw, in all directions, 
green islands, surrounded with extensive lakes of 
pure, transparent water. Nothing could be con- 
ceived more lovely and picturesque than the land- 
scape. In the tranquil surface of the lakes, the 
trees and houses with which the islands were 
covered were strongly reflected with vivid and 
varied hues, and the party hastened forward to en- 
joy the cool refreshments of hee and stream 
which these populous villages proffered to them. 
When they arrived, the lake on whose bosom they 
floated, the trees among whose foliage they were 
embowered, and the people who stood on the shore 
inviting their approach, had all vanished, and no- 
thing remained but a uniform and irksome desert 
of sand and sky, with a few naked huts and rag- 
ged Arabs. Had they not been undeceived by 
their nearer approach, there was not a man in the 
French army who would not have sworn that the 
visionary trees and lakes had a real existence in 
the midst of the desert. 

Dr. Clark observed precisely the same appear- 
ance at Rosetta. The city seemed surrounded 
with a beautiful sheet of water; and so certain 
was his Greek interpreter—who was unacquainted 
with the country—of this fact, that he was quite 
indignant at an Arab who attempted to explain to 
him that it was a mere opticaldelusion. Atlength 





* Nicholson’s Journal of Natural Philosophy, &c., 4to 
series, p. 225. 
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they reached Rosetta in about two hours, without 
meeting with any water; 


Fig. 29. 


and-on looking back on 
the sand they had just 
crossed, it seemed to them 
as if they had waded 
through a vast blue lake. 

On the Ist of August, 
1798, Dr. Vince observed 
at Ramsgate a ship which 
appeared as at A (fig. 29), 
the topmast being the on- 
ly part of it that was seen 
above the horizon. An 
inverted image of it was 
seen at B, immediately 
above the real ship a, and 
an erect image at o, both 
of them being complete 


was distinctly seen be- 
tween them, asat v w. 
As the ship rosé to the 
horizon, the image c gra- 
dually disappeared, and, 
while this was going on, 
a the image zB descended, 
but the mainmast of zB didnot meet the mainmast 
of a. The two images, B c, were perfectly visible 
when the whole ship was actually below the hori- 
zon. Dr. Vince then directed his telescope to 
another ship whose hull was just in the horizon, 
and he observed a complete inverted image of it, 
the mainmast of which just touched the main- 
mast of the ship itself. He saw at the same time 
several other ships whose images appeared in 
nearly a similar manner, in one of which the two 
images were visible when the whole ship was be- 
neath the horizon. These phenomena must have 
been produced by the same cause which operated 
in the case formerly mentioned, in relation to 
Capt. Scoresby, when he saw the figure of his 
father’s ship inverted in the distant horizon. Such 
cases are, perhaps, not uncommon, especially in 
calm and sultry weather, but they are seldom ob- 
served, except when a person’s attention is acci- 
dentally directed to the phenomenon, and, unless 
he uses a telescope, it will not be so distinctly per- 
ceived. 

The following phenomenon, of a description 
nearly related to the above, has been supposed to 
be chiefly owing to reflection: On the 18th of 
November, 1804, Dr. Buchan, when watching the 
rising sun, sla amile to the east of Brighton, 
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just as the solar dise emerged from the surface of 
the water, saw the face of the cliff on which he 
was standing, a windmill, his own figure, and the 
figure of his friend, distinctly represented, pre- 
cisely opposite, at some distance from the ocean. 
This appearance lasted about ten minutes, until the 
sun had risen nearly his own diameter above the 
sea. ‘The whole then seemed to be elevated into the 
air, and successively disappeared. ‘The surface of 
the sun was covered with a dense fog of many 
yards in hight, which gradually receded from the 
rays of the sun as he ascended from the horizon. 
The following appearance, most probably, arose 
chiefly from the reflection of the atmosphere: It 
was beheld at Ramsgate by Dr. Vince, of Cam- 
bridge, and another gentleman. It is well known 
that the four turrets of Dover Castle are seen at 
Ramsgate, over a hill which intervenes. between 
a full prospect of the whole. On the 2d of August, 
1806, not only were the four turrets visible, but the 
castle itself appeared as though situated on that 
side of the hill nearest Ramsgate, and so striking 


was the appearance that for a long time the doc-’ 
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and well-defined. The sea’ 
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tor thought it an illusion; but at last by accurate 
observation, was convinced that it was an actual 
image of the castle. He, with another individual, 
observed it attentively for twenty minutes, but were 
prevented by rain from making further observa- 
tions. Between the observers and the land from 
which the hill rises there were about six miles of 
sea, and from thence to the top of the hill there 
was about the same distance; their own hight 
above the surface of the water was about seventy 
feet. The cause of this phenomenon was un- 
doubtedly unequal refraction. The air being more 
dense near the ground and above the sea than at 
greater hights, reached the eyé of the observer, 
not in straight but in curvilinear lines. If the 
rays of the castle had in their path struck an eye 
at a much greater distance than Ramsgate, the 
probability is that the image of the castle would 
have been inverted in the air; but,in the present 
case, the rays from the turret and the base of the 
castle had net crossed each other. 

To slang as those now alluded to are to 
be attributed such phenomena as the following: 

The specter “of the Brocken. This is wonderful, 
and, at first sight, a terrific phenomenon, which is 
sometimes seen from the summit of the Hartz 
Mountains in Hanover, which is about 3300 feet 
above the level of the sea, and ooks all the 
country fifteen miles round. this mountain 
the most gigantic and terrific specters have been 
seen, which have terrified the creduious and grati- 
fied the curious, ina very high degree. M. Hawe, 
who witnessed this phenomenon, says the sun rose 
about four o’clock, after he had ascended to the 
summit, in a serene sky, free of clouds; and, about 
a quarter past five, when looking round to see if 


the sky continued clear, he. suddenly beheld at a 


little distance, a human figure of a@ monstrous size 
turned toward him,and glaring at him. While 
gazing on this gigantic specter, with a mixture of 
awe and apprehension, a sudden gust of wind 
nearly carried off his hat, and he clapped his hand 
to his head to detain it, when to his great delight, 
the colossal specter did the same. He changed 
his body into a variety of attitudes, all which the 
specter exactly imitated, and then suddenly vanish- 
ed without any apparent cause, and in a short 
time as suddenly appeared. Being joined by 
another spectator, after the first visions had dis- 
appeared, they kept steadily looking for the aerial 
specters, when two gigantic monsters suddenly 
appeared. These specters had been long con- 
sidered as preternatural by the inhabitants of the 
adjacent districts, and the whole country had been 
filled with awe and terror. Some of the lakes of 
Ireland are found to be susceptible of producing 
illusion§, particularly the Lake of Killarney. This 
romantic sheet of water is bounded on one side 
by a semicircle of rugged mountains, and on the 
other by a flat morass; and the vapors generated 
in the marsh, and broken by the mountains, con- 
tinually represent the most fantastic objects. Fre- 
quently men riding along the shore are seen as if 
they were moving across the lake, which is sup- 
posed to have given rise to the legend of O’Do- 
nougho, a magician, who is said to be visible on 
the lake every May morning. 

There can be little doubt that most of those 
visionary appearances which have been frequently 
seen in the sky and in mountainous regions, are 
phantoms produced by the cause to which I am 
adverting, such as armies of footmen and horse- 
men, which some have asserted to have been seen 
in the air near the horizon. A well-authentica- 
ted instance of this kind occurred in the highlands 
of Scotland: Mr. Wren, of Wetton Hall, and 
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D. Stricket, his servant, in the year 1744, were sit~ 
ting at the door of the house ina summer evening, 
when they were surprised to see opposite to them, 
on the side of Sonterfell hill—a place so extreme- 
ly steep that searce a horse could walk slowly 
along it—the figure of a man with a dog pursuing 
several horses, all running at a most rapid pace. 
Onward they passed, until at last they disappeared 
at the lower end of the Fell. In expectation of 
finding the man dashed to pieces by so tremendous 
a fall, they went early next morning and made a 
search, but no trace of man or horse,-or the prints 
of their feet on the turf could be found. Some 
time afterward, about seven in the evening, onthe 
same spot, they beheld a troop of horsemen ad- 
vancing in close ranks and at a brisk pace. The 
inmates of every cottage fora mile round beheld 
the wondrous scene, though they had formerly 
ridiculed the story told by Mr. Wren and, his ser- 
vant, and were struck with surprise and fear. 
The figures were seen for upward of two hours, 
until the approach of darkness rendered them in- 
visible. The various evolutions and changes 
through which the troops passed were distinctly 
visible, and were marked by all the observers. It 
is not improbable that these aerial troopers were 
produced by the’ same cause which made the cas- 
tle of Dover to appear on the side of the hill next 
to Ramsgate it is supposed that they were 
images of a body of rebels, on the other side of 
the hill, exercising themselves previous to the 
rebellion in 1745.* 

I shall mention only another instance of this de- 
scription which lately occurred in France, and for 
a time caused a powerful sensation among all ranks. 
On Sunday, the 17th of December, 1826, the 
‘clergy in the parish of Migne, in the vicinity of 
Poictiers, were engaged in the exercises of the 
Jubilee which preceded the festival of Christmas, 
and a number of persons, to the amount of 3,000 
souls assisted in the service. They had planted, 
as part of the ceremony, a large cross, twenty- 
five feet high, and painted red, in the open air 
beside the church. While one of the preachers, 
about five in the evening, was addressing the 
multitude, he reminded them of the miraculous 
cross which appeared in the sky to Constantine 
and his army, and the effect it produced, when 
suddenly a similar celestial cross appeared in the 
heavens just before the porch of the church, 
about 200 feet above the horizon, and 140 feet in 
length, and its breadth from three to four feet, of 
a bright silver color, tinged with red. The curate 
and congregation fixed their wondering gaze upon 
this extraordinary phenomenon, and the effect 
produced on the minds of the assembly was strong 
and solemn; they spontaneously threw them- 
selves on their knees; and many, who had been 
remiss in their religious duties, humbly confess- 
ed their sins, and made vows of penance and 
reformation. A commission was appointed to 
investigate the truth of this extraordinary appear- 
ance, and a memorial stating the above and other 
facts, was subscribed by more than forty persons 
of rank and intelligence, so that no doubt was 
entertained as to the reality of the phenomenon. 
By many it was considered as strictly miraculous, 
as having happened at the time and in the cir- 
cumstances mentioned. But it is evident, from 
what we have already stated, that it may be ac- 








*There can be little doubt that some ofthe facts ascribed, 
in the western highlands of Scotland, to second sight, have 
been owing to the unusual refraction of the atmosphere ; 
as one of the peculiarities attributed to those who possessed 
this faculty was, that they were enabled to descry boats and 
ships before they appeared in the horizon, bail 


counted for on physical principles. 
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The large 
cross of wood painted red was doubtless the real 


object which produced the magnified image. The 


state of the atmosphere, according to the descrip- 
tions given in the memorial, must have been 
favorable for the production of such images.— 
The spectrum of the wooden cross must have 
been cast on the concave surface of some atmo- 
spheric mirror, and so reflected back to the eyes 
of the spectators from an opposite place, retaining 


exactly the same shape and proportions, but dila- 


ted in size; and, what is worthy of attention, it 
was tinged with red, the very color of the object 
of which it was the reflected image. 

Such phenomena as we have now described, and 
the causes of them which science is able to un- 
fold, are worthy of consideration, in order to 
divest the mind of superstitious terrors, and ena- 
ble it clearly to perceive the laws by which the 
Almighty directs the movements of the material 
system. When any appearance in nature, exactly 
the reverse of everything we could have previous- 
ly couhbived, presents itself to view, and when 
we know of no material cause by which it could 
be produced, the mind must feel a certain degree 
of awe and terror, and will naturally resort to 
supernatural agency as acting either in opposition 
to the established laws of the universe, or beyond 
the range to which they are confined. Beside 
the fears and apprehensions to which such. erro- 
neous conceptions give rise, they tend to convey 
false and distorted impressions of the attributes 
of the Deity, and of His moral government.— 
Science, therefore, performs an invaluable ser- 
vice to man, by removing the cause of supersti- 
tious alarms, by investigating the laws and prin- 
ciples which operate in the physical system, and 
by assigning reasons for those occasional pheno- 
mena which at first sight appeared beyond the 
range of the operation of natural causes. 

The late ingenious Dr. Wollaston illustrated 
the causes of some of the phenomena we have 
described, in the following manner: He looked 
along the side of a red-hot poker at a word or 
object ten or twelve feet distant; and at a distance 
less than three-eighths of an inch from the line 
of the poker, an inverted image was seen, and 
within and without that image, an erect image, in 
consequence of the change produced, by the heat 
of the poker, in the density of the air. He also 


suggested the following experiment as another 
illustration of the same principle, namely, on 
viewing an object through astratum of spirit of 


Fig. 30. 
































wine lying above water, or a stratum of water 
laid above one‘of sirup. He poured into a square 
vial a small quantity of clear sirup, and above 
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this he poured an equal quantity of water, which, 
gradually combined with the sirup, asseen at A, 
fig. 30. The word “sirup,” on a card held 
behind the bottle appeared erect when seen through 
‘the pure spirit, but inverted when seen through 
the mixture of water and sirup. He afterward 
put nearly the same quantity of rectified spirits 
of wine above the water, as seen at B, and he 
saw the appearance as represented, namely, 


inverted and erect images below. ‘These sub- 
stances, by their gradual incorporation, produce 
refracting power, diminishing from the spirit of 
wine to the water, or from the sirup to the water; 
so that, by looking through the mixed stratum, an 
inverted image of any object is seen behind the 
bottle. These experiments show that the mirage 
and several other atmospherical phenomena may 
be produced by variations in the refractive power 
of different strata of the atmosphere. 

It is not unlikely that phenomena of a new and 
different description from any we me 
observed, may be produced from the same causes 


* the true place of the word “Spirit,’? and the 
- 


. to which we have adverted. A certain optical 


iter remarks: “If the variation of the refrac- 
power of the air takes place in a horizontal 

line perpendicular to the line of vision, that is, 
from right to left, then we may have a lateral 
mirage, that is, an image of a ship may be seen 
on the right or left hand of the real ship, or on 
both, if the variation of refractive power is the 
same on each side of the line of vision, and a 
fact of this kind was once observed on the Lake 
of Geneva. If there should happen at the same 
time both a vertical and a lateral variation of re- 
fractive power in the air, and if the variation 
should be such as to expand or elongate the object 
in both directions, then the object would be mag- 
nified as if seen through a telescope, and might 
be seen and recognized at a distance at which it 
would otherwise have been invisible. If the refract- 
ing power, on the contrary, varied so. as to con- 


~~ struct the object in both directions, the image of 


it would be diminished as if seen through a con- 
cave lens.” 


REMARKS AND REFLECTIONS IN REFERENCE TO. THE 
PHENOMENA DESCRIBED ABOVE. 


Such, then, are some of the striking and interest- 
ing effects produced by the refraction and the reflec- 
tion of the rays of light. As the formation of the 
images of objects by convex lenses lays the founda- 
tion of the construction of refracting telescopes and 
microscopes, and of all the discoveries they have 
brought to light, so the property of concave specula, 
in forming similar images, is that on which the con- 
struction of reflecting telescopes entirely depends. 
To this circumstance Herschel was indebted for 
the powerful telescopes he was enabled to con- 
struct—which were all formed on the principle 
of reflection—and for all the discoveries they en- 
abled him to make in the planetary system, and 
in the sidereal heavens. “The same principles 
which operate in optical instruments, under the 
agency of man, we have reason to believe, fre- 
quently act on a more expansive scale in various 
parts of the system of nature. The magnificent 
cross which astonished the preacher and the im- 
mense Congregation assembled at Migne, was, in 
all probability, caused by a vast atmospherical 
speculum formed by the hand of nature, and re- 
presenting its objects on a scale far superior to 
that of human art; and probably to the same 
cause is to be attributed the singular phenomenon 
of the coast of France having been made to 
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appear within two or three miles of the town 
of Hastings, as formerly described (see p. 24).— 
Many other phenomena which we have never 
witnessed, and of which we can form no con- 
ception, may be produced by the same cause 
operating in an infinity of modes. | 

The facts we have stated above, and the variety 
of modes by which light may be refracted and re- 
flected by different substances in nature, lead us 
to form some conception of the magnificent and 
diversified scenes which light may produce in 
other systems and worlds under the arrangements 
of the all-wise and beneficent Creator. Light, in 
all its modifications and varieties of color and re- 
flectionsymay be considered as the beauty and 
glory of the universe, and the source of unnum- 
bered enjoyments to all its inhabitants. It isa 
symbol of the Divinity himself; for “Gop Is 
LIGHT, and in Him is no darkness at all.’’ It is 
a representative of Him who is exhibited in the 
sacred oracles as “The Sun of Righteousness,” 
and “the Lieut of the world.” It is an emblem 
of the glories ahd felicities of that future world 
where knowledge shall be perfected and happiness 
complete; for its inhabitants are designated “ the 
saints in light; and it is declared in sacred history 
to have been the first-born of created beings. In 
our lower world, its effects on ce objects which 
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surround us, and its influences all sensitive 
beings, are multifarious and ly admirable. 
While passing from infinitude to infinitude, it 
reveals the depth and immensity of the heavens, 
the glory of the sun, the beauty of the stars, the 
arrangements of the planets, the rainbow encom- 
passing the sky with its glorious circle, the em- 
broidery of flowers, the rich clothing of the mea- 
dows, the valleys standing thick with corn, “ the 
cattle on a thousand hills,’ the rivers rolling 
through the plains, and the wide expanse of the 
ocean. But in other worlds the scenes it creates 
may be far more resplendent and magnificent. 
This may depend upon the refractive and reflec- 
tive powers with which the Creator has endowed 
the atmospheres of other planets, and the pecu- 
liar constitution of the various objects with which 
they are connected. It is evident, from what we 
already know of the reflection of light, that very 
slight modifications of certain physical principles, 
and very slight additions to the arrangements of 
our terrestrial system, might produce scenes of 
beauty, magnificence, and splendor, of which at 
present we can form no conception. And it is 
not unlikely that by such diversities of arrange- 
ment in other worlds an infinite variety of natu- 
ral scenery is produced throughout the uni- 
verse. 

In the arrangements connected with the planet 
Saturn, and the immense rings with which it is 
encompassed, and in the various positions which 
its satellites daily assume with regard to one an- 
other, to the planet itself, and to these rings, there 
is, in all probability, a combination of refractions, 
reflections, light, and shadows, which produce 
scenes wonderfully diversified, and surpassing in 
grandeur what we can now distinctly conceive. 
In the temote regions of the heavens there are 
certain bodies composed of immense masses of lu- 
minous matter, not yet formed into any regular 
system, and which are known by the name of 
nebule. What should hinder us from supposing 
that certain exterior portions of those masses form 
speculums of enormous size, as some parts of our 
atmosphere are sometimes found to do? Such 
specula may be conceived to be hundreds and 
even thousands of miles in diameter, and that 
they may form images of the most distant objects 
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in the heavens, on a scale of immense magnitude 
and extent, and which may be reflected, in all 
their grandeur, to the eyes of intelligences at a 
vast distance. And, if the organs of vision of 
such beings be far superior to ours in acuteness 
and penetrating power, they may thus be enabled 
to take a survey of an immense sphere of vision, 
and to descry magnificent objects at distances the 
most remote from the sphere they occupy. What- 
ever grounds there may be for such suppositions, 
it must be admitted that all the knowledge we 
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have hitherto acquired respecting the operation of 
light, and the splendid effects it is capable of pro- 
ducing, is small indeed, and limited to a narrow 
circle, compared with the immensity of its range, 
the infinite modifications it may undergo, and the 
wondrous scenes it may create in regions of crea- 
tion to which human eyes have never yet pene- 
trated, and which may present to view objects of 
brilliancy and magnificence such as “Eye h 


ath 
not yet seen, nor ear heard, nor hath it entered 
¥y x 


into the heart of man to conceive.’ 
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SECTION I. 


ON THE COLORS OF LIGHT. 

We have hitherto considered ti chiefly as a 
simple homogeneous substance, as if all its rays 
were white, and as if they were all refracted in 
the same manner by the different lenses on which 
they fall. Inyestigations, however, into the na- 
ture of this ender fluid have demonstrated 
that this is not the case, and that it is possessed of 
certain additional properties of the utmost impor- 
tance in the system of nature, Had every ray of 
light been a pure white, and incapable of being 
separated into any other colors, the scene of the 
universe would have exhibited a very different 
aspect from what we now behold. One uniform 
hue would have appeared over the whole face of 


nature, and one object could scarcely have been’ 


distinguished from another. The different shades 
of verdure which now diversify every landscape, 
the brilliant coloring of the flowery fields, and al- 
most all the beauties and sublimities which adorn 
this lower creation would have been withdrawn. 
But it is now ascertained that every ray of white 
light is composed of an assemblage of colors, 
whence proceed that infinite variety of shade and 
color with which the whole of. our terrestrial 
habitation is arrayed. Those colors are found 
not to be in the objects themselves, but in the 
rays of light which fall upon them, without which 
they would either be invisible or wear a uniform 
aspect. In reference to this point, Goldsmith has 
well observed: “The blushing beauties of the 
rose, the modest blue of the violet, are not in the 
flowers themselves, but in the light that adorns 
them. Odor, softness and beauty of figure are 
their own; but it is light alone that dresses them 
up in those robes which shame the monarch’s 
glory.” 

Many strange opinions and hypotheses were 
entertained respecting colors by the ancients, and 
even by many modern writers, prior to the time 
of Sir Isaac Newton. The Pythagoreans called 
color the superficies of bodies; Plato said that it 
was a flame issuing from them. According to 
Zeno, it is the first configuration of matter; and 
according to Aristotle, it is that which moves bo- 
dies actually transparent. Among the moderns, 
Des Cartes imagined that the difference of color 
proceeds from the prevalence of the direct or ro- 
atory motion of the particles of light. Grimaldi, 
Dechales, and others, thought the differences of 
color depended upon the quick or slow vibrations 
of a certain elastic medium filling the whole uni- 
verse. Rohault imagined that the different colors 
were made by the rays of light entering the eye 





at different angles with respect to the optic axis ; 
and Dr. Hook conceived that color is caused by 
the sensation of the oblique or uneven pulse of 
light; and this being capable of no more tian two 
varieties, he concluded that there could vhs £ 
more than two primary colors. Such were sete 
of the crude opinions which prevailed before the 
era of the illustrious Newton, by whose enlighten- 
ed investigations the true theory of colors was at 
last discovered. In the year 1666 this philosopher 
began to investigate the subject, and finding the 
colored image of the sun, formed by a glass prism, 
to be of an oblong, and not of a circular form, as, 
according to the laws of refraction, it ought to be, 
he was surprised at the great disproportion be- 
tween its length and breadth, the former being 
five times the length of the latter ; and he began 
to conjecture that light is not homogeneal, but that 
it consists of rays, some of which are much more 
refrangible than others. Prior to this period, phi- 
losophers supposed that all light, in passing out o 
one medium into another of different density, was 
equally refracted in the same or like circum- 
stances ; but Newton discovered that this is not 
the fact; but that there are different species of 
light, and that each species is disposed both to 
suffer a different degree of refrangibility in pass- 
ing out of one medium into another, and to excite 
in us the idea of a different color from the rest; 
and that bodies appear of that color which arises 
from the peculiar rays they are disposed to re- 
flect. It is now, therefore, universally acknow- 
ledged that the light of the sun, which to us seems 
perfectly homogeneal and white, is composed of 
no fewer than seven different colors, namely, Red, 
Orange, Yellow, Green, Blue, Indigo, and Violet. 
A body which appears of a red color has the pro- 
perty of reflecting the red rays more powerfully . 
than any of the others; a body of a green color 
reflects the green rays more copiously than rays 
of any other color, and so of the orange, yellow, 
blue, purple, and violet. A body which is of a 
black color, instead of reflecting, absorbs all, or 
the greater part of the rays that full upon it; and, 
on the contrary, a body that appears white reflects 
the greater part of the rays indiscriminately, with- 
out separating the one from the other, 

Before proceeding to describe the experiments 
by which the above results were obtained, it inay 
be proper to give some idea of the form and effects 
of the prism by which such experiments are made. 
This instrument is triangular and straight, and 
generally about three or four inches long. It is 
commonly made of white glass, as free as possible 
from veins and bubbles, and other similar defects, 
and is solid throughout. Its lateral faces, or sides, 
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42 
should be perfectly plane, and of a fine polish. 
The angle formed by the two faces, one receiving 
the ray of light that is refracted in ‘the instru- 
ment, and the other affording itan issue on its re- 
turning into the air, is called the refracting angle 
of the prism, as A C B (fig.31). The manner in 
which Newton performed his experiments, and 
established the discovery to which we have alluded, 
is as follows: 


Fig. 31. - 

















In the window-shutter, EG (fig. 31,) of a dark 
room, a hole, F, was made, of about one-third of 
an inch diameter, and behind it was placed a glass 
prism, A C B, so that the beam of light, S F’, pro- 
ceeding directly from the sun, was made to pass 
through the prism. Before the interposition of 
ism, the beam proceeded in a straight line 
T, where it formed a round, white spot; 
eing now bent out of its course by the 
prism, it formed an oblong image, O P, upon the 
white pasteboard, or screen, LM. containing the 
seven colors marked in the figure, the red being 
the least, and the violet the most refracted from the 
original direction of the solar beam, S 7. This 
oblong image is called the prismatic spectrum. If 
the refracting angle of the prism, AC B, be 64 
degrees, and the distance of the pasteboard from 
the prism about 18 feet, the length of the image, 
O P, will be about ten inches, and the breadth 2 
inches. The sides of the spectrum are right lines 
distinctly bounded, and the ends are semicircular. 
; m this circumstance, it isevident that it is still 
he image of the sun, but elongated by the refrac- 
e power of the prism. Itis evident from the 
igure that, since some part of the beam, R QO, is 
efracted much farther out of its natural course 
W T than some other part of the beam, as W P, 
the rays toward R O have a much greater dispo- 
sition to be refracted than those toward W P; and 
that this disposition arises from the naturally dif- 
ferent qualites of those rays, is evident from this 
consideration, that the refracting angle or power 
of the prism is the same in regard to the superior 
part of the beam as to the inferior. 

By making a hole in the screen, Z M, opposite 
any one of the colors of the spectrum, so as to 
allow that color alone to pass-—and by letting the 
color thus separated fall upon a second prism— 
Newton found that the light of each of the colors 
was alike refrangible, because the second prism 
could not separate them into an oblong image, or 
into any other color. Hence he ealled all the 
seven colors simple or homogeneous, in opposition 
to while light, which he called compound, or hetero- 
geneous. With the prism which this philosopher 
used, he found the lengths of the colors and spaces 
of the spectrum to be as follows: Red, 45; Orange, 
27; Yellow,40; Green, 60; Blue, 60; Indigo, 48; 
Violet, 80; or 360 in all. But these spaces vary 
a little with prisms formed of different substances, 
and, as they are not separated by distinct limits, 
it is difficult to obtain anything like an accurate 
measure of their relative extents. Newton ex- 
amined the ratio between the sines of incidence 
and refraction of these decompounded rays (see 
p- 18), and found that each of the seven primary 
color-making rays had certain limits within which 
they were confined. Thus, let the sine of inci- 
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dence in glass be divided into 50 equal parts, the. 
sine of refraction into air of the least refrangible, 
and the most refrangible rays will contain respec- 
tively 77 and 78 such parts. The sines of refrac- 
tion of all the degrees of red will have the inter- 
mediate degrees of magnitude, from 77 to 77 one- 
eighth; Orange, from 77 one-cighth to 77 one-fifth; 
Yellow, from 77 one-fifth to 77 one-third; Green, 
from 77 one-third to 77 one-half; Blue, from 77 
one-half to 77 two-thirds; Indigo, from 77 two- 
thirds to 77 seven-ninths; and Violet, from 77 
seven-ninths to 78. 

From what has been now stated, it is evident 
that, in proportion as any portion of an optic 
glass bears a resemblance to the form of a prism, 
the component rays that pass through it must be 
necessarily separated, and will consequently paint 
or tinge the object with colors. The edges of 
every convex lens approach to this form, and it is 
on this account that the extremities of objects, 
when viewed through them, are found to be tinged 
with the prismatic colors. In such a glass, there- 
fore} those different colored rays will have differ- 
ent foci, and will form their respective images at 
different distances from the lens. ‘Thus, suppose 
LN (fig. 32) to represent a double convex lens, 





and O B, an object at some distance from it. If 
the object O B was of a pure red color, the rays 
proceeding from it would form a red image at Rr; 
if the object was of a violet color, an image of 
that color would be formed at Vv, nearer the lens; 
and if the object was white, or any other combi- 
nation of the color-making rays, those rays would 
have their respective foci at different distances 
from the lens, and form a succession of images, 
in the order of the prismatic colors, between the 
space R rand Vv. 

This may be illustrated in the following man- 
ner: Take a card or slip of white pasteboard, as 
ABE F (fig. 33), and paint one-half, A BC D, 


Fig. 33. 





red, the other half, C J", violet or indigo, and, tying 
black threads across it, set it near the flame of a 
candle, @; then take a lens, H J, and, holding a 
sheet of white paper behind it, move it backward 
and forward upon the edge of a graduated ruler 
until you see the black threads most distinctly in 
the image, and you will find the focus of the vio: 
let FE much nearer than that of the red a @, whic! 
plainly shows that bodies of different cls can 
never be depicted by convex lenses without some 
degree of confusion. a j 
[he quantity of dispersion of the colored rays 
in convex lenses depends upon the focal length of 
the glass, the space which the ce ored images oc- 
cupy being about the tenth part. Thus, 
if the lens be twenty-eight inches focal distance, 
the space between Rr and Vy (fig. 32) will be 
about one inch; if it be twenty-eight feet focus, 
the same space will be about one foot, and so ch 
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in proportion Now, when sucha succession of 


.images, formed by the different colored rays, is 


viewed through an eye-glass, it will seem to form 
but one image, and, consequently, very indistinct, | 
and tinged with various colors; and as the red 
figure, R Rr, is largest, or seen under the greatest 


angie, the extreme parts of this confused image: 


will be red, and a succession of the prismatic 
colors will be formed within this red fringe, as is 
generally found in common refracting telescopes, 
constructed with a single object-glass. It isowing 
to this circumstance that the common refracting 
telescope cannot be much improved without hay- 
ing recourse to lenses of a very long focal distance; 
and hence, about 150 years ago, such telescopes 
were constructed of 80, and 100, and 120 feet in 
length. But still, the image was not formed so 
distinctly as was desired, and the aperture of the 
object-glass was obliged to be limited. This is a 
defect which was long regarded as without a remie- 
dy, and even Newton himself despaired of dis- 
covering any means by which the defects of re- 
fracting telescopes might be removed, and their 
improvement effected. This, however;*was ac- 
complished by Dollond to an extent far surpassing 
what could have been expected, of which a par- 
ticular account will be given in the sequel. 

It was originally remarked by Newton, and the 
fact has since been confirmed by the experiments 
of Sir W. Herschel, that the different colored rays 
have not the same illuminating power. The violet 
rays appear to have the least illuminating effect; 
the indigo more, and the effect increases in the 
order of the colors, the green being very great; 
between the green and the yellow the greatest of 
all; the yellow the same as the green; but the red 
less than the yellow. Herschel also endeavored to 
determine whether the power of the differently- 
colored rays to heat bodies varied with their power 
to illuminate them. He introduced a beam of 
light into a dark room, which was decomposed by 
a prism, and then exposed a very sensible ther- 
mometer to all the rays in succession, and ob- 
served the hights to which it rose in a given time. 
He found that their heating power increased from 
the violet to the red. The mercury in the ther- 
mometer rose higher when its bulb was placed in 
the indigo than when it was placed in the violet, 
still higher in blue, and highest of all at red. 
Upon placing the bulb of the thermometer below 
the red, quite out of the spectrum, he was sur- 
prised to find that the mercury rose highest of all, 
and concluded that rays proceed from the sun, 
which have the power of ueatine but not of illumi- 
nating bodies. ‘These rays have been called invisi- 
le solar rays; they were about half an inch from 
the commencement of the red rays; at a greater 
distance from this point the heat began to dimin- 
ish, but was very perceptible, even at a distance 
of 1144 inch. He determined that the heating 
power of the red to that of the green rays was 
234 to 1, and 344 to 1, in red to violet. He after- 

ard made experiments to collect those invisible 
caloric ay and caused them to act independently 
of the light, from which he concluded that they 
are sufficient to account for all the effects pro- 
duced by the solar rays in exciting heat; that they 
are capable of passing through glass, and of be- 
ing tefracted and reflected, after they have been 
finally detached from the solar beam. 

M. Ritter, of Jena, Wollaston, Beckman, and 
others, have found that the rays of the spectrum 
are possessed of certain chemical properties; that 
beyond the least brilliant extremity, namely, a 
little beyond the violet ray, there are invisible 
Tays, which act chemically, while they have nei- 
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ther the power of heating nor illuminating bodies. 
Muriate- of silyer, exposed to the action of the 
red rays, becomes blackish; a greater effect is pro- 
duced by the yellow; a still greater by the violet, 
and the greatest of all by the invisible rays beyond 
the violet. When phosphorus is exposed to the 
action of the invisible rays beyond the red, it 
emits white fumes, but the invisible rays beyon 
the violet extinguish them. The inflaen 
these rays is daily seen in the change pro 
upon vegetable colors, which fade when frequen 
exposed to the direct influence of the sun. What- 
ever object they are destined to accomplish in the 
general economy of nature is not yet distinctly 
known; we cannot, however, doubt that they are 
essentially requisite to various processes going 
forward in the material system. And we know 
that not only the comfort of all the tribes of the 
living world, but the very existence of the animal 
and vegetable creation depends upon the unre- 
mitting agency of the calorific rays. 

It has likewise been lately discovered that cer- — 
tain rays of the spectrum, particularly the 
possess the property of communicating the ma 
power. Mr. Morichini, of Rome, appears to 
been the first who found that the violet reat 
the spectrum had this property. The result of 
his experiments, however, was involved in doubt 
until it was established by a series of experiments 
instituted by Mrs. Somerville, whose name is so 
well known in the scientific world. This lady 
having covered half a sewing-needle, about an 
inch long, with paper, she exposed the other half 
for two hours to the violet rays. The needle had 
then acquired north polarity. The indigo rays 
produced nearly the same effect; and the blue and 
green rays produced it in a still less degree. In 
the yellow, orange, red, and invisible rays no 
magnetic influence was exhibited, even thong! 
the experiment was continued for three et by Ine 










days. The same effects weré produced by in-* 
closing the needle in blue or green glass, or wrap- 
ping it in blue or, green ribbon, or half of the 
needle being always covered with paper. 

One of the most curious discoveries of modern 
times, in reference to the solar spectrum, is that 
of Fraunhofer, of Munich, one of the most dis- 
tinguished artists and opticians on the Continent.* 
He discovered that the spectrum is covered with 
dark and colored lines, parallel to one another, 
and perpendicular to the length of the spectrum: 





* Fraunhofer was, in the highest sense of the word, an 
optician, an original discoverer in the most abstruse and del- 
icate departments of this’science, a competent mathemati- 
cian, an admirable mechanist, and a man of a truly philo- 
sophical turn of mind. By his extraordinary talents, he was 
soon raised from the lowest station in a manufacturing es- 
tablishment to the direction of the optical department of the 
business, in which he originally labored as an ordinary work- 
man. He then applied the whole power of his mind to the 
perfection of the achromatic telescope, the defects of which, 
in reference to the optical properties of the materials used, 
he attempted to remedy} and, by a series of admirable ex- 
periments, succeeded in giving to optical determinations the 
precision of astronomical observations, surpassing in this re- 
spect all who had gone before him, except, perhaps, the illus- 
trious Newton. It was in the course of these researches 
that he was led to the important discovery of the dark lines 
which occur in the solar spectrum. His achromatic tele- 
scopes are scattered over Hurope, and are the largest and 
best that have hitherto been constructed, He died at Mu- 
nich, at a premature age, in 1826; his death, it is said, being 
accelerated by the unwholesome nature of the processes em- 
ployed in his glass-house; leaving behind him a reputation 
rarely attained by one so young. His memoir “ On the re- 
fractive and «dispersive Power of the different Species of 
Glass, in reference to the Improvement of Achromatic Tele- 
scopes, and an Account of the Lines of the Spectrum,” will 
be found in the “ Edinburgh Philosophical Journal,” vol. ix 
Pp, 288—299; and vol, x, p. 26—40, for 1823, ’4. 
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and he counted no less than 590 of these lines. 
In order to observe these lines, it is necessary to 
use prisms of the most perfect construction, of 
very pure glass, free of veins, to exclude all extra- 
neous light, and even to stop those rays which 
form the colored spaces which we are not exam- 
ining. It is necessary, also, to use a magnifying 
instrument, and the light must enter and emerge 
‘ oa the prism at equal angles. One of the im- 
ponent practical results of this discovery is, that 
e lines are fixed points in the spectrum, or 
rather, that they have always the same position 
in the colored spaces in which they are found. 
Fraunhofer likewise discovered, in the spectrum 
produced by the light of Venus, the same streaks 
as in the solar spectrum; in the spectrum of the 
light of Sirius he perceived three large streaks, 
which, according to appearance, had no resem- 
blance to those of the light of the sun; one of 
them was in the green, two in the blue. The stars 
appear to differ from one another in their streaks. 
The electric light differs very much from the light 
of the sun and that of a lamp in regard to the 
$ of the spectrum. ‘ This experiment may 
iso be made, though in an imperfect manner, by 
viewing a narrow slit between two nearly closed 
window-shutters through a very excellent glass 
prism, held close to the eye, with the refracting 
angle parallel to the line of light. When the 
spectrum is formed by the sun’s rays, either direct 
or indirect, as from the sky, clouds, rainbow, 
moon, or planets, the black bands are always 
found to be in the same parts of the spectrum, 
and under all circumstances to maintain the same 
telative position, breadth, and intensities,”? 

From what has been stated in reference to the 
solar spectrum, it will ovidemme rpc! that white 
light is nothing else than a apound of all the 
prismatic colors; and this may be still further il- 
lustrated by showing that the seven primary colors, 

n again put together, recompose white light. 

lis may be rudely proved, for the purpose of 
illustration, by mixing together seven’ different 
powders, having the colors and proportion of the 
spectrum} but the best mode, on the whole, is the 
following: Let two circles be drawn on a smooth 
round board, covered with white paper, as in fig- 
ure 34; let the outermost be divided into 360 


Fig. 34. 































































































































































































































































































































































































equal parts; then draw seven right lines, as A, B, 
C, §¢., from the center to the outermost circle, 
making the lines A and’B include 80 degrees of 
that circle. The lines B and C, 40 degrees; C and 
D, 60; D and E, 60; E and I’, 48; F and G, 27; 
G and A, 45. ‘Then between these two circles 
paint the space A G red, inclining to orange near 

3; GE orange, inclining to yellow near F; F 
E yellow, inclining to green near E; E D green, 
inclining to blue near D; D CG blue, inclining to 





indigo near C; C B indigo, inclining to violet near 
B; and B A violet, inclining to a soft red near A. 
This done, paint all that part of the board black 
which lies within the inner circle; and, putting 
an axis through the center of the board, let it be 
turned swiftly round that axis, so that the rays 
proceeding from the above colors may be él 
blended and mixed together in coming to the eye 
Then the whole colored part will appear like a 
white ring a little grayish—not perfectly white, 
because no art can prevare or lay on perfect co- 
lors, in all their delicate shades, as found in the 
real spectrum. 

That all the colors of light, when blended to- 
gether in their proper proportions, produce a pure 
white, is rendered.certain by the following experi- 
ment: Take a‘large convex glass, and place it in 
the room of the paper or screen on which the solar 
spectrum was depicted (L. M. fig. 31); the glass 
will unite all the rays that come from the prism, 
if a paper is placed to receive them, and you will 
see a circular spot of pure lively white. The 
rays will cross each other in the focus of the glass, 
and, if the paper be removed a little farther from 
that point, you will see the prismatic colors again 
displayed, but in an inverted order, owing to the 
crossing of the rays. 


SECTION II. 


ON THE COLORS OF NATURAL OBJECTS. 


From what has been stated above we may learn 
the true cause of those diversified hues exhibited 
by natural and artificial objects, and the variega- 
ted coloring which appears on the face of nature. 
It is owing to the surfaces of bodies being dis- 
posed to reflect one color rather than another. 
When this disposition is such that the body reflects 
every kind of ray, in the mixed state in which it 
receives them, that body appears white to us, 
which, properly speaking, is no color, but rather 
the assemblage of all colors. If the body has a 
fitness to reflect one sort of rays more abundantly 
than others, by absorbing all the others, it will 
appear of the color belonging to that species of 
rays. Thus, the grass is green, because it absorbs 
all the rays except the green. It is these green 
rays only, which the grass, the trees, the shrubs, 
and all the other verdant parts of the landscape 
reflect to our sight, and which make them ap- 
pear green. In the same manner, the different 
flowers reflect their respective colors; the rose, 
the red rays; the violet, the blue; the jonquil, 
the yellow; the marigold, the orange; and every 
object, whether natural or artificial, appears of 
that color which its peculiar texture is fitted to 
reflect. A great number of bodies are fitted to 
reflect at once several kinds of rays, and of con- 
sequence, they appear under mixed colors. It 
may even happen that of two bodies which should 
be green, for example, one may reflect pure 
green of light, and the'other, the mixture of yel- 
low and blue. This quality, which varies to in- 
finity, occasions the different kinds of rays to 
unite in every possible manner, and every possible 
proportion; and hence the inexhaustible variety 
of shades and hues which nature has diffused over 
the landscape of the world. When a body ab- 
sorbs nearly all the light which reaches it, that 
body appears black; it transmits to the eye so few 
reflected rays that it is scarcely perceptible in 
itself, and its presénce and form make no impres- 
sion upon us unless as it interrupts the brightness 
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of the surrounding space. Black is, therefore, 
the absence of all the colored rays. 

It is evident, then, that all the various assem- 
blages of colors which we see in the objects 
around us are not in the bodies themselves, but in 
the light which falls upon them. There is no co- 
lor inherent in the grass, the trees, the fruits, and 
the flowers, nor even in the most splendid and 
variegated dress that adorns a lady. All such ob- 
jects are as destitute of color, in themselves, as 
bodies which are placed in the center of the earth, 
or as the chaotic materials out of which our globe 
was formed before light was created; for, where 
there is no light, there is no color. Every object 
is black, or without color, in the dark, and it only 
appears colored as soon as light renders it visible. 
This is further evident from thé:following experi- 
ment: If we place a colored body in one of the 
colors of the spectrum which is formed by the 
prism, it appears of the color of the rays in which 
itis placed. Take, for example, a red rose, and 
expose it first to the red rays, and it will appear of 
amore brilliant ruddy hue; hold it in the blue 
Tays, and it appears no longer red, but of a. dingy 
blue color, and in like manner its color will ap- 
pear different when placed in all the other differ- 
ently-colored rays. This is the reason why the 
colors of objects are essentially altered by the na- 
ture of the light in which they are seen. The 
colors of ribbons, and various pieces of silk or 
woolen stuff, are not the same when viewed b 
candlelight as in the day-time. In the light of a 
candle or a lamp, blue often appears green, and 
yellow objects assume a whitish aspect. The rea- 
son is, that the light of a candle is’ not so pure a 
white as that of the sun, but has a yellowish 
tinge, and therefore, when refracted by the prism, 
the yellowish rays are found to predominate, and 
the superabundance of yellow rays gives to blue 
objects a greenish hue. 

The doctrine we are now illustrating is one which 
a great many persons, especially among the fair 
sex, find it difficult to admit. They cannot con- 
ceive it possible that there is no color really inhe- 
rent in their splendid attire, and no tints of beauty 
in their countenances. ‘ What,’ said a certain 
lady, ‘‘are there no colors in my shawl, and in the 
ribbons that adorn my headdress, and are we all 
as black as negroes in the dark? I should almost 
shudder to think of it.” Such persons, however, 
need be in no alarm at the idea, but may console 
themselves with the reflection that, when they 
are stripped of all their colored ornaments in the 
dark, they are certain that they will never be seen 
by any one in that state; and therefore there is no 
reason to regret the temporary loss of those beau- 
ties which light creates, when they themselves, 
and all surrounding objects, are invisible. But, to 
give a still more palpable proof of this position, 
the following popular experiments may be stated: 

Take a pint of common spirit and pour it into 
a soup dish, and then set it on fire; as it begins to 
blaze, throw a handful of salt into the burning 
spirit, and keep stirring it with a spoon. Several 
handfuls may thus be successively thrown in, and 
then the spectators, standing around the flame, 
will see each other frightfully changed, their co- 
lors being altered into a ghastly blackness, in con- 
sequence of the nature of the light which falls 
upon them, which produces colors very different 
from those of the solar light. The following ex- 
periment, as described by Sir D. Brewster, illus- 
trates the same principle: “ Having obtained the 
means of illuminating any apartment with yellow 

light, let the exhibition be made ina room with 
furniture of various bright colors, and with oil 
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or water-colored paintings on the wall. The party 
which is to witness the experiment should be dregs- 


ed in a diversity of the gayest colors, and the 


brightest colored flowers and highly colored draw- 
ings should be placed on the tables. The room 
being at first lighted with ordinary lights, the 
bright and gay colors of everything that it con- 
tains will be finely displayed. If the white lights 
are now suddenly extinguished, and the yello 
lamps lighted, the most appalling metamorphos 
will be exhibited. The astonished individuals will _ 
no longer be able to recognize each other. All 
the furniture of the room, and all the objects it 
contains, will exhibit only one color. The flow- 
ers will lose their hues; the paintings and draw- 
ings will appear as if they were executed in China 
ink, and the gayest dresses, the brightest scariets, 
the purest lilacs, the richest blues, and the most 
vivid greens, will all be converted into one mo- 
notonous yellow. The complexions of the par- 
ties, too, will suffer a corresponding change. One 
pallid agp yellow, 


: 

Like the unnatural hue ey ee, 

Which autumn paints upon the perished lea” ae 

& . 

will envelop the young and the old, and the sal- 
low face will alone escape from the metamorphosis. 
Each individual derives merriment from the cada- 
verous appearance of his neighbor, without being 
sensible that he is one of the ghastly assemblage.” 
From such experiments as these we might con- 
clude that, were the solar rays of a very different 
description from what they are now found to be, 
the colors which embellish the face of nature, and 
the whole scene of our sublunary creation, would 
assume a new aspect, and appear very different 
from what we now behold around us in every 
landscape. We find that. the stars display great 
diversity of color, which is doubtless, owing to 

the different kinds of light which are emitted from 

those bodies ; and hence we may conclude that — 
the coloring thrown upon the various objects of 
the universe is different in every different system, 
and that thus, along with other arrangements, an 
infinite variety of coloring and of scenery is dis- 

tributed throughout the immensity of creation. 

The atmosphere, in consequence of its different: 
refractive and reflective powers, is the source of a 
variety of colors which frequently embellish and 
diversify the aspect of our sky. ‘The air reflects 
the blue rays most plentifully, and must therefore 
transmit the red, orange, and yellow more copious- 
ly than the other rays. When the sun and other 
heavenly bodies are at a high elevation, their light 
is transmitted without any perceptible change; 
but when they are near the horizon, their light 
must pass through a long and dense track of air, 
and must therefore be considerably modified be- 
fore it reach the eye of the observer. The mo- 
mentum of the red rays being greater than that 
of the violet, will force their way through the 
resisting medium, while the violet rays will be 
either reflected or absorbed. If the light of the 
setting sun, by thus passing through a long track 
of air, be divested of the green, blue, indigo, and 
violet rays, the remaining rays which are trans- 
mitted through the atmosphere will illuminate 
the western clouds, first, with an orange color, 
and then, as the sun gradually sinks into the hori- 
zon, the track through which the rays must vass 
becoming longer, the yellow and orange are re- 
flected, and the clouds grow mote deeply red, until 
at length the disappearance of the sun leaves 
them of a leaden hue, by the reflection of the 
blue light through the air. Similar changes of. 
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color are sometimes seen on the eastern and.west- 


ern fronts of white buildings. St. Paul’sChurch, 


in London, is frequently seen, at sunset, tinged 
with a very considerable degree of redness, and 
the same cause occasions the moon to assume a 
ruddy color, by the light transmitted through the 
atmosphere. From such atmospherical  refrac- 
tions and reflections are produced those rich and 

_ beautiful hues with which our sky is gilded by 
the setting sun, and the glowing red which tinges 
the morning and evening clouds, until their ruddy 
glare is tempered by the purple of twilight, and 
the reflected azure of the sky. 

When a direct spectrum is thrown on colors 
darker than itself, it mixes with them, as the yel- 
low spectrum of the setting sun, thrown on the 
green grass, becomes a greener yellow. But 
when a direct spectrum is thrown on colors 
brighter than itself, it becomes instantly changed 
into the reverse spectrum, which mixes with those 
brighter colors. Thus the yellow spectrum of 
the setting sun, thrown on the luminous sky, be- 
comes blue, and changes with the color or bright- 
ness of the clouds on which it appears. The red 
part of light being capable of struggling through 
thick and resisting mediums which intercept all 
other colors, is likewise the cause why the sun 
appears red when seen through a fog; why distant 
light, though transmitted through blue or green 
glass, appears red; why lamps at a distance, seen 
through the smoke of a long street, are red, while 
those that are near are white. To the same cause 
it is owing that a divor at the bottom of the sea 
is surrounded with the red light which has pierced 
through the superincumbent fluid, and that the 
blue rays are reflected from the surface of the 
ocean. Hence Dr. Halley informs us that, when 
he was in a diving-bell at the Poitom of the sea, 
his hand always appeared red in the water. 

The blue rays, as already. noticed, being unable 

‘resist the obstructions they meet with in their 

~ course through the atmosphere, are either reflect- 
ed or absorbed in their passage. It is to this 
cause that most philosophers ascribe the blue color 
of the sky, the faintness and obscurity of distant 
objects, and the bright azure which tinges the 
mountains of a distant landscape. ; 


SE C-T.20,N, LL... 
PHENOMENA OF THE RAINBOW. 


Since the rays of light are found to be decom- 
posed by refracting surfaces, and reflected in an 
infinite variety of modes and shades of color, we 
need not be surprised at the changes produced in 
any scene or object by the intervention of another, 
and by the numerous modifications of which the 
primary colors of nature are susceptible. The 
vivid colors which gild the rising and the setting 
sun must necessarily differ from those which 
adorn its noonday splendor. Variety of atmo- 
spheric scenery will thus necessarily be produced, 
greater than the most lively fancy can well ima- 
gine. The clouds will’ sometimes assume the 
most fantastic forms,and at other times will be 
irradiated with beams of light, or, covered with 
the darkest hues, will assume a lowering ‘aspect, 
prognostic of the thunder’s roar and the light- 
ning’s flash, all in accordance with the different 
rays that are reflected to our eyes, or the quantity 
absorbed by the vapors which float in the atmo- 
sphere. ‘ 

Light, which embellishes with so much magni- 
ficence a pure and serene sky, by means of innu- 
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merable bright starry orbs which are spread over _ 
it, sometimes, in a dark and cloudy sky, exhibits — 
an ornament which, by its pomp, splendor, and A 
variety of colors, attracts the attention of every 
eye that hasan opportunity of beholding it. At cer- 
tain times, when there is a shower either around 
us, or at a distance from us in an opposite quarter 
to that of the sun, a species of arch or bow is seen 
in thesky, adorned with all the seven primary co- 
lors of light. This phenomenon, which is one of 
the most beautiful meteors in nature, has obtained 
the name of the Rainsow. ‘The rainbow was, for 
ages, considered as an inexplicable mystery, and 
by some nations it was adored asa deity. Even 
after the dawn of true philosophy, it was a con- 
siderable time hefore any discovery of importance 
was made as to the true causes which operate in 
the production of this phenomenon. About the 
year 1571, M. Fletcher, of Breslau, made a cer- 
tain approximation to the discovery of the true 
cause, by endeavoring to account for the colors 
of the rainbow by means of a double refraction 
and one reflection. A nearer approximation was 
made by Antonio de Dominis, bishop of Spalatro, 
about 1601. He maintained that the double re- 
fraction of Fletcher, with an intervening reflection, 
was sufficient to produce the colors of the bow, 
and also to bring the rays that formed them to 
the eye of the spectator, without any subsequent 
reflection. To verify this hypothesis, he pro- 
cureda small globe of solid glass, and viewing it 
when it was exposed to the rays of the sun, with 
his back to that luminary, in the same manner as 
he had supposed the drops of rain were situated 
with respect to them, he observed the same colors 
which he had seen in the rainbow, and in the 
same order. But he could give no good reason 
why the bow should be colored, and, much less, 
any satisfactory account of the order in which 
the colors appear. Itwas not until Sir I. Newton 
discovered the different refrangibility of the rays 
of light that a complete and satisfactory explana- 
tion could be given of all the circumstances con- 
nected with this phenomenon. . ' 

As the full elucidation of this subject involves 
a variety of optical and mathematical investiga- 
tions, I shall do little more than explain the gene-_ 
ral principle on which the prominent phenomena — 
of the rainbow may be accounted for, and some 
of the facts and results which theory and obser- : 
vation have deduced. 

We have just now alluded. to an experiment 
with a glass globe: If, then, we take either a 
solid glass globe, or a hollow globe filled with 
water, and suspend it so high in the solar rays 
above the eye that the spectator, with his back to 
the sun, can see the globe red; if it be lowered 
slowly, he will see it orange, then yellow, then 
green, then blue, then indigo, and then violet; so 
that the drop, at different, hights, shall present to 
the eye the seven primitive colors in succession. 
In this case, the globe, from its form, will act in 
some measure like a prism, and the ray will be 
separated into its component parts.. The follow- 
ing figure will more particularly illustrate this 
point. Suppose A (fig. 35) to represent a drop 
of rain—which) may be considered as a globe of 
glass in miniature, and will produce. the same 
effect on the rays of light—and let Sp represent 
a ray from the sun falling upon the upper part of 
the drop at p. At the point of entering the drop 
it will suffer a refraction, and, instead of going 
forward to c, it will be bent ton. From na part 
of the light will be reflected to a—some part of it 
will, of course pass through the drop. By the 
obliquity with which it falls on the side of the 
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‘drop at Q, that part becomes a kind of prism, 
separates the ray into its primitive colors. 
Fig. 35. 





G 
found by computation, that after a ray has suffer- 
ed two refractions and one reflection, as here rep- 
resented, the least refrangible part of it, namely, 
the red ray, will make an angle with the incident 
solar ray of 42° 2’, as S rq; and the violet, or 
greatest refrangible ray, will muke, with the solar 
ray, an angle of 40° 17’,as Sc qa; and thus all 
the particles of water within the difference of 
those two angles, namely, 1° 45’ (supposing the 
ray to proceed merely from the center of the sun), 
will exhibit severally the colors of the prism, and 
Constitute the interior bow of the cloud. This 
holds good at whatever hight the sun may chance 
fo be in a shower of rain. If he be at a high alti- 
tude, the rainbow will be low; if he beat a low 
elevation, the rainbow must be high; and if a 
shower happen in a vale, when the spectator is 
‘on a mountain, he will sometimes see the bow in 
the form of a complete circle below him. We have 
at present described the phenomena only of a single 
drop ; but it is to be considered that in a shower 
of rain there are drops at all hights and at all 
distances, and therefore the eye situated at « will 
see all the different colors. 
are in a certain position with respect to the spec- 
tator will refiect the red rays, all those in the next 
station the orange, those in the next the green, 
and so on with regard to all the other colors. 

It appears, then, that the first or primary bow 
is formed by two refractions and one reflection ; 
but there is frequently a second bow on the out- 
side of the other, which is considerably fainter. 
This is produced by drops of rain above the drop 
we have supposed at A, If B (fig. 35) represent 
one of these drops, the ray to be sent to the eye 
enters the drop near the bottom, and suffers two 
refractions and two reflections, by which means 
the colors become reversed, that is, the violet is 
lowest in the exterior bow, and the red is lowest in 
the interior one, and the other colors are reversed 
accordingly. Theray T is refracted at Rr: a part 
of it is reflected from s to 7, and at rit suffers an- 
other reflection from T tov. At the points s and 
T part of the ray passes through the drop, on ac- 
count of its transparency, toward w and x, and 
therefore we say that part only of the ray is re- 
flected. By these losses and reflections the exte- 
rior bow becomes faint and ill-defined in compari- 
son of the interior or primary bow. In this case 
the upper part of the secondary bow will not be 
seen when the sun is above 54° 10’ above the 
horizon, and the lower part of the bow will not be 
seen when the sun is 60° 58’ above the horizon. 

For the further illustrations of this subject, we 
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and| may introduce the following section of a bow 


It is| (fig. 36), and, in order to prevent confusion in at- 
CS Dit 





tempting to represent all the different colors, let 
us suppose only three drops of rain, and three 
-different colors, as shown in the figure. The 
spectator, O, being in the center of the two bows 
here represented—the planes.of which must be 
considered as perpendicular to his vyiew—the 
drops A, B, and C produce part of the interior 
bow by two refractions and one reflection, as 
stated before, and the drops D, E, F will produce 
the exterior bow by two refractions and two re- 
flections, the sun’s rays being represented by 3, 3. 
It is evident that the angle C O Pis less than the 
angle B O P, and that the angle A O P is the 
greatest of the three. The largest angle, then, is 
formed by the red rays, the middle one consists 
of the green, and the smallest the purple or violet. 
All the drops of rain, therefore, that happen to be 
in a certain position with respect to the specta- 
tor’s eye, will reflect the red rays, and forma band 
or semicircle of red, and so of the other colors 
from drops in other positions. If the spectator 
alters his station, he will see a bow, but not the 
same as before; and if there be many spectators, 
they will each see a different bow, though it ap- 
pears to be the same. 

The rainbow assumes a semicircular appearance, 
because it is only at certain angles that the re- 
fracted rays are visible to our eyes, as is evident 
from the experiment of the glass globe formerly 
alluded to, which will refract the rays only ina 
certain position. We have already stated that the 
red rays make an angle of 42° 2’, and the violet 
an angle of 40° 17’. Now, if a line be drawn 
horizontally from the spectator’s eye, it is evi- 
dent that angles formed with this line, of a 
certain dimension, in every direction, will pro- 
duce a circle, as will appear by attaching a cord 
of a given length to a certain point, round which 
it may turn as round its axis; and, in every point, 
will describe an angle with the horizontal line of a 
certain and determinate extent. 

Sometimes it happeus that ¢hree or more bows 
are visible, though with different degrees of dis- 
tinctness. I have more than once observed this 
phenomenon, particularly in Edinburgh, in the 
month of August, 1825, when three rainbows 
were distinctly seen in the same quarter of the 
sky, and, if I recollect right, a fragment of the 
fourth made its appearance. ‘his happens when 
the rays suffer a third or fourth reflection; but on 
account of the light lost by so many reflections, 
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such bows are, for the most part, altogether im- 
perceptible. . 


If there were no ground to intercept the rain 
and the view of the observer, the rainbow would 
form a complete circle, the center of which is dia- 
metrically opposite to the sun. Such circles are 
sometimes seen in the spray of the sea or of a 
cascade, or from the tops of lofty mountains, 
when the showers happen in the vales below.— 
Rainbows of various descriptions are frequently 
observed rising amid the spray and exhalations of 
waterfalls, and among the waves of the sea, whose 
tops are blown by the wind into small drops.— 
There is one regularly seen when the sun is shi- 
ning, and the spectator in a proper position, at 
the fall of Staubback, in the bosom of the Alps; 
one near Schaffhausen; one at the cascade of 
Lauffen, and one at the cataract of Niagara in 
North America. A still more beautiful one is 
said to be seen at Terni, where the whole current 
of the River Velino, rushing from a steep preci- 
pice of nearly 200 feet high, presents to the spec- 
tator below a variegated circle, overarching the 
fall, and two other bows suddenly reflected on the 
right and left. Don-Ulloa, in the account of his 
journeys in South America, relates that circular 
rainbows are frequently seen on the montains 
above Quito in Peru. It is said that a rainbow 
was once seen near London, caused by the exha- 
lations of that city, after the sun had been below 
the horizon more than twenty minutes.* A na- 
val friend, says Mr. Bucke, informed me that, as 
he was one day watching the sun’s effect upon 
the exhalations near Juan Fernandez, he saw 
upward of five-and-twenty ives marine animate 
the sea at the same time. In these marine bows 
the concave sides were turned upward, the drops 
of water rising from below, and not falling from 
above, as in the instances of the aerial arches.— 
Rainbows are also occasionally seen on the grass 
in the morning dew, and likewise when the hoar- 
frost is descending. Dr. Langwith once saw a 
bow lying on the ground, the colors of which 
were almost as lively as those of a common rain- 
bow. It was not round, but oblong, and was 
extended several hundred yards. The colors took 
up less space, and were much mote lively in 
those parts of the bow which were near him than 
in those which were at a distance. When M. 
Labillardiere was on Mount Teneriffe, he saw the 
contour of his body traced on the clouds beneath 
him in all the colors of the solar bow. He had 
previously witnessed this phenomenon on the 
Kesrouan, in Asia Minor. The rainbows of 
Greenland are said to be frequently of a pale 
white, fringed with a brownish yellow arising 
from the rays of the sun being reflected from a 
frozen cloud. 

The following is a summary view of the prin- 
cipal facts which have been ascertained respecting 
the rainbow: 1. The rainbow can only be seen 
when it rains, and in that point of the heavens 
which is opposite to the sun. 2. Both the prima- 
ry and secondary bows are variegated with all the 
prismatic colors—the red being the highest color 
in the primary, or brightest bow, and the violet 
the highest in the exterior. 3. The primary 
rainbow can never be a greater arc than a semi- 
circle; and, when the sun is set, no bow, in ordi- 
nary circumstances, can be seen. 4. The breadth 
of the inner or primary bow—supposing the sun 
but a point—is 1° 45’, and the breadth of the ex- 
terior bow 3° 12’, which is nearly twice as great 
as that of the other; and the distance between the 





* Philosophical Tr:nsact'ons, vol. 1, p. 294. 
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much will each bow be increased, and their dis- 
tance diminished; and therefore the breadth of the 
interior bow will be 2° 15’, and that of the exterior 
3° 42’, and their distance 8° 25’. The greatest 
semidiameter of the interior bow, on the same 
grounds, will be 42° 17’, and the least of the ex- 
iot bow 50° 43’. 5. When the sun is in the 
either in the morning or evening, the 
ll appear complete semicircles. On the 
and, when the sun’s altitude is equal to 
42° 2’, or to 54° 10’, the summits of the bows 
will be depressed below the horizon. Hence, du- 
ring the days of summer, within a certain inter- 
val each day, no visible rainbows can be formed, 
on account of the sun’s high altitude above the 
horizon. 6. The altitude of the bows above the 
horizon or surface of the earth varies according 
to the elevation of the sun. The altitude, at any 
time, may be taken by acommon quadrant, or any 
other angular instrument; but if the sun’s altitude 
at any particular time be known, the hight of the 
summit of any of the bows may be found by 
subtracting the sun’s altitude from 42° 2’ for the 
inner bow, and from 54°10’ for the outer. Thus, 
if the sun’s altitude be 26°, the hight of the pri- 
mary bow would be 16° 2’, and of the secondary, 
28°10’. It follows that the hight and the size of the 
bows diminish as the altitude of the sun increases, 
7. If the sun’s altitude is more than 42°, and less 
than 54°, the exterior bow may be seen, though 
the interior bow is invisible. 8. Sometimes only 
a portion of an arch will be visible, while all the 
other parts of the bow are invisible. This hap- 
pens when the rain does not occupy a space of 
sufficient extent to complete the bow; and the 
appearance of this position, and even of the bow 
itself, will be various, according to the nature 
of the situation, and the space occupied by the 
rain. 

The appearance of the rainbow may be pro- 
duced by artificial means at any time, when 
the sun is shining, and not too highly elevated 
above the horizon. ‘This is effected by means of 
artificial fountains, or jet d’eaus, which are in- 
tended to throw up streams of water to a great 
hight. These streams, wheh they spread very 
wide, and blend together in their upper parts, 
form, when falling, a shower of artificial rain.— 
If, then, when the fountain is playing, we move 
between it and, the sun, at a proper distance from 
the fountain, until our shadow point directly 
toward it, and look at the shower, we shall 
observe the colors of the rainbow strong and 
vivid; and, what is particularly worthy of notice, 
the bow appears, notwithstanding the nearness of 
the shower, to be as large and as far off as the 
rainbow which we see in a natural shower of 
rain. The same experiment may be made by 
candle-light, and with any instrument that will 
form an artificial shower. 

Lunar Rainbows.—A lunar bow is sometimes 
formed at night, by the rays of the moon striking 
| on a rain-cloud, especially when she is about the 
full. But such a phenomenon is very rare. Ari- 
| stotle is said to have considered himself the first 
who had seen a lunar rainbow. For more than a 
hundred years prior to the middle of the last cen- 
tury, we find only two or three instances record- 
ed in which such phenomena are described with 
accuracy. In the Philosophical Transactions for 
1783, however, we have an account of three 
having been seen in one year, and all in the same 
place, but they are by no means common pheno- 
mena. I have had an opportunity within the last 


bows is 8° 55’. But since the body of cb 0 










PHENOMENA OF THE RAINBOW. 


this description, one of which was seen at Perth, 
on a Sabbath evening, in the autumn of 1825, 
and the other at Edinburgh, on Wednesday, the 
9th of September, 1840, about eight o’clock in 
the evening, of both which I gave a detailed de- 
scription in some of the public journals. The 
moon, in both cases,-was within a day or two of 


twenty te of witnessing two phenomena of 


the full; the arches were seen in the. northern 
quarter of the heavens, and extended near] m 
east to west, the moon being not far from the 


southern meridian. ‘The bows appeared distinct 
and well defined, but no distinct traces of the 
prismatic: colors could be perceived on any of 
them. That which appeared in 1825 was the 
most distinctly formed, and continued visible for 
more than an hour. The other was much fainter, 
and lasted little more than half an hour, dark 
clouds having obscured the face of the moon.— 


These bows bore a certuin resemblance to some. 


of the luminous arehes which sometimes accom- 
pany the Aurora Borealis, and this latter pheno- 
menon has not unfrequently been mistaken for a 
lunar rainbow; but they may be always distin- 
guished by attending to the phases and position 
of the moon. If the moon be not visible above 
the horizon, if she be in her first or last quarter, 
.or if any observed phenomenon be not in a direc- 
tion opposite to the moon, we may conclude with 
certainty that, whatever appearance is presented, 
there is no lunar rainbow. 

The rainbow is an object which has engaged 
universal attention, and its beautiful colors and 
form have excited universal admiration. The 
poets have embellished their writings with many 
beautiful allusions to this splendid meteor; and 
the playful schoolboy, while viewing the “ bright 
enchantment,” has frequently run “ to catch the 
falling glory.’”? When its arch rests on the oppo- 
site sides of a narrow valley, or on the summits 
of two adjacent mountains, its appearance is both 
beautiful and grand. In all probability, its figure 
first suggested the idea of arches, which are now 
found of so much utility in forming aqueducts 
and bridges, and for adorning the architecture of 
palaces and temples. It is scarcely possible seri- 
ously to contemplate this splendid phenomenon 
without feeling admiration and. gratitude toward 
that wise and beneficent Being whose hands have 
bent it into so graceful and majestic a form, and 
decked it with all the pride of colors. “ Look 


upon the rainbow,’’ says the son of Sirach,* “and | 


praise Him that made it: very beautiful it is in 
the brightness thereof. It compasseth the heaven 
about with a glorious circle, and the hands of the 
Most High have bended it.” 'To this grand ethe- 
real bow the inspired writers frequently allude as 
one of the emblems of the majesty and splendor 


of the Almighty. In the prophesies of Ezekiel, the | 


throne of Deity is represented as adorned with a 
brightness “like the appearance of the bow that 
is in the cloud in the day of rain—the appearance 
of the likeness of the glory of Jehovah.”’ And, 
in the visions recorded in the Book of the Revela- 
tions, where the Most High is represented as sit- 
ting upon a throne, “there was a rainbow round 
about the throne, in sight like unto an emerald,” 
as an emblem of his propitious character, and of 
his faithfulness and mercy. After the deluge, 
this how was appointed as a sign and memorial 
of the covenant which God made with Noah and 
his sons, that a flood of waters should never again 
be permitted to deluge the earth and its inhabit- 
ants, and as a pledge of inviolable fidelity and 





* Ecclesiasticus, xiii, 11, 12. 
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Divine benignity. When, therefore, we at any 
time behold “the bow in the cloud,’’ we have not’ 
only a beautiful and sublime phenomenon pre- 
sented to the éye of\sense, but also a memorial 
exhibited to the mental eye, assuring us that, 
‘While the earth remaineth, seed-time and har- 


vest, and cold and heat, and summer and winter, 
and day and night, shall not cease.?** 


‘Qn the broad sky is seen 

A dewy cloud, and in the cloud a bow 

Conspicuous, with seven listed colors gay, 

Betokening peace with God and covenant new. 

He gives a promise never to destroy 

The earth again by flood, nor let the sea 

Surpass his bounds, nor rain to drown the world.” 
Miron, Par. Lost, Book XT. 


SECTION IV. 


REFLECTIONS ON THE BEAUTY AND UTILITY OF 
COLORS. 


Cotor is one of the properties of light which 
constitutes chiefly the beauty and sublimity of the 
universe, It is color, in all its diversified shades, 
which presents to our view that almost infinite 
variety of aspect which appears on the scene of 
nature, which gives delight to the eye and the 
imagination, and which adds a fresh pleasure to 
every new landscape we behold. Every flower 
which decks our fields and gardens is compounded 
of different hues: every plain is covered with 
shrubs and trees of different degrees of verdure; 
and almost every mountain is clothed with herbs 
and grass of different shade from those which ap- 
pear on the hills and landscape with which it is 
surrounded. In the country, during summer, na- 
ture is every day, and almost every hour, varying 
her appearance by the multitude and variety of her 
hues and decorations, so that the eye wanders with 
pleasure over objects continually diversified, and 
extending as far as the sight can reach. In the 
flowers with which every landscape is adorned, 
what a lovely assemblage of colors, and what'a won- 
derful art in the disposition of their shades! Here a 
light pencil seems to have laid on the delicate tints; 
there they are blended according to the nicest 
rules of art. Although green is the general color 
which prevails over the scene of sublunary nature, 
yet it is diversified by a thousand different shades, 
so that every species of tree, shrub, and herb is 





*Jt is a question which has been frequently started, 
whether there was any rainbow before the flood? Some 
have conceived that the rainbow was something of a mirac- 
ulous production, and that it was never seen before the flood. 
The equivocal sense of the word ‘ set,” in our translation, 
has occasioned a mistaken impression of this kind. The 
Hebrew word, thus translated, signifies more properly “Ido 
give,” or “1 appoint.” The whole passage in reference to 
this circumstance, literally translated, runs thus: “I ap- 
point my bow which is in the cloud, that it may be for a 
sign or token of a covenant between me and the earth; and 
it shall come to pass, when I bring a cloud over the earth, 
and the bow shall be seen in the cloud, that I will remember 
my covenant that is between me and you,” &c. As the 
rainbow is produced by the immutable laws of refraction and 
reflection, as applied to the rays of the sun striking on drops 
of falling rain, the phenomenon must have been occasionally 
exhibited from the beginning of the world; unless we suppose 
that there was no rain before the flood, and that the constitu- 
tion of things in the physical system was very different from 
what it isnow. The passage affirms no more than that the 
rainbow was then appointed to be a symbol of the covenant 
between God and man; and although it may have been fre- 
quently seen before, it would serve the purpose of a sign 
equally well as if it had been miraculously formed for this 
purpose, and even better, as ifs frequent appearance, ac 
cording to natural laws, is a perpetual memorial to man of 
the Divine faithfulness and mercy. 
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clothed with its own peculiar verdure. ‘The dark 
green of the forests is thus easily distinguished 
from the lighter shades of cornfields. and the ver- 
dure of the lawns. ‘The System of animated 
nature likewise displays a diversified assemblage 
of beautiful colors. The plumage of birds, the 
brilliant feathers of the peacock, the ruby and eme- 
rald hues which adorn the little humming-bird, 
and the various embellishments of many species 
of thevinsect tribe, present to the eye in every re- 
gion of the globe, a scene of diversified beauty 
and embellishment. Nor is the mineral kingdom 
destitute of such embellishments; for some of 
the darkest and most unshapely stones and pebbles, 
when polished by the hand of art, display a mix- 
ture of the most delicate and variegated colors. 
All which beauties and varieties in the scene 
around us are entirely owing to that property, in 
every ray of light, by which it is capable of be- 
ing separated into the primitive colors. 

To the same cause, likewise, are to be ascribed 
those beautiful and diversified appearances which 
frequently adorn the face of the sky—the yellow, 
orange, and ruby hues which embellish the firma- 
ment at the rising of the sun, and when he is 
about to descend below the western horizon ; 
and those aerial landscapes, so frequently beheld 
in tropical climes, where rivers, castles, and moun- 
tains are depicted rolling over each other along the 
circle of the -horizon. The clouds, especially in 
some countries, reflect almost every color in na- 
ture. Sometimes they wear the modest blush of 
the rose; sometimes they appear like stripes of 
deep vermillion, and sometimes as large, brilliant 
masses tinged with various hues; now they are 
white as ivory, and now as yellow as native gold. In 
sume tropical countries, according to St. Pierre, 
the clouds roll themselves up into enormous masses 
as white as snow, and are piled upon each other, 
like the Cordilleras of Peru, and are molded into 
the shape of mountains, of cayerns, and of rocks. 
When the sun sets behind this magnificent aerial 
net-work, a multitude of luminous rays are trans- 
mitted through each particular interstice, which 
produce such an effect that the two sides of the 
lozenge illuminated by them have the appearance 
of being begirt with a fillet of gold; and the other 
two, which are in the shade, seem tinged with a 
superb ruddy orange. Four or five divergent streams 
of light, emanating from the setting sun up to the 
zenith, clothe with fringes of gold the undetermi- 
nate summits of this celestial barrier, and proceed 
to strike with the reflexes of their fires the pyra- 
mids of the collateral aerial mountains, which 
then appear to consist of silver and vermilion. 
In short, color diversifies every sublunary scene, 
whether on the earth or in the atmosphere; it im- 
parts a beauty to the phenomena of falling stars, 
of luminous arches, and the coruscations of the 
Aurora Borealis, and gives a splendor and sublimity 
to the spacious vault of heaven. 

Let us now consider for a moment what would 
be the aspect of nature if, instead of the beauti- 
ful variety of embellishments which now appear 
on every landscape, and on the concave of the 
sky, one uniform color had been thrown over thé 
scenery of the universe. Let us conceive the 
whole of terrestrial nature to be covered with 
snow, so that not an object on earth should ap- 
pear with any other hue, and that the vast expanse 
of the firmament presented precisely the same 
uniform aspect. What would be the consequence? 
The light of the sun would be strongly reflected 
from all the objects within the bounds of our ho- 
rizon, and would produce a luster which would 
dazzle every eye. ‘The day would acquire a greater 
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brightness than it now exhibits, and our eyes might, 
after some time, be enabled freely to ex over 
the surrounding landscape; but everything, though 
enlightened, would appear confused, and particu- 
lar objects would scarcely be distinguishable. A 
tree, a house,.or a church near at hand might 
possibly be distinguished, on account of its eleva- 
tion above the general surface of the ground, and 

bed of’a river by reason of its being depressed 
it. But we should be obliged rather to 
g and to form a conjecture as to the particu- 
lar object we wished to distinguish, than to arrive 
at any certain conclusion respecting it; and if it 
lay at a considerable distance, it would be impossi- 
ble, with any degree of probability, to discriminate 
any one object from another. Notwithstanding 
the universal brightness of the scene, the unifor- 
mity of color theown on every object would most 
certainly prevent us from distinguishing a church 
from a palace, a cottage from a knoll or heap of 
rubbish, a splendid mansion from rugged rocks 
the trees from. the hills on which they grow, or z 
barren desert from rich and fertile plains. In such 
acase human beings would be confounded, andeven 
friends and neighbors be at a loss to recognize one 
another. i , 

The vault of heaven, too, would weara uniform 
aspect. Neither planets nor comets would be vi- 
sible to any eye, uor those millions of stars which 
now shine forth with so much brilliancy, and di- 
versify the nocturnal sky; for it is by the contrast 
produced by the deep azure of the heavens and 
the white radiance of the stars that those bodies 
are rendered visible. Were they depicted on a 
pure white ground, they would not be distinguish- 
ed from that ground, and would, consequently, 
be invisible, unless any of them occasionally as- 
sumed a different color. Of course, all that beau- 
tiful variety of aspect which now appears on the 
face of sublunary nature—the rich verdure of the 
fields, the stately port of the forest, the rivers me- 
andering through the valleys, the splendid hues 
that diversify and adorn our gardens and meadows, 
the gay coloring of the morning and evening 
clouds, and all that variety which distinguishes the 
different seasons, would entirely disappear. As 
every landscape would exhibit nearly the same 
aspect, there would be no inducement to the poet 
and the philosopher to visit distant countries to 
investigate the scenes of nature, and journey- 
ings from one region to another would scarcely 
be productive of enjoyment. Were any other 
single color to prevail, nearly the same results 
would ensue. Were a deep ruddy hue to be uni- 
formly spread over the scene.of creation, it would 
not only be offensive to the eye, but would likewise 
prevent all distinction of objects. Were a dark 
blue or a deep violet to prevail, it would produce 
a similar effect, and, at the same time, present 
the scene of nature as covered with a dismal 
gloom. Even if creation were arrayed in a robe 
of green which is 4 more pleasant color to the 
eye, were it not diversified with the different shades 
it now exhibits, every object would be equally un- 
distinguishable. 

Such would have been the aspect of creation, 
and the inconveniences to which we should Haye 
been subjected, had the Creator afforded us light 
without that intermixture of colors which now 
appears over all nature, and which serves to dis- 
criminate one object from another. Even our 
very apartments would have been tame and insipid, 
ineapable of the least degree of ornament, and 
the articles with which they are furnished almost 
undistinguishable, so that, in discriminating one 
object from another, we should have been as much 
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indebted to the sense of touch as to the sense of 
visleagees friends and fellow-men would have 
presented no objects of interest in our daily asso- 
ciations. The sparkling eye, the benignant smile, 
the modest blush, the blended hues of white and 
vermilion in the human face, and the beauty of 
the female countenance, would all have vanished, 
and we should have appeared to one another as 
so many moving marble statues, cast nearly in the 
same mold. But what would have been worst 
of all, the numerous delays, uncertainties, and 
perplexities to which we seh have been sub- 
jected, had we been under the necessity every 
moment of distinguishing objects by trains of 
reasoning, and by circumstances of time, place, 
and relative position? An artist, when commen- 
cing his work in the morning, with a hundred 
tools of nearly the same size and shape around 
him, would have spent a considerable portion of 
his time before he could have selected those pro- 
per for his purpose, or the objects to which they 
_were to be applied; and in every department of 
society, and in all our excursions from one place 
to another, similar difficulties and perplexities 
would have occurred. The one-half of our time 
must thus have been employed in uncertain guesses 
and perplexing reasonings Beoccting the real 
nature and individuality of objects, rather than in 
a regular train of thinking and of employment; 
and, after all our perplexities and conjectures, we 
must have remained in the utmost uncertainty as 
to the thousands of scenes and objects which are 
now obvious to us, through the instrumentality 
of colors, as soon as We open our eyes. 

In short, without color we could have had no 
books nor writings: we could neither have corres- 
ponded with our friends by letters, nor have known 
anything with certainty of the events which hap- 
pened in former ages. No written revelation of 
the will of God, and of his character, such as we 
now enjoy, could have been handed down to us 
from remote periods and generations. The dis- 
coveries of science and the improvements of art 
would have remained unrecorded. Universal ig- 
norance would have prevailed throughout the 
world, and the human mind have remained in a 
state of demoralization and debasement. All these, 
and many other inconveniences and evils would 
have inevitably followed; had not God painted the 
rays of light with a diversity of colors. And 
hence we may learn that the most important 
scenes and events in the universe may depend 
upon the existence of a single principle in nature, 
and even upon the most minute circumstances, 
which we may be apt to overlook, in the arrange- 
ments of the material world. 

In the existing state of things in the visible 
creation, we cannot but admire the wisdom and 
beneficence of the Deity in thus enabling us to 
distinguish objects by so easy and expeditious a 
mode as that of color, which in a moment discrimi- 
nates every object and its several relations.. We 
rise in the morning to our respective employments, 
and our food, our drink, our tools, our books, and 
whatever is requisite for our comfort, are at once 
discriminated. Without the least hesitation or 
uncertainty, and without any perplexing process 
of reasoning, we can lay our hands on whatever 
articles we require. Color clothes every object 
with its peculiar livery, and infallibly directs the 
hand in its movements, and the eye in its surveys 
and contemplations. But this is not the only end 
which the Divine Being had in view in impressing 
on the rays of light a diversity of colors. It is 
evident that he likewise intended to minister to 
our pleasures as well as to our wants. ‘To every 
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man of taste, and almost to every human being, 
the combination of colors in flowers, the delicate 
tints with which they are painted, the diversified 
shades of green with which the hills and dales, 
the mountains and the vales are arrayed, and that 
beautiful variety which appears in a bright sum- 
mer day on all the objects of this lower creation, 
are sources of the purest enjoyment and delight. 
It is color, too, as well as magnitude, that adds to 
the sublimity of objects. Were the canopy of 
heaven of one uniform hue, it would fail in pro- 
ducing those lofty conceptions, and those delight- 
ful and transporting emotions, which a contem- 
plation of its august scenery is calculated to 
inspire. Colors are likewise of considerable utility 
in the intercourse of general society. They serve 
both for ornaments, and for distinguishing the 
different ranks and conditions of the community; 
they add to the beauty and gracefulness of our 
furniture and clothing. Ata glance, they enable 
us at once to distinguish the noble from the igno- 
ble, the prince from his subjects, the master from 
his servant, and the widow, clothed with sable 
weeds, from the bride adorned with her nuptial 
ornaments. 

Since colors, then, are of so much value and 
importance, they may be reckoned as holding a 
rank among the noblest natural gifts of the Cre- 
ator. As they are of such essential service to the 
inhabitants of our globe, there can be no doubt 
that they serve similar or analogous purposes 
throughout all the worlds in the universe. The 
colors displayed in the solar beams are common to 
all the globes which compose the planetary sys- 
tem, and must necessarily be reflected, in all their 
diversified hues, from objects on their surfaces. 
The light which radiates from the fixed stars dis- 
plays a similar diversity of colors. Some of the 
double stars are found to emit light of different 
hues; the larger star exhibiting light of a ruddy 
or orange hue, and the smaller one a radiance 
which approaches to blue or green. There is, 
therefore, reason to conclude that the objects con- 
nected with the planets which revolve round such 
stars—being occasionally enlightened by suns of 
different hues—will display a more variegated and 
splendid scenery of coloring than is ever beheld 
in the world on which we dwell; and that one of 
the distinguishing characteristics of different 
worlds, in regard to their embellishments, may 
consist in the splendor and variety of colors with 
which the objects on their surfaces are adorned 
In the metaphorical description of the glories of 
the New Jerusalem, recorded in the Book of Re- 
velation, one of the chief characteristics of that 
city is said to consist in the splendor and diversity 
of hues with which it is adorned. It is represen- 
ted as “coming down from heaven, prepared as @ 
bride adorned for her husband,” and as reflecting 
all the beautiful and variegated colors which the 
finest gems on earth can exhibit; evidently indi- 
eating that splendor and variety of coloring are 
some of the grandest features of celestial scenery. 

On the whole, the subject of colors, when seri- 
ously considered, is calculated to excite us to the 
adoration of the goodness and intelligence of that 
Almighty Being whose wisdom planned all the 
arrangements of the universe, and to inspire us 
with gratitude for the numerous conveniences 
and pleasures we derive from those properties and 
laws he has impressed on the material system. 
He might have afforded us light, and even splen- 
did illumination, without the pleasures and ad- 
vantages which diversified colors now produce, 
and man and other animated beings might have 
existed in such a state. But what avery different 
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scene would the world fre presented from what 
it now exhibits! Of how many thousands of 
pleasures should we have been deprived! and to 
what numerous inconveniences and perplexities 
should we have, been subjected! The sublimity 
and glories of the firmament, and the endless 
beauties and varieties which now embellish our | 
terrestrial system, would have been forever un- 
known, and man could have had little or no in- 
citement to study and investigate the works of his 
Creator. In this, as well as in many other ar- 
rangements in nature, we have a sensible proof 
of the presence and agency of that Almighty In- 
telligence “in whom we live, and move, and have 
our being.’ None but an infinitely Wise and 
Beneficent Being, intimately present in all places, 
could thus so regularly create in us, by means of 
color, those exquisite sensations which afford so 
much delight, and which unite us, as it were, 
with everything around us. In the diversity of 
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hues spread over the face of creation, we have as 
real a display of the Divine presence as Moses en- 
joyed at the burning bush. The only difference 
is, that the one was out of the common order of 
Divine procedure, and the other in accordance 
with those permanent laws which regulate the 
economy of the universe.’ In every color, then, 
which we contemplate, we have a sensible memo- 
rial of the presence of that Being “ whose Spirit 
garnished the heavens and laid the foundations of 
the earth,”? and whose “merciful visitation” sus- 
tains us every moment,in existence. But the re- 
velation of God to our senses, through the various 
objects of the material world, has become so fa- 
miliar, that we are apt to forget the Author of all 
our enjoyments, even at the moment whem we 
are investigating his works and participating of 
his benefits. ‘O that men would praise Joh:vah 
for his goodness, and for his wonderful works to- 
ward the children of men.” 
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HISTORY OF THE INVENTION OF TELESCOPES. 


Tue telescope is an optical instrument for view- | 
ing objects at.a distance. Its name is compound- 
ed of two 5 ye words, rye, which signifies at a 
distance.or far off, and oxo7rey, to view or to contem- 
plate. By means of telescopes, remote objects are 
represented as if they were near, small apparent 


dered distinct, and the invisible and obscure parts 
of very distant scenes are rendered perceptible and 
clear to the organ of vision. The telescope is 
justly considered as a grand and noble instrument. 
It is not a little surprising that it should be in the 
power of man to invent and construct an instru- 
ment by which objects, too remote for the unas- 
sisted eye to distinguish, should be brought within 


afew yards from our eye, and that thousands of 
august objects in the heavens, which had been 
concealed from mortals for numerous ages, should 
be brought within the limits of our contempla- 
tion, and be as distinctly perceived as if we had 
been transported many millions of miles from the 
space we occupy through the celestial regions. 
The celebrated Huygens remarks, in reference to 
this instrument, that, in his opinion, “the wit 
and industry of man has not produced anything 
so noble and so worthy of his faculties as this 
sort of knowledge (namely, of the telescope); in- 
somuch that if any particular person had been so 
diligent and sagacious as to invent this instrument 
from the principles of nature and geometry, for 
my part, | should have thought his abilities were 
more than human; but the case is so far from 
this, that the most learned men have not yet been 


able sufficiently to explain the reason of the effects 
of this casual invention,” 





The persons who constructed the first tele- 
copes, and the exact period when they were first 
invented, are involved in some degree of obscurity. 
It does not certainly appear that such instruments 
were known to the ancients, although we ought 
not to be perfectly decisive on this point. The 
cabinets of the curious contain some very ancient 
gems of admirable workmanship, the figures on 
which are so small that they appear beautiful 
through a magnifying glass, but altogether con- 
fused and indistinet toe the naked eye; and there- 
fore it may be asked, If they cannot be viewed, 
how could they be wrought, without the assistance 
of glasses? And as some of the ancients have 
declared that the moon has a form like that of the 
earth, and has plains, hills, and valleys in it, how 
could they know this, unless by mere conjecture, 
without the use of a telescope?) And how could 
they have known that the Milky Way is formed by 
the combined rays of an infinite number of stars? 
For Ovid states, in reference to this zone, ‘its 
groundwork is of stars.’ But, whatever know- 
ledge the ancients may have possessed of the tele- 
scope or other optical glasses, it is quite evident 
that they never had telescopes of such size and 
power as those which we now possess, and that 
no discoveries in the heavens, such as are now 
brought to light, were made by any of the ancient 
astronomers, otherwise some allusions to them 
must have been found in their writings. 

Among the moderns, the illustrious Friar Ba- 
con appears to have acquired some rude ideas re- 
specting the construction of telescopes. ‘ Lenses 
and specula,’’ says he, “may be so figured that 
one object may be multiplied into many, that those 
which are situated at a great distance may be 
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made to appear very near, that those which are 
small may be made to appear very large, and those 
which are obscure, very plain; and we can make 
stars to appear wherever we will.’? From these 
expressions, it appears highly probable that this 
philosopher was acquainted with the general prin- 
ciple both of telescopes and microscopes, and that 
he may have constructed telescopes of small mag- 
nifying power for his own observation and amuse- 
ment, although they never came into general use. 
He wasa man of extensive learning, and made so 
rapid a progress in the sciences, when attending 
the University of Paris, that he was esteemed the 
pity of that seat of learning. He prosecuted 

is favorite study of experimental philosophy with 
unremitting ardor, and in this pursuit, in the 
course of twenty years, he expended no less than 
£2000 in experiments, instruments, and in pro- 
curing scarce books. Inconsequence of such ex- 
traordinary talents and such astonishing progress 
in the sciences in that ignorant age, he was repre- 
sented, by the envy of his illiterate fraternity, as 
having dealings with the devil; and, under this 
pretense, he was restrained from reading lectures, 
and at length, in 1278, when sixty-four years of 
age, he was imprisoned in his ¢eell, where he re- 
mained in confinement for te ars. He shone 
like a single bright star in a dark hemisphere—the 
glory of our country—and died at Oxford, in the 
year 1294, in the eightieth year of hisage. “Friar 
Bacon,”’ says the Rev. Mr. Jones, ‘may be con- 
sidered as the first of English philosophers; his 
profound skill in mechanics, optics, astronomy, 
and chemistry would make an honorable figure 
in the present age. But he is entitled to further 
praise, as he made all his studies subservient to 
theology, and directed all his writings, as much as 
could be, to the glory of God. He had the high- 
est regard for the sacred Scriptures, and was per- 
suaded they contain the principles of all true 
science.” 

The next person who is supposed to have ac- 
quired a knowledge of telescopes was Joannes 
Baptista Porta, of Naples, who flourished in the 
sixteenth century. He discovered the Camera Ob- 
scura, the knowledge of which might naturally 
have led to the invention of the telescope; but it 
does not appear that he ever constructed such an 
instrument. Des Cartes considers James Metius, 
a Dutchman, as the first constructor of a telescope, 
and says that, “as he was amusing himself with 
making mirrors and burning-glasses, he casually 
thought of looking through two of his lenses at 
a time, and found that distant objects appeared 
very large and distinct.’? Others say that this 
great discovery was first made by John Lipper- 
sheim, a maker of spectacles at Middleburg, or, 
rather, by his children, who were diverting them- 
selves with looking through two glasses at a time, 
and placing them at different distances from each 
other. But Borellus, who wrote a book ‘on the 
invention of the telescope,” gives this honor to 
Zacharias Jansen, another spectacle maker in the 
same town, who, he says, made the first telescope 
in 1590. Jansen was a diligent inquirer into na- 
ture, and, being engaged in such pursuits, he was 
trying what use could be made of lenses for those 
purposes, when he fortunately hit upon the con- 
struction. Having found the arrangement of glasses 
which produced the effect desired, he inclosed 
them in a tube, and ran with his instrument to 
Prince Maurice, who, immediately conceiving that 
it might be of use to him in his wars, desired the 
author to keep it a secret. Such are the rude 
conceptions and selfish views of princely warriors, 
who would apply every invention in their power 
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for the destruction of mankind. But the tele- 
scope was soon destined to more noble and honor- 
able achievements. Jansen, it is said, directed his 
instrument toward celestial objects, and distinctly 
saw the spots on the surface of the moon, and dis- 
covered many new stars, particularly several pretty 
considerable ones in the Great Bear.. His son Jo- 
annes is said to have noticed the lucid circle near 
the lower limb of the moon, now named Tycho, 
from whence several bright rays seemed to dart in 
different directions. In viewing Jupiter, he per- 
ceived two, sometimes three, and, at the most, 
four small stars, a little above or below him, and 
thought that they performed revolutions around 
him. This was probably the first observation of 
the satellites of Jupiter, though the person who 
made it was not aware of the importance of his 
discovery.* 

It is not improbable that different persons about 
Middleburg hit upon the invention, in different 
modes, about the same time. Lippersheim seems to 
have made his first rude telescope by adjusting two 
glasses on a board, and supporting them on brass 
circles. Other workmen, particularly Metius and 
Jansen, in emulation of each other, seem to have 
made use of that discovery, and by the new form 
they gave it, made all the honor of it their own. 
One of them, considering the effects of light as 
injurious to distinctness, placed the glasses in a 
tube blackened within. The other, still more cau- 
tious, placed the same glasses within tubes capa- 
ble of sliding one in another, both to vary the 
prospects, by lengthening the instrument, accord- 
ing to the pleasure of the observer, and to render 
it portable and commodious. Thus it is probable 
that different persons had a share in the inven- 
tion, and jointly contributed to its inaprovement. 
At any rate, it is undoubtedly to the Dutch that 
we owe the original invention. The first tele- 
scope made by Jansen did not exceed fifteen or 
sixteen inches in length, and therefore its magni- 
fying power could not have been very great. 

The famous Galileo has frequently been sup- 
posed to have been the inventor of the telescope, 
but he acknowledges that he had not the honor 
of being the original inventor, having first learn- 
ed from a German that such an instrument had 
already been made; although, from his own ac- 
count, it appears that he had actually reinvented 
this instrument. The following is the account, 
in his own words, of the circumstances which led 
him to construct a telescope: “ Nearly ten months 
ago (namely, in April or May, 1609), it was re- 
ported that a certain Dutchman had made a per- 
spective through which many distant objects ap- 
peared as distinet as if they were near. Several 
effects of this wonderful instrument were report- 
ed, which some believed and others denied; but, 
having it confirmed to me a few days after by a 
letter from the noble John Badoverie, at Paris, 1 
applied myself to consider the reason of it, and 
by what means I might contrive a similar instru- 
ment, which I afterward attained to by the doc- 
trine of refractions. And, first, I prepared a 
leaden tube, to whose extremities I fitted two 
spectacle glasses, both of them plane on one side, 
and on the other side one of them was spherically 
convex, and the other concave. Then applying 





* Though Borellus mentions this cireumstance, yet there 
is some reason to doubt the accuracy of this statement, as 
young Jansen appears to have been at that period not more 
than six years old; so that it is more probable that Galileo 
was the first discoverer of Jupiter’s satellites. 

+ The reader may see an engraving of this instrument in 
the author’s work entitled “ The Improvement of Society’.” 


~. 
54 ‘ ws a 
my eye to the concave, | Ser objects appear pretty 
large and pretty near me. ‘They appeared three 
times nearer and nine times larger in surface than 
to the naked eye; and soon after I made another, 
which represented objects about sixty times larger, 
and eight times nearer; and at last, having spared 
no labor or expense, I made an instrument so ex- 
cellent as to show things almost a thousand times 
larger, and above thirty times nearer, than to the 
naked eye.’? In another part of his writings, 
Galileo informs us that “he was at Venice when 
he heard of Prince Maurice’s instrument, but 
nothing of its construction; that the first‘ night 
after he returned to Padua he solved the problem, 
and made his instrument the next day, and soon 
after presented it to the doge at Venice, who, to 
do him honor for his grand invention, gave him 
the ducal letters which settled him for life in his 
lectureship at Padua; and the Republic, on the 25th 
of August, in the same year (1610), more than 
tripled his salary as professor.” 

The following is the account which this philo- 
sopher gives of the process ef reasoning which 
led him to the construction’ of a telescope: “I 
argued in the following manner: The contrivance 
consists either of one glass or more: one is not 
sufficient, since it must be either convex, concave, 
or plane; the last does not produce any sensible 
alteration in objects, the concave diminishes them; 
it is true that the convex magnifies, but it renders 
them confused and indistinct, consequently, one 
glass is insufficient to produce the desired effect. 
Proceeding to consider two glasses, and bearing in 
mind that the plane glass causes no change, J de- 
termined that the instrument could not consist 
of the combination of a plane glass with either of 
the other two. I therefore applied myself to 
make experiments on combinations of the two 
other kinds, and thtis obtained that of which I was 
in search.” If the true inventor is the person 
who makes the discovery by reasoning and re- 
flection, by tracing facts and principles to their 
consequences, and by applying his invention to 
important purposes, then Galileo may be consi- 
dered as the real inventor of the telescope. No 
sooner had he constructed this instrument—before 
he had seen any similar one—than he directed his 
tube to the celestial regions, and his unwearied 
diligence and ardor were soon rewatded by a 
series of new and splendid discoveries. He de- 
seried the four satellites of Jupiter, and marked 
the periods of their revolutions; he discovered the 
phases of Venus, and thus was enabled to adduce 
a new proof of the Corpernican system, and to 
remove an objection that had been brought against 
it. He traced on the lunar orb a resemblance to 
the structure of the earth, and plainly perceived 
the outlines of mountains and vales, casting their 
shadows over different parts of its surface. He 
observed that, when Mars was in quadrature, his 
figure varied slightly from a perfect circle, and 
that Saturn consisted of a triple body, having a 
small globe on each side, which deception was 
owing to the imperfect power of his telescope, 
which was insufficient to show him that the phe- 
nomenon was in reality a ring. In viewing the 
sun, he discovered Jarge dark spots on the surface 
of that luminary, by which he ascertained that 
that mighty orb performed a revolution round its 
axis. He brought to view multitudes of stars 
imperceptible to the naked eye, and ascertained 
that those nebulous appearances in the heavens 
which constitute the Milky Way consist of a vast 
collection of minute stars too closely compacted 
together to produce an impression on our unas- 
sisted vision. 
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The results of Galileo’s observations were given 
to the world in a small work, entitled “ Nuncius 
Sidereus,” or, “ News froin the Starry Regions,” 
which produced an extraordinarysensation among 
the learned. These discoveries soon spread 
throughout Europe, and were incessantly talked 
of, and were the cause of much speculation and 
debate among the circles of philosophers. Many 
doubted; many positively refused to believe so 
novel and unlooked-for announcements, because 
they ran counter to. the philosophy of Aristotle, 
and all the preconceived notions which then pre- 
vailed in the learned world. It is curious, and 
may be instructive, to consider to what a length 
of absurdity ignorance and prejudice carried ma- 
ny of those who made pretensions to learning and 
science. Some tried to reason against the facts 
alleged to be discovered; others contented them- 
selves, and endeavored to satisfy others with the 
simple assertion that such things were not, and 
could not possibly be; and the manner in which 
they supported themselves in their incredulity 
was truly ridiculous.‘ O my dear Kepler,”’ says 
Galileo, in a letter to that astronomer, “how I 
wish we could have one hearty laugh together. 
Here at Padua is the principal professor of philo- 
sophy, whom I have repeatedly and urgently re- 
quested to look atthe moon and planets through 
my glass, which he pertinaciously refuses to do, 
lest his opinions should be overturned. Why are 
you not here? what shouts of laughter we should 
have at this glorious folly! and to hear the profes- 
sor of philosophy at Pisa laboring with the Grand- 
duke with logical arguments, as if with magical 
incantations to charm the new planets out of the 
sky.”? Another opponent of Galileo, one Christ- 
mann, says, in a book he published, We are not 
to think that Jupiter has four satellites given him 
by nature, in order, by revolving round him, to 
immortalize the Medici who first had notice of the 
observation. ‘These are the dreams of idle men, 
who love ludicrous ideas better than our laborious 
and industrious correction of the heavens. Na- 
ture abhors so horrible a chaos, and to the truly 
wise such vanity is detestable.’ One Martin 
Horky, a would-be philosopher, declared to Kep- 
ler, ‘I will never concede his four new planets 
to that Italian from Padua, though I should die for 
it;”’ and he followed up this declaration by pub- 
lishing a book against Galileo, in which he exam- 
ines four principal questions respeeting the alleged 
planets: 1.,Whether they exist? 2. What they 
are? 3. What they are like? 4. Why they are? 
The first question is soon disposed of by declaring 
positively that he has examined the heavens with 
Galileo’s own glass, and that no such thing asa 
satellite about Jupiter exists. To the second, he 
declares solemnly that he does not more surely 
know that he has a soul in his body than that re- 
flected rays are the sole cause of Galileo’s erro- 
neous observations. In regard to the third ques- 
tion, he says that these planets are like the small- 
est fly compared to an elephant; and finally con- 
cludes, on the fourth, that the only use of them 
is to gratify Galileo’s “thirst of gold,’ and to 
afford himself a subject of discussion. Kepler, 
in a letter to Galileo, when alluding to Horky, 
says, “ He begged so hard to be forgiven, that I 
have taken him again into favor upon this pre- 
liminary condition, that I am to show him Jupi- 
ter’s satellites, anD HE Is TO SEE THEM, and own 
that they are there.” 

The following isa specimen of the reasoning 
of certain pretended philosophers of that age 
against the discoveries of Galileo: Sizzi, a Floren= 
line astronomer reasons in this strain: “There 
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are seven windows given to animals in the domi- 
cil of the head, through which the air is admitted 
to the rest of the tabernacle of the body, to en- 
lighten, to warm, and to nourish it; two nostrils, 
two eyes, two ears, and a mouth; so in the heav- 
ens, or the great world, there are two favérable 
stars, two unpropitious, two luminaries,and Mer- 
cury alone undecided and indifferent. From 
which, and many other similar phenomena in na- 
ture, such as the seven metals, &c., we gather 
that the number of planets is necessarily seven. 
Moreover, the satellites are invisible to the naked 
eye, and therefore can exert no influence on the 
earth, and therefore would be useless, and therefore 
do not exist. Beside, as well the Jews as other 
ancient nations have adopted the division of the 
week into seven days, and have named them from 
the seven planets. Now, if we increase the num- 
ber of the planets, this whole system falls to the 
ground.” The opinions which then prevailed in 
regard to Galileo’s observations on the moon were 
such as the following: Some thought that the 
dark shades on the moon’s surface arose fromthe 
interposition of opaque bodies floating between 
her and the sun, which prevent his light from 
reaching those parts; others imagined that, on ac- 
count of her vicinity to the earth, she was partly 
tainted with the imperfections of our terrestrial 
and clementary nature, and was not of that en- 
tirely pure and refined substance of which the 
more remote heavens consist; and a third party 
looked on her as a vast mirror, and maintained 
that the dark parts of her surface were the reflected 
images of our earthly forests and mountains. 

Such learned nonsense is a disgrace to our spe- 
cies, and to the rational faculties with which man 
is endowed, and exhibits, in a most ludicrous man- 
ner, the imbecility and prejudice of those who 
made bold pretensions to erudition and philoso- 
phy. The statement of such facts, however, may 
be instructive, if they tend to guard us, against 
those prejudices and preconceived opinions which 
prevent the mind from the cordial reception of 
truth, and from the admission of improvements 
in society which run counter to long-established 
customs. » For the same principles and prejudices, 
though in a different form, still operate in society, 
and retard the improvement of the social state, 
the march of science, and ‘the progress of Chris- 
tianity. How ridiculous is it for a, man calling 
himself a philosopher to be afraid to look through 
a glass to an existing object in the heavens, lest it 
should endanger his previous opinions! And how 
foolish is it to resist any improvement or reforma- 
tion in society because it does not exactly accord 
with existing opinions and with “ the wisdom of 
our ancestors!”’ 

It is not a little surprising that Galileo should 


have first hit on that construction of a telescope | 


which goes by his name, and which was formed 
with a concave glass next the eye. This construc- 
tion ofa telescope is more difficult to be under- 
stood in theory than one which is composed solely 
of convex glasses; and its field of view is compa- 
tatively very small, so that it is almost useless 
when attempted to be made of a great length. In 
the present day, we cannot help wondering that 
Galileo and other astronomers should have made 
such discoveries as they did with such an instru- 
ment, the use of which must have required a great 
degree of patience and address. Galileo’s best 
telescope, Which he constructed “ with great trou- 
ble and expense,’ magnified the diameters of ob- 
jects only thirty-three times; but its length is not 
stated, which would depend upon the focal dis- 





tance of the oe asg 
was two inches focus, the length of the instru- 
ment would be five feet four inches; if it was 
only one inch, the length would be two feet eight 
inches, which is the least we can allow to it-—the 
object-glass being thirty-three inches focus, and 
the eyeglass placed an inch within this focus. 
With this telescope Galileo discovered the satel- 
lites of Jupiter, the crescent of Venus, and the 
other celestial objects to which we have alluded. 
The telescopes made in Holland are supposed to 
have been constructed solely of convez glasses, on 
the principle of the astronomical telescope; and 
if so, Galileo’s telescope was in reality a new in- 
vention. ; 

Certain other claimants of the invention of the 
telescope have appeared, beside those already men- 
tioned. Francis Fontana, in his “Celestial Ob- 
servations,” says that he was assured by a Mr. 
Hardy, advocate of the Parliament of Paris, a 
person of great.learning and undoubted integrity, 
that, on the death of his father, there was found 
among his things an old tube by which distant 
objects were distinctly seen, and that it was of a 
date long prior to the telescope lately invented, 
and had been kept by him asa secret. Mr. Leon- 
ard Digges, a gentleman who lived near Bristol in 
the seventeenth century, and was possessed of 
great and various knowledge, positively asserts in 
his ‘ Stratoticos,’ and in another work, that his 
father, a military gentleman, had an instrument 
which he used in the field, by which he could 
bring distant objects near, and could know a 
man at the distance of three miles. Mr. Thomas 
Digges, in the preface to his “* Pantometria,”? pub- 
lished in 1591, declares, “« My father, by his con- 
tinual painful practices, assisted by demonstrations 
mathematical, was able, and sundry times hath, 
by proportional glasses, duly situate in convenient 
angles, not only discovered things far off, read 
letters, numbered pieces of money, with the very 
coin and supersctiption thereof, cast by some of 
his friends of purpose, upon downs in open fields, 
but also, seven miles off, declared what hath been 
done that instant in private places. He hath also, 
sundry times, by the sunbeams, fired powder and 
discharged ordnance half a mile and more dis- 
tant, and many other matters far more strange 
and rare, of which there are yet living divers wit- 
nesses.” 

It is by no means unlikely that persons accus- 
tomed to reflection, and imbued with a certain 
degree of curiosity, when handling spectacle glasses, 
and amusing themselves with their magnifying 
powers and other properties, might sometimes hit 
upon the construction of a telescope, as it only re 
quires two lenses of different focal distances to be 
held at a certain distance from each other, ir or- 
der to show distant objects magnified. Nay, even 
one lens, of a long focal distance, is sufficient to 
constitute a telescope of a moderate magnifying 
power, as I shall show in the sequel. But such 
instruments, when they happen to be constructed 
accidentally, appear to have been kept as secrets, 
and confined to the cabinets of the curious, s0 
that they never carne into general use; and as 
their magnifying power would probably be com- 
paratively small, the appearance of the heavenly 
bodies would not be much enlarged by such in- 
struments, nor is it likely that they would be often 
directed to the heavens. On the whole, therefore, 
we may conclude that the period when instra- 
ments of this description came into general use, 
and were applied to useful purposes, was when 
Galileo constructed his first telescopes. 


CHAPTER II. 


OF THE CAMERA OBSCURA. 


Brrorz proceeding to a particular description 
of the different kinds of telescopes, I shall first 
yive a brief description of the camera obscura, as 
the phenomena exhibited by this instrument tend 
to illustrate the principle of a refracting telescope. 

The term camera obscura literally signifies a 
darkened vault or roof, and hence it came to de- 
note a chamber, or box, or any other place made 
dark for the purpose of optical experiments. ‘The 
camera obscura, though a simple, is yet a very 
eurious and noble contrivance, as it naturally and 
clearly explains the manner in which vision is 
performed, and the principle of the telescope, and 
entertains the spectator with a most exquisite pic- 
ture of surrounding objects, painted in the most 
accurate proportions and colors by the hand of 
nature. The manner of exhibiting the pictures 
of objects in a dark room is as follows: In one 
of the window-shutters of a room which com- 
mands a good prospect of objects not very dis- 
tant, a circular hole should be cut of four or five 
inches diameter. In this hole an instrument 
should be placed called a scioptric ball, which has 
three parts, a frame, a ball, andalens. The ball 
has a circular hole cut through the middle, in 
which the lens is fixed, and its use is to turn every 
way, so as to take in a view of objects on every 
side. The chamber should be made perfectly 
dark, and a white screen, or a large sheet of ele- 
phant paper, should be placed opposite to the lens, 
and in its focus, to receive the image. If, then, 
the objects without be strongly enlightened by the 
sun, there will be a beautiful living picture of the 
scene delineated on the white screen, where every 
object is beheld in its proportions, and with its 
colors even more vivid than life. Green objects 
appear in the picture more intensely green; and 
yellow, blue, red, or white flowers appear much 
more beautiful in the picture than in nature. If 
the Jens be a good one, and the room perfectly 
dark, the perspective is seen in perfection. The 
lights and shadows are not only perfectly just, 
but also greatly hightened; and, what is peculiar 
to this delineation, and which no other picture or 
painting can exhibit, the motions of all the objects 
are exactly expressed in the picture; the boughs 
of the trees wave, the leaves quiver, the smoke 
ascends in a waving form, the people walk, the 
children at their sports leap and run, the horse 
and cart move along, the ships sail, the clouds 
soar and shift their aspects, and all as natural as 
in the real objects; the motions being somewhat 
quicker, as they are performed in a more con- 
tracted scene. 

These are the inimitable perfections of a picture 
drawn by the rays of light as the only pencil in 
nature’s hand, and which are finished in a mo- 
ment; for no sensible interval elapses before the 
painting is completed, when the ground on which 
it is painted is prepared and adjusted. In com- 
parison of such a picture, the finest productions 
of the most celebrated artists, the proportions of 
Raphael, ah natural tints and coloring of Titian, 
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and the shadowing of the Venetians, are but coarse 
and sorry daubing, when set in competition with 
what nature can exhibit by the rays of light pass- 
ing through a single lens. The camera obscura 
is at the same time the painter’s assistant and the 
painter’s reproach. From the picture it forms he 
receives his best instructions, and he is shown 
what he should endeavor to attain; and hence, 
too, he learns the imperfections of his art, and 
what it is imposible for him to imitate. As a 
proof of this, the picture formed in the dark 
chamber will bear to be magnified to a great ex- 
tent, without defacing its beauty or injuring the 
fineness of its parts; but the finest painted land- 
scape, if viewed through a high magnifier, will 
appear only as a coarse daubing. 

The following scheme will illustrate what has 
been now stated respecting the dark chamber: 
E F represents a darkened room, in the side of 
which, I K, is made the circular hole V, in which, 
on the inside, is fixed the scioptric ball. At some 
considerable distance from this hole is exhibited a 
landscape of houses, trees, and other objects, 


Fig, 37. 


































































































A BCD, which are opposite to the window. The 
rays which flow from the different objects which 
compose this landscape to the lensat V, and which 
pass through it, are converged to their respective 
foci on the opposite wall of the chamber, H G, or 
on a white movable screen placed in the focus of 
the lens, where they all combine to paint a lively 
and beautiful picture of the range of objects di- 
rectly opposite, and on each side, so far as the 
lens can take in. 

Though I have said that a sciopttic ball and 
socket are expedient to be used in the above ex- 
periment, yet, where such an instrument is not at 
hand, the lens may be placed in a short tube, 
made of pasteboard or any other material, and 
fixed in the hole-made in the window-shutter. 
The only imperfection attending this method is, 
that the lens can exhibit those objects only which 
lie directly opposite the window. 

Some may be disposed to consider it as an im- 
perfection in this picture, that all these objects 
appear in an inverted position; as they must ne- 
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cessarily do, according to what we formerly stated 

“respecting the properties of convex lenses (p. 28). 
There are, however, different modes of viewing 
the picture as if it were erect; for if we stand 
before the picture, and hold a common mirror 
against our breast at an acute angle with the pic- 
ture, and look down upon it, we shall see all the 
images of the objects as if restored to their erect 
position; and by the reflection of the mirror, the 
picture will receive such a luster as will make it 
still more delightful. Or, if a large concave mir- 
ror were placed before the picture at such a dis- 
tance that its image may appear before the mirror, 
it will then appear erect and pendulous in the air 
in the front of the mirror. Or, if the image be 
received ona frame of paper, we may stand be- 
hind the frame, with our face toward the window, 
and look dewn upon the objects, when they will 
appear as if erect. 

The experiment of the camera obscura may 
serve to explain and illustrate the nature of a com- 
mon refracting telescope, Let us suppose that 
the lens in the window-shutter represents the ob- 
ject-glass of a refracting telescope. This glass 
forms an image in its foeus, which is in every re- 
spect an exact picture or representation of the 
objects before it; and consequently the same idea 
is formed in the mind of the nature, form, mag- 
nitude, and color of the object, whether the eye 
at the center of the glass views the object itself, 
or the image formed in its focus; for, as formerly 
stated, the object and its image are both seen un- 
der the same angles by the eye placed at the cen- 
ter of the lens. Without such an image as is 
formed in the camera obscura—depicted either 
in the ‘tube of a telescope or in the eye itself—no 
telescope could possibly be formed. If we now 
suppose that, behind the image formed in the 
dark chamber, we apply a convex lens of a short 
focal distance to view that image, then the image 
will be seen distinctly, in the same manner as we 
view common objects, such as a leaf or a flower, 
with a magnifying glass; consequently, the ob- 
ject itself will be seen distinct and magnified; and 
as the same image is nearer to one lens than the 
other, it will subtend a larger angle at the nearest 
lens, and, of course, will appear larger than 
through the other, and consequently the object 
will be seen magnified in proportion. For exam- 
ple, let us suppose the lens in the camera obscura, 
or the object lens of a telescope, to be five feet, 
or sixty inches focal distance: at this distance 
from the glass an image of the distant objects op- 
posite to it will be formed. If, now, we place a 
small lens two inches focal distance beyond this 
point, or five feet two inches from the object-glass, 
the objects, when viewed through the small lens, 
will appear considerably magnified, and apparently 
much nearer than to the naked eye. The degree 
of magnifying power is in proportion to the focal 
distances of the two glasses; that is, in the pres- 
ent case, in the proportion of two inches, the fo- 
cus of the small lens, to sixty inches, the focus 
of the object lens. Divide sixty by two, the quo- 
tient is thirty, which gives the magnifying power 
of such a telescope; that is, it represents objects 
thirty times nearer, or under an angle thirty times 
larger than to the naked eye. If the eyeglass, in- 
stead of being two inches, were only one and a 
half inch focus, the magnifying power would be 
in the proportion of one and a half to sixty, or 
forty times. If the eyeglass were three inches 
focus, the magnifying power would be twenty 
times; and so on with regard to other proportions. 
In all cases, where a telescope is composed of only 
two convex lenses, the magnifying power is de- 
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termined by dividing the focal distance of the ob- 
ject-glass by the focal distance of the eyeglass, and 
the quotient expresses the number of times the 
object is magnified in length and breadth. This 
and various other particulars will be more fully 
illustrated in the sequel. i 

In performing experiments with the camera ob- 
scura in a darkened chamber, it is requisite that 
the following particulars be attended to: 1. That 
the lens be well figured, and free from any veins 
or blemishes that might distort the picture. 2 
That it be placed directly against the object whose 
image we wish to see distinctly delineated. 3. 
The lens should be of a proper size, both as to its 
breadth and focal distance. It should not be less 
than three or four feet focal distance, otherwise 
the picture will be too small, and the parts of ob- 
jects too minute to be distinctly perceived; nor 
should it exceed fifteen or eighteen feet, as in this 
case the picture will be faint, and of course not 
so pleasing. ‘Z'he best medium as to focal distance 
is from five to eight or ten feet. The aperture, 
too, er breadth of the glass, should not be too 
small, otherwise the image will be obscure, and 
the minute parts invisible for want of a sufficient 
quantity of light. A lens of six feet focal dis- 
tance, for example, will require an aperture of at 
least two inches. Lenses of a shorter focal dis- 
tance require less apertures, and those of a longer 
focal distance larger. But if the aperture be too 
large, the image will be confused and indistinct, 
by the admission of too much light. 4. We should 
never attempt to exhibit the images of ‘objects, 
unless when the sun is shining and strongly illu- 
minating the objects, except in the case of very 
near objects placed in a good light. As one of 
the greatest beauties in the phenomena of the dark 
chamber consists in the exquisite appearance and 
contrast of light and shadows, nothing of this 
kind can be perceived but from objects directly 
illuminated by the sun. 5. A south window 
should never be used in the forenoon, as the sun 
cannot then enlighten the north side of an object; 
and, beside, his rays would be apt to shine upon 
the lens, which would make the picture appear 
with a confused luster. An east window is best 
in the afternoon, and a western in the morning; 
but a north window is in most cases to be prefer- 
red, especially in the forenoon, when the sun is 
shining with his greatest strength and ‘splendor. 
In general, that window ought to be used which 
looks to the quarter opposite to that in which the 
sun is shining? 

The picture should be received upon a very 
white surface, as the finest and whitest paper, or 
a painted cloth, bordered with black; as white 
bodies reflect most copiously the incumbent rays, 
while black surfaces absorb them. If the screen 
could be bent into the concave segment of a 
sphere, of which the focal distance of the double 
convex lens which is used is the radius, the parts 
of the picture adjacent to the extremities would 
appear most distinct. Sir D. Brewster informs 
us that, having tried a number of white substan- 
ces of different degrees of smoothness, and several 
metallic surfaces on which to receive the image, 
he happened to receive the picture on the silvered 
back of a looking-glass, and was surprised at the 
brilliancy and distinctness with which external 
objects were represented. To remove the spheri- 
eal protuberances of the tin foil, he ground the 
surface very carefully with a bed of hones which 
he had used for working the plane specula of 
Newtonian telescopes. By this operation, which 
may be performed without injuring the other side 
of the mirror, he obtained a surface finely 


* 


ati | 


58 * 


* 


adapted for the reception of images. ‘The minute 
parts of the landscape were formed with so much 
precision, and the brilliancy of coloring was so 
uncommonly fine, as to equal, if not exceed, the 
images that are formed in the air by rmeans of 
concave specula. 

The following additional circumstances may 
be stated respecting the phenomena exhibited in 
the dark chamber: A more critical idea may be 
formed of any movement in the picture here pre- 
sented than from observing the motion of the 
object itself. For instance, a man walking ‘in a 
picture appears to have an undulating motion, or 
to rise up and down every step he takes, and the 
hands seem to move almost exactly like a pendu- 
lum; whereas scarcely anything of this kind is 
observed in the man himself, as viewed by the na- 
ked eye. Again, if an object be placed just twice 
the focal distance from the lens without the room, 
the image will be formed at the same distance 
from the lens within the room, and, consequently, 
will be equal in magnitude to the object itself. 
The recognition of this principle may be of use 
to those concerned in drawing, and who may 
wish at any time to form a picture of the exact 
size of the object. If the object be placed farther 
from the lens than twice its focal length, the im- 
age will be less than the objeet. If it be placed 
nearer, the image will be greater than the life. 
In regard to immovable objects, such as houses, 
gardens, trees, &c., we may form the images of 
so many different sizes by means of different 
lenses, the shorter focus making the lesser picture, 
and the longer focal distance the largest, 

The experiments with the camera obscura may 
likewise serve to illustrate the nature of vision 
and the functions-of the human eye. The frame 
or socket of the scioptric ball may represent the 
orbit of the natural eye. The ball, which turns 
every way, resembles the globe of the eye, mova- 
ble in its orbit. The hole in the ball may repre- 
sent the pupil of the eye; the convex lens cor- 
responds to the crystalline humor, which is shaped 
like a lens, and contributes to form the images of 
objects on the inner part of the eye. The dark 
chamber itself is somewhat similar to the internal 
part of the eye, which is lined all around, and un- 
der the retina, with a membrane, over which is 
spread a mucus of a very black color. The white 
wall or frame of white paper to receive the pic- 
ture of objects is a fair representation of the relina 
of the eye, on which all the images of external 
objects are depicted. Such are some of the gen- 
eral points of resemblance between the apparatus 
connected with the dark chamber and the organ 


of vision; but the human eye is an organ of such 
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exquisite construction, and composed of such a 
number and variety of delicate parts, that it can- 
not be adequately represented by any artificial 
contrivance. \ s 

_ The darkened chamber is frequently exhibited 
in a manner somewhat different from what we 
have above described, as in the following scheme 
(fig. 38), which is termed the revolving camera 
obscura. In this construction, K H represents a 
plane mirror or metallic reflector, placed at half a 
right angle to the convex lens H J, by which rays 
proceeding from objects situated in the direction 
O are reflected to the lens, which forms an image 
of the objects on a round white table at 7’, around 
which several spectators may stand and. view the 
picture as delineated on a horizontal plane. The 
reflector, along with its case, is capable of being 
turned round by means of a simple apparatus 
connected with it, so as to take in, in succession, 
all the objects which compose the surrounding 
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scene. But as the image here is received on a flat 
surface, the rays, fm, e n, will have to diverge 
farther than the central rays, d ¢; and hence the 
representation of the object.near the sides will be 
somewhat distorted; to remedy which, the image 
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should be received on a concave surface, as @ 6 or 
PS. This is the general plan of those camera 
obscuras fitted up in large wooden tents, which 
are frequently exhibited in our large cities, and 
removed occasionally from one town to another. 
Were an instrument of this kind fitted up on a 
small scale, a hole might be made in one of the 
sides, as at E, where the eye could be applied to 
view the picture. The focal distances of the 
lenses used in large instruments of this kind are 
generally from eight to twelve feet, in which 
case they produce a telescopic effect upon distant 
objects, so as to make them appear nearer than 
when viewed with the naked eye. 

The camera obscura is frequently constructed 
ina portable form, so as to be carried about for 
the purpose of delineating landscapes. ‘he fol- 
lowing is a brief description of the instrument in 
this form; A C is a convex lens, placed near the 
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end of a tube or drawer, which is movable in the 
side of a square box, within which is a plane 
mirror, D E, reclining backward in an angle of 
forty-five degrees from the perpendicular, p 7.— 
The pencils of rays flowing from the object O B, 
and passing through the convex lens, instead of 
proceeding forward and forming the image H J, 
are reflected upward by the mirror, and meet in 
points, as F G, at the same distance at which 
they would have met at Hand J, if they had not 
been intercepted by the mirror. At F G, the 
image of the object O B, is received either ona 
piece of oiled paper, or more frequently on a 
plane unpolished glass, placed in the horizontal 
situation F G, which receives the images of all 
objects Bosite to the lens, and on which, or on 
an oiled paper placed upon it, their outlines may 
be traced by a pencil. The movable tube on 
which the lens is fixed serves to adjust the focus 
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for near and distant objects, until their images 
appear distinctly painted on the horizontal glass 
at I° G. The following is the most common 
form of the box of this kind of camera obscura. 
A is the position of the lens, B C the position of 
the mirror, D the plane unpolished glass on which 
‘ the images are depicted, G H a movable top or 
screen to prevent the light from injuring the pic- 
ture, and EF F the movable tube. 

The Daguerreotype—An important and some- 
what surprising discovery has lately been made 
in relation to the picture formed by the camera 
obscura, It is found that the images formed by 
this instrument are capable of being indelibly fixed 
on certain surfaces previously prepared for the 
purpose, so that the picture is rendered perma- 
nent. When a camera is presented to any object 
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or landscape strongly illuminated by the sun, and 
the prepared ground for receiving the image is 
adjusted, and a certain time allowed to elapse until 
the rays of light produce their due effect, in a few 
minutes, or even seconds, a picture of the objects 
opposite to the lens is indelibly impressed upon 
the prepared plate, in all the accurate proportions 
and perspective which distinguish the images 
formed in a dark chamber, which representations 
may be hung up in apartments, along with other 
paintings and engravings, and will likely retain 
their beauty and luster for many years. These 
are pictures of nature’s own workmanship, fin- 
ished in an extremely short space of time, and 
with the most exquisite delicacy and accuracy.— 
The effect is evidently owing to certain chemical 
properties in the rays of light, and opens a new 
field for experiment and investigation to the phi- 
losopher. he only defect in the picture is, that 
it is not colored; but, in the progress of experi- 
ments, on this subject, itis not unlikely that even 
this object may be accomplished, in which case 
we should be able to obtain’ the most accurate 
landscapes and representationsof all objects which 
can possibly be formed. This art or discovery 
goes by the name of the Daguerreotype, from M. 
Daguerre, a Frenchman, who is supposed to have 
been the first discoverer, and who received a large 
premium from the French government for disclo- 
sing the process, and making the discovery pub- 
lic. Several improvements and modifications, in 
reference to the preparation of the plates, have 
been madé since the discovery was first announced, 
about the beginning of 1839; and the pictures 
formed on this principle are frequently distin- 
guished by the name of Photogenic drawings, and 
are now exhibited at most of our public scientific 
institutions. 

This new science or art has been distinguished 
by different names. It was first called Photogra- 
phy, from-two Greek words, signifying writing by 
light: it was afterward called the art of Photogenic 
Drawing, or drawing produced by light. M. 
Daguerre gave it the name of Heliography, or 
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writing by the sun; all which appellatives are de- 
rived from the Greek, and are expressive, in some 
degree, of the nature of the process. We shall, 
however, make use of the term Daguerreotype, 
derived from the name of the inventor. 

As it does not fall within our plan to give any 
minute descriptions of the Daguerreotype process, 
we shall just give a few general hints in reference 
to it, referring those who wish for particular de+ 
tails to the separate treatises which have been 
published respecting it. The first thing necessa- 
ry to be attended to in this art is the preparation 
of the plate on which the drawing is to be made. 
The plate consists of a thin leaf of copper, plated 
with silver, both metals together not being thicker 
than a card. The object of the copper is simply 
to support the silver, which must be the purest 
that can be procured. But, though the copper 
should be no thicker than to serve the purpose of 
support, it is necessary that it should be so thick 
as to prevent the plate from being warped, which 
would produce a distortion of the images traced 
upon it. This plate must be polished; and for 
this purpose the following articles are required: 
a vial of olive oil; some very fine cotton; pumice- 
powder ground, until it is almost impalpable, and 
tied up in a piece of fine muslin, thin enough to 
let the powder pass through without touching the 
plate when the bag is shaken; a little nitric acid, 
diluted with sixteen times, by measure, its own 
quantity of water; a frame of wire on which to 
place the plate when being heated; a spirit lamp 
to make the plate hot; a small box, with inclined 
sides within, and having a lid to shut it up close; 
and a square board large enough to hold the draw- 
ing, and having catches at the side to keep it 
steady. 

To the above prerequisites, a good camera ob- 
scura is, of course, essentially necessary. This 
instrument should be large enough to admit the 
plate of the largest drawing intended to be taken. 
The lens which forms the image of the object 
should, if possible, be achromatic, and of a consid- 
erable diameter. In an excellent instrument of 
this description now before me, the lens is an 
achromatic about three inches diameter, but ca- 
pable of being contracted to a smaller aperture.— 
Its focal distance is about 17 inches; and the box, 
exclusive of the tube which contains the lens, is 
15 inches long, 131g inches broad, and 11 inches 
deep. It forms a beautiful and well-defined pic- 
ture of every well enlightened object to which it 
is directed. ‘ 

Before the plate is placed'in the camera, there 
are certain operations to be performed. 1. The 
surface of the plate should be made perfectly _ 
smooth or highly polished. For this purpose it 
must be laid flat, with the silver side upward, 
upon several folds of paper for a bedding; and 
having been well polished in the usual way, the 
surface must be powdered equally and carefully 
with fine pumice inclosed in the muslin bag.— 
Then taking a little cotton wool, dipped in olive 
oil, it must be rubbed over the plate with round- 
ing strokes, and then crossing them by others 
which commence at right angles with the first— 
This process must be repeated frequently, chang- 
ing the cotton, and renewing the pumice-powder 
every time. A small portion of cotton must now 
be moistened with the diluted nitric acid, and 
applied equally to the whole surface. The next 
thing to be done is to make the plate thoroughly 
and equally hot, by holding the plate with a pair 
of pinchers by the corner over a charcoal fire, and 
when the plate is sufficiently hot, a white coating 
will be observed on the silver, which indicates that 
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that part of the operation is finished.’ An even 


cold surface is next wanted, such as a metallic 
plate cooled almost to the freezing” point by 
muriate of soda, and to this the heated plate must 
be suddenly transferred. 

2. The next operation is to give the plate a coat- 
ing of iodine. ‘This is accomplished by fixing the 
plate upon a board, and then putting it into.a box 
containing a little dish with iodine divided into 
small pieces, with its face downward, an ou” 
ported with small brackets at the corners. In 
this position the plate must remain until it assume 
a full gold color, through the condensation of the 
iodine on its surface, which process should be con- 
ducted in adarkened apartment. The requisite 
time for the condensation of the iedine varies from 
five minutes to half an hour. When this process 
is satisfactorily accomplished, the plate should be 
immediately fixed in a frame with catches and 
bands, and placed in.the camera; and the trans- 
ference from one receptacle to another should be 
made as quickly as possible, and with only so 
much light as will enable the operator to see what 
he is doing. 

3. The next operation is to obtain the drawing. 
Having placed the camera in front of the scene 
to be represented, and the lens being adjusted to 
the proper focus, the ground glass of the camera is 
withdrawn, and the prepared plate is substituted 
for it, and the whole is left until the natural 
images are drawn by the natural light from the 
object. The time necessary to leave the plate for 
a complete delineation of the objectsdepends upon 
the intensity of the light. Objects in the shade 
will require more time for their delineation than 
those in the broad light. The full, clear light of 
the south of Europe, Spain, Italy, and particularly 
the more glowing brilliancy of tropical countries, 
will effect the object much more speedily than the 
duller luminosity of orthern clime. Some 
hours of the day are likewise more favorable than 
others. Daguerre states that “the most. favorable 
is from 7, A-M., to 30’clock, p. m., and that a draw- 
ing could be effected in Paris in three or four mi- 
nutes in June and July, which would require five 
or six in May and August, and seven or eight in 
April and September.”? In the progress of this 
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The paper is to be dipped into a solution of 
salt in water, in the proportion of half an ounce 
of salt to half a pint of water. Let the superfiu- 
ous moisture drain off, and then laying the paper 
upon a clean cloth, dab it gently with a napkin, 
so as to prevent the salt collecting in one spot 
more than in another. The paper is then to be 
pinned down, by two of its corners, on a drawing- 
board, by means of common pins, and one side 
washed or wetted-with the photogenic fluid, using 
the brush prepared for that purpose, and taking 
care to distribute it equally. Next, dry the paper 
as rapidly as you can at the fire, and it will be fit 
for use for most purposes. If, when the paper is 
exposed to the sun’s rays, it should assume an ir- 
regular tint, a very thin extra wash of the fluid 
will render the color uniform, and at the same 
time, somewhat darker. Should it be required to 
make a more sensitive description of paper, after 
the first application of the fluid the solution of 
salt should be applied, and the paper dried at the 
fire. Apply a second wash of the fluid, and dry 
it at the fire again: employ the salt a third time, 
dry it, and one application more of the fluid will, 
when dried, have made the paper extremely sensi- 
tive. When slips of such papers, differently pre- 
| pared, are exposed to the action of daylight, those 

which are soonest affected by the light, by becom- 
ing dark, are the best prepared. 

When photogenic drawings are finished in a 
perfect way, the designs then taken on the plate 
or paper are exceedingly beautiful and correct, 
and will bear to be inspected with a considerable 
magnifying power, so that the most minute por- 
tions of the objects delineated may be distinctly 
perceived. We have seen portraits finished in this 
way by a London artist with an aceuracy which 
the best miniature painter could never attempt, 
every feature being so distinct as to bear being 
viewed with a deepmagnifier. And in landscapes 
and buildings, such is the delicacy and accuracy 
of such representations, that the marks of the 
chisel and the crevices in the stones may fre- 
quently be seen by applying a magnifying lens to 
the picture; so that we may justly exclaim, in the 
words of the poet, ‘“* Who can paint like Nature!”? 
That tight—which is the first-born of Deity, 





art, at the aaa time, portraits and other objects | which pervades all space, and illuminates all worlds 


delineated in the eourse of a few 
mmediately after removing the plate 
aera, it is next placed over the vapor 
y> W s placed in a cup at the bot- 
0 Spirit lamp applied to its bottom 
until the temperature rise to 140° of Fahrenheit. 
This process is intended to bring out the image, 
_ which is not visible withdrawn from the 

camera; but in the course of a few minutes, a 
faint tracery will begin to appear, and in a very 
short time the figure will be clearly developed. 

5. The next operation is to fix the impression. 
In order to this, the coating on which the design 
was impressed must be removed, to preserve it 
from being decomposed by the rays of light. For 
this purpose, the plate is placed ii a trough con- 
taining common water, plunging and withdrawing 
it immediately, and then plunging it into a solu- 
tion of salt and water until the yellow coating has 
disappeared. 

Such is a very brief sketch of tho photogenic 
processes of Daguerre. Other substances, how- 
ever, more easily prepared, have been recommend- 
ed by Mr. Talbot, F.R.S., who appears, about the 
same time to have invented a process, somewhat 
similar to that of Daguerre. The following are 


his directions for the preparation of photogenic 
paper : 


are freque 
: . 










—in the twinkling of an eye, and with an accu- 
racy which no art can imitate, depicts every 
object in its exact form and proportions, superior 
to everything that human genius can produce. 
‘The photogenic art, in its progress, will doubtless 
be productive of many highly interestingand bene- 
ficial effects. It affords us the power of repre- 
senting, by an accurate and rapid process, all the 
grand and beautiful objects connected with our 
| globe, the landscapes peculiar to every country, 
the lofty ranges of mountains which distinguish 
Alpine regions, the noble edifices which art has 
reared, the monumental remains of antiquity, and 
every other object which it would be interesting 
for human beings to contemplate; so that, in the 
course of time, the general scenery of our world, 
in its prominent parts, might be exhibited to ale 
most every eye. The commission of the French 
Chambers, when referring to this art, has the fol- 
lowing remark: “'T'o copy the millions: upon 
millions of hieroglyphies which cover even the 
exterior of the great monuments of Thebes and 
Memphis, of Carnac, &c., would require scores of 
years and legions of designers. By the assistance 
of the Daguerreotype, a ~—— could finish 
that immense work.” This instrument lavs down 
objects which the visual organs of man would 
overlook, or might be unable to perceive, with the 
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same minuteness and nicety that it delineates the 
most prominent features of a landscape. The 
time-stained excrescences on a tree, the blades of 
grass, the leaf of a rose, the neglected weed, the 
moss on the summit of a lofty tower, and similar 
objects, are traced with the same accuracy as the 
larger objects in the surrounding scene. 

‘It is not improbable, likewise, that this art (still 
in its infancy), when it approximates to perfection, 
may enable us to take representations of the sub- 
fime objects in the heavens. The sun affords suf- 
ficient light for this purpose; and there appears 
no insurmountable obstacle in taking, in this way, 
a highly magnified picture of that luminary, 
which shall be capable of being again magnified 
by a powerful microscope. It is by no means im- 
probable, from experiments that have’ hitherto 
been made, that we may obtain an accurate deli- 
neation of the lunar world from the moon herself. 
The plated discs prepared by Daguerre receive 
impressions from the action of the lunar rays to 
such an extent as permits the hope that photo- 
graphic charts of the moon may soon be obtained; 
and, if so, they will excel in accuracy all the de- 
lineations of this orb that have hitherto been 
obtained; and if they should bear a microscopic 
power, objects may be perceived on the lunar sur- 
face which have hitherto been invisible. Nor is 
it impossible that the planets Venus, Mars, Jupiter, 
and Saturn may be delineated in this way, and 
objects discovered which cannot be descried by 
means of the telescope. It might, perhaps, be 
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considered as beyond the bounds of probability to 
expect that even distant nebule might thus be fixed, 
and a delineation of their objects produced which 
shall be capable of being magnified by micro- 
scopes; but we ought to consider that the art is 
yet only in its infancy, that plates of a more de- 
licate nature than those hitherto used may yet be 
prepared, and that other properties of light may 
yet be discovered which shall facilitate such de- 
signs. For we ought now to set no boundaries to 
the discoveries of science, and to the practical ap- 
plications of scientific discovery which genius and 
art may accomplish. : 

In short, this invention leads to the conclusion 
that we have not yet discovered all the wonderful 
properties of that luminous agent which pervades 
the universe, and which unvails to us its beauties 
and sublimities; and that thousands of admirable 
objects and agencies may yet be disclosed to our 
view through the medium of light, as philosophi- 
cal investigators advance in their researches and 
discoveries. In the present instance, as well as in 
many others, it evidently appears that the Creator 
intends, in the course of his providence, by means 
of scientific researches, gradually to open to the 
view of the inhabitants of our world the wonders, 
the beauties, and the sublimities of his vast crea- 
tion; to manifest his infinite wisdom and his su- 
perabundant goodness, and to raise our souls to the 
contemplation and the love of him who is the 
original source of all that is glorious and benefi- 
cent in the scene.of nature. 





CHAPTER III. 
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ON THE OPTICAL ANGLE, AND THE APPARENT MAGNITUDE OF OBJECTS. 


In order to understand the principle on which 
telescopes represent distant objects as magnified, 
it may be expedient to explain what is meant by 
the angle of vision, and the apparent magnitudes 
under which different objects appear, and the 
same object, when placed at different distances. 

The optical angle is the angle contained under 
two right lines drawn from the extreme points of 
an object to the eye. Thus AE Bor CE D 
(gg t0*) is the optical or visual angle, or the 


Fig. 40* 
F 
eae 
B 
B : 
D 
G 


angle under which the object A B or C D appears 
to the eye at E. These two objects, being at dif- 
ferent distances, are seen under the same angle, 
although C D is evidently larger than AB. On 
the retina of the eye, their images are exactly of 
the same size, and so is the still larger object Ff’ G. 

The apparent magnitude of objects denotes their 
magnitude as they appear to us, in contradistinc- 
tion from their real or true magnitude, and it is 
measured by the visual angle; for, whatever ob- 
jects are seen under the same, or equal angles, 
appear equal, however different their real magni- 
tudes. If a half crown or half dollar be placed 
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at about 120 yards from the eye, it is just per- 
ceptible as a visible point, and its apparent magni- 
tude, or the angle under which it is seen, is very 
small. At the distance of thirty or forty yards, 
its bulk appears sensibly increased, and 









ceive it to be a round body; at the dis ‘of six 
or eight yards we can see the king or queen’s 
head engraved upon it; and at the Mistanes OF “ 





ye it will appear so 
cover a large building 
of a quarter of a mile; 


eight or ten inches from th 
large that it will seem | 
placed within the dist 





in other words, the apparent magnitude of the 
half crown, held at such a distance, will more 
than equal that of such a building in the pic- 
owing to the increase of 


If we suppose A (fig. 41) 
Fig. 41. 


ture on the rep 
the optical angle. 





to represent the apparent size of the half crown 
at nine yards’ distance, then we say it is seen un- 
der the small angle F ED. B will represent its 
apparent magnitude at Ale yards distant under 
the angle H E G, and the circle C, its apparent 
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magnitude at 3 yards distant, under the large an- 

gle K E I. 
This may 

lowing figure: 


4 


be otherwise illustrated by the fol- 
Let A B (fig. 42) be an object 


Fig. 42. 
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viewed directly by the eye Q R. From each ex- 
tremity A and B draw the lines A N, B M, inter- 
secting each other in the crystalline humor in J: 
then is A I B the optical angle which is the mea- 
sure of the apparent magnitude or length of the 
object A B. From an inspection of this figure, 
it will evidently appear that the apparent magni- 
tudes of objects will vary according to their dis- 
tances. Thus A B,C D, E F, the real magni- 
tudes of which are unequal, may be situated at 
such distances from the eye as to have their appa- 
rent magnitudes all equal, and occupying the 
same space on the retina, M N, as here represent- 
ed. In like manner, objects of equal magnitude, 
placed at unequal distances, will appear unequal. 
The objects A B and G H, which are equal, be- 
ing situated at different distances from the eye, 
G H will appear under the large angle 7’ I V, or 
as large as an object J V, situated at the same 
place as the object A B, while A B appears under 
the smallerangle A JB. Therefore the object GH 
is apparently greater than the object A B, though it 
is only equal to it. Henceit appears that we have 
no certain standard of ue magnitude of ob- 
jects by our visual perception abstractly con- 
sidered, but only of the praportions of magnitude. 

In reference to apparent magnitudes, we scarce- 
ly ever judge any object to be so great or so small 
as it appears to be, or that there is so great a dis- 
parity in the visible magnitude of two equal bo- 
dies at different distances from the eye. Thus, 
for example, suppose two men, each six feet three 
i igh, to stand directly before us, one at the 
ole, or 51g yards, and the other at 
)) poles, or 550 yards: we should 



















size, but we | searcely sufpose, at first sight, 
that the one nearest the eye appeared a hun- 

eé other, or that, while 
the nearest one appeared si 
high, the remote one appea 


ix feet three inches 
red only about three- 


fourths of an inch. Yet such is in reality the 


of the one is to that of the other as the square of 
these numbers, namely, as 10,000 to 1; the man 
nearest us presenting to the eye a magnitude or 
surface ten thousand times greater than that of 
the other. Again, suppose two chairs standing 
in a large room, the one twenty-one feet distance 
from us, and the other three feet; the one nearest us 
will appear seven times larger, both in length and 
breadth, than the more distant one, and, conse- 
quently, its visible area forty-nine times greater. 
If [hold up my finger at nine inches distance 
from my eye, it seems to cover a large town a 
mile and a half in extent, situated at three miles 
distance; consequently, the apparent magnitude 
of my finger, at nine inches distance from the or- 
gan of vision, is greater than that of the large 
town at three miles distance, and forms a larger 


case; and uot only so, but thes bulk or area 
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picture on the retina of the eye. When I stand 
at the distance of a foot from my window, and 
look through one of the panes to a village less 
than a quarter of a mile distant, I see, through 
that pane, nearly the whole extent of the village, 
comprehending two or three hundred houses; con- 
sequently the apparent magnitude of the pane is 
equal to nearly the extent of the village, and all 
the buildings it contains do not appear larger than 
the pane of glass in the window, otherwise the 
houses and other objects which compose the vil- 
lage could not be seen through that single pane. 
For, if we suppose a line drawn from one end of 
the village, passing through the one side of the 
pane, and another line drawn from the other end, 


and passing through the other side of the pane to 
the. , these lines would form the optical angle 


under which, the pane of glass and the village ap- 
pears. If the pane of glass be fourteen inches 
broad, and the length of the village 2640 yards, or 
half a mile, this last lineal extent is 6788 times 
greater than the other, and yet they have the same 
apparent magnitude in the case supposed. 

Hence we may learn the absurdity and futility 
of attempting to describe the extent of spaces in 
the heavens, by saying that a certain phenomenon 
was two or three feet or yards distant from an- 
other, or that the tail of a comet appeared several 
yards in length. Such representations can con- 
vey no definite ideas im relation to such magni- 
tudes, unless it be specified at what distance from 
the eye the foot or yard is supposed to be placed. 
If a rod, a yard in length, be held at nine inches 
from the eye, it will subtend an angle, or cover a 
space in the heavens, equal to more than one- 
fourth of the circumference of the sky, or about 
one hundred degrees. If it be eighteen inches from 
the eye, it will cover a space equal to fifty degrees; 
if at three feet, twenty-five degrees, and so on 
in proportion to the distance from the eye; so 
that we can form no correct conceptions of ap- 
parent spaces or distances in the heavens, when 
we are merely told that two stars, for example, 
appear to be three yards distant from each other. 
The only definite measure we can use in such a 
case is that of degrees. The sun and moon are 
about half a degree in apparent diameter, and the 
distance between the extreme stars in Orion’s belt 
three degrees, which measures, being made fami- 
liar to the eye, may be applied to other spaces of 
the heavens, and an approximate idea conveyed 
of the relative distances of objects in the sky. 

From what has been stated above, it is evident 
that the magnitude of objects may be considered 
in different points of view. The true dime 1S 
of an object, considered in itself, give w is 
called its real or absolute magnitude; and the open- 
ing of the visual angle determines the apparent 
magnitude. The real magnitude, therefore, is a 
constant quantity; but the apparent magnitude 
varies continually with the distance, real or ima- 
ginary; and, therefote, if we always judged of 
the dimensions of an object from its apparent 
magnitude, everything around us would, in this 
respect, be undergoing very sensible variations, 
which might lead us into strange and serious mis- 
takes. A fly, near enough to the eye, might ap- 
pear under an angle as great as an elephant at 
the distance of twenty feet, and the one be mis- 
taken for the other. A giant eight feet high, seen 
at the distance of twenty-four feet, would not ap- 
pear taller than a child two feet in hight at the 
distance of six feet; for both would be seen near- 
ly under the same angle. our Re esiaics 
generally prevents us from being deceived by such 
illusions. By the help of touch, and by making 
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allowance for the different distances at which we 
see particular objects, we learn to correct the ideas 
we might otherwise form from attending to the 
optical angle alone, especially in the case of ob- 
jects that are near us. By the sense of touch we 
acquire an impression of the distance of an ob- 
ject; this impression combines itself with that of 
the apparent magnitude, so that the impression 
which represents to us the real magnitude is the 
product of these two elements. When the objects, 
however, are at a great distance, it is more diffi- 
cult to form a correct estimate of their true mag- 
nitudes. The visual angles are so small that they 
prevent comparison; and the estimated bulks of 
the objects depend, in a great measure, upon the 






apparent magnitudes; and thus an object ted 
ata great distance appears to us much Ner 
than it is in reality. We also estimate ne sts to 
be nearer or farther distant according as they are 


more or less clear, and our perception of them 
more or less distinct and well-defined; and like- 
wise when several objects intervene between us 
and the object we are particularly observing. We 
make a sort of addition of all the estimated dis- 
tances of intermediate objects, in order to form a 
total distance of the remote object, which, in this 
case, appears to be farther off than if the inter- 
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vening space were unoccupied. It is generally 
estimated that no terrestrial object can be distinct- 
ly perceived if the visual angle it subtends be less 
than one minute of a degree, and that most objects 
become indistinct when the angle they subtend 
at the pupil of the eye is less than six minutes. 

We have deemed it expedient to introduce the 
above remarks on the apparent magnitude of ob- 
jects, because the principal use of a telescope is 
to inerease the angle of vision, or to represent ob- 
jects under a larger angle than that under which 
they appear to the naked eye, so as to render the 
view of distant objects more distinct, and to ex- 
hibit to the organ of vision those objects which 
would otherwise be invisible. A telescope may 
be said to enlarge an object just as many times as 
the angle under which the instrument represents 
it is greater than that under which it appears to 
the unassisted eye.. Thus the moon appears to 
the naked eye under an angle of about half a de- 
gree; consequently, a telescope magnifies 60 times 
if it represents that orb under an angle of 30 de- 
grees; and if it magnified 180 times, it would ex- 
hibit the moon under an angle of 90 degrees, 
which would make her appear to fill half of the 
visible heavens, or the space which intervenes 
from the horizon to the zenith. 


CHAPTER IV. 


ON THE DIFFERENT KINDS OF REFRACTING TELESCOPES. — 


Tuere are two kinds of telescopes, correspond- 
ing to two modes of vision, namely, those which 
perform their office by refraction through lenses, 
and those which magnify distant objects by re- 
flection from mirrors. The telescope which is 
constructed with lenses produces its effects solely 
by refracted light, and is called a Dioptric, or re- 
fracting telescope. The other kind of telescope 
produces its effects partly by reflection, and part- 
ly by refraction, and is composed both of mirrors 
and lenses; but the mirrors form the principal 
part of the telescope, and: therefore such instru- 
ments are denominated reflecting telescopes. In 
this chapter I shall describe the various kinds of 
refracting telescopes. 


SECTION I. 


¥ Tue GALILEAN TELESCOPE. 

Tus telescope is named after the celebrated 
Galileo, who first constructed, and probably in- 
vented it in the year 1609. It consists of only 
two glasses, a conver glass next the object, and a 
concave next the eye. The convex is called the 
abject-glass, and the concave, to which the eye is 
applied, is called the eye-glass. Let C (fig. 43) 
represent the convex object-glass, presented to 


Fig. 43. 





any object in the direction D E JI, so that the 
rays fall parallel upon it; if these rays, after pass- 
ing through it, were not intercepted by the con- 
cave lens K, they would pass on, and cross eech 
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other in the focus #, where an inverted image of 
the object would be formed. But the concave lens 
K, the virtual focus hich is at F’, being inter- 
posed, the rays are not suffered to converge to 
that point, but are made less convergent,* ‘and 
enter the pupil almost parallel, as G H, and are 
converged by the humors of the eye to their pro- . 
per foci on the retina. The object, through this 
” ae is seen upright, or in its natural posi- 
tion, because the rays are not suffered to come to 
a focus, so as to form an inverted picture. The 
eoncave eyeglass is placed as far within the focus 
of the object-glass as is equal to virtual 
focus; and the magnifying po 
length of the object-glass to th 
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that is,asC FtoB Fr. Ti upp 
of the object-glass to be ten inches, a 
of the eyeglass to be one inch, the magnifying 
power will be ten times, which is always found 
by dividing the focal length of the object-glass by 
that of the eyeglass. The interval between the 
two glasses, in this case, will be nine inches, 
which is the length of the telescope, and the ob- 
jects seen through it will appear under an angle 
ten times greater than they do to the naked eye. 
These propositions might be proved mathemati- 
cally; but the process is somewhat tedious and 
intricate, and might not fully be understood by 
general readers. I shall therefore only mention 
some of the general properties of this telescope, 
which is now seldom used, except for the purpose 
of opera-glasses. 

J. The focal distance of the object-glass must 
be greater than that of the eyeglass, otherwise it 
would not magnify an object; if the focal dis- 
tance of the eyeglass were greater than that of 








* It is one of the properties of concave Jenses to render 
convergent rays less convergent, and when placed as here 
supposed, to render them parallel; and it is parallel rays 
that. produce distinct vision, 
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the object-glass, it would diminish objects instead 
of magnifying them. 2. The visible area of the 
object is greater, the nearer the eye is to the glass; 
and it depends on the diameter of the pupil of the 
eye, and on the breadth of the object-glass; con- 
sequently, the field of view in this telescope is 
very small. 3. The distinctness of vision in this 
construction of a telescope exceeds that of st 
any other. ‘This arises from the rays of light pro- 
ceeding from the object directly through the lenses} 
without crossing or intersecting each other; where- 
as, in the combination of convex lenses, they in- 
tersect one another to form an image in the focus 
of the object-glass, and this image is magnified by 
the eyeglass with all its imperfections and distor- 
tions. 


the field of view in this telescope is very small, 
yet, where no other telescope can be procured, it 
might be made of such a length as to show the 
spots on the sun, the crescent of Venus, the satel- 
lites of Jupiter, and the ring of Saturn ; and, re- 
- quiring only two glasses, it is the cheapest of all 
telescopes. It has been found that an object-lens 
five feet focal distance will bear a concave eyeglass 
of only one inch focal distance, and will conse- 
quently magnify the diameters of the planets sixty 
times, and their surfaces 3600 times, which is 
sufficient to show the phenomena now stated. 
And, although onlya small portion of the sun and 
moon can be seen at once, yet Jupiter and all his 
satellites may sometimes be seen at one view; but 
there is some difficulty in finding objects with 
such telescopes. 5. Opera-glasses, which are al- 
ways of this construction, have the object-lens 
generally about.six inches focus and one inch di- 
ameter, with a concave eyeglass of about two 
inches focus. These glasses magnify about three 
times in diameter, have retty large field, and 
produce very distinct visi When adjusted to 
the eye they are about four inches in length. To 
the object-end of an opera-glass there is some- 
times attached a plane mirror, placed at an angle 


of forty-five degrees, for the purpose of view me 
objects on either side of us. By this means, ina 
theater or assembly, we can take a view of any’ 


person without his having the least suspicion of it, 


as the directed in quite a different direc- 
tion. instrument with this appendage is 
‘ ometir lled a Polemoscope. 
‘ear i ha 
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SECT 10.N- 1. 
Tur COMMON ASTRONOMICAL REFRACTING TELE- 
SCOPE. 


Tum astronomical telescope ge most simple 
construction of a telescope, composed of convex 
lenses only, of which there are but two essentially 
necessary, though a third is sometimes added to 
the eyepiece for the purpose of enlarging the field 
of view. Its construction will be easily under- 
stood from a description of the following figure : 
Its two essential parts are an object-glass, A D, 
and an eyeglass EZ Y, so combined in a tube that 
the focus F of the object-glass is exactly coinci- 
dent with the focus of the,eyeglass. Let O B 
(fig. 44) represent a distinct object, from which 
rays nearly parallel proceed to the object-lens 
AD. The rays passing through thislens O 
will cross at F’, and form an image of the 
object at I M. This image forms, as it | 
were, an object to the eyeglass EZ Y, which D 
is of a short focal distance, and the eye is 
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The thinness of the center of the concave |. 
lens also contributes to distinctness. 4. Although | 








rr 


@* 


thus enabled to contemplate the object as if it were 
brought much nearer than it is in reality ; for the 
rays, which, after crossing, proceed in a divergent 
state, fall upon the lens E Y as if they proceeded 
from a real object situated at FP. All that is ef- 
fected, therefore, by such a telescope is to form an 
image of a distant object by m the object- 
lens, and then to give the eye such assistance as is 
necessary for viewing that image as near as possi- 
ble, so thatthe angle it shall subtend at the eye shall 
be very large compared with the angle which the 
object itself would subtend in the same situation. 

Here it may be expedient to explain, 1. How 
is arrangement of glasses shows distant objects 
netly; and 2. The reason why objects appear 
ified when seen through it. As to the first 
, it may be proved as follows: The rays 
B D, which are parallel before. they fall 
the object-glass, are by this glass refracted 
and united at its focus. In order, then, to distinct 
vision, the eyeglass must re-establish the parallel- 
ism of the rays, which is effected -by placing the 
eyeglass so that its focus may be at F’, and, con- 
sequently, the rays will proceed from it parallel 
to each other, and fall upon the eye in that direc- 
tion; for distinct vision is produced by parallel 
rays. 2. The reason why the object appears mag- 
nified will appear, if we consider that, if the eye 
viewed the object from the center of the object 
glass, it would see it under the angle O C B; let 
O Cand B C then be produced to the focus of the 
glass, they will then limit the image, J M, formed 
in the focus. If, then, two parallel rays are sup- 
posed to proceed to the eyeglass EF Y, they will 
be converged to its focus H, and the eye will see 
the image under the angle E H Y. The apparent 
magnitude of the object, therefore, as seen by the 
naked eye, is to the magnitude of the image as 
seen through the telescope,as OC Bto FE HY, 
or as the distance C F' to the distance F' G; in 
other words, as the focal length of the object-glass 
to that of the eyeglass. 

It is obvious from the figure, that, through this 
telescope, all objects will appear inverted; since 
the object O B is depicted by the object-glass in 
an inverted position at J M, and in this position 
is viewed by the eyeglass # Y; and, therefore, 
this kind of telescope is not well adapted for view- 
ing terrestrial objects, since it exhibits the tops 
of trees, houses, and other objects as undermost, 
and the heads of people as pointing downward. 
But this cireurhstance is of no consequence with 
respect to the heavenly bodies, since they are 
round, and it can make little difference to an ob- 
server which side of a globular body appears up- 
permost or undermost. All astronomical refract- 
ing telescopes invert objects; but they are pre- 
ferred to any other telescopes, because they have 
few glasses, and, consequently, more light. This 
telescope, however, can be transformed into a 
common day telescope for land objects by the ad- 
dition of two other eyeglasses, as we shall after- 
ward explain; but in this case a quantity of light 
is lost by refraction at each lens, for there is 
scarcely any transparent substance that transmits 
all the rays of light that fall upon it. 

The magnifying power of this telescope is found 
by dividing the focal distance of the object-glass by 
the focal distance of the eyeglass; tho quotient 
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gives the magnifying power, or the number of 
times that the object seen through the telescope 
appears larger or nearer than to the naked eye. 
Thus, for example, if the focal distance of the ob- 
ject-glass be 28 inches, and the focal distance of 
the eyeglass 1 inch, the magnifying power will 
be 28 times. If we would enlarge the telescope, 
and select an object-glass 10 feet, or 120 inches 
focus, an eyeglass of 2 inches focal length might 
be applied, and then the diameter of objects would 
be magnified 60 times, and their surfaces 3600 
times. If we would use an object-glass of 100 
feet, it would be necessary to select an eyeglass 
about 6 inches focus, and the magnifying power 
‘would be 200 times, equal to 1200 inches divided 
by 6. Since, then, the power of magnifying d 
pends on the proportion of the focal lengt 

the object and eyeglasses, and this proporti ai n 
be varied to any degree, it may seem strange to 
some that a short telescope of this kind will not 
answer that purpose as well asa long one. For 
instance, it may be asked why an object glass of 
10.feet focus may not be made to magnify as much 
as one of 100 feet focal length, by using-an eye- 
glass of half an inch focus, in which case the 
magnifying power would be 240 times? But it is 
to be considered that, if the power of magnifying 
be increased while the length of the telescope re- 
mains the same, it is necessary to diminish the 
focal length of the eyeglass in the same propor- 
tion, and this cannot be done, on account of the 
great distortion and coloring which would then 
appear in the image, arising both. from the deep 
convexity of the lens and the different refrangi- 
bility of the rays of light. It is found that the 
length of common refracting telescopes must be 
increased in proportion to the square of the in- 
crease of their magnifying power; so that, in or- 
der to magnify twice as much as-before with the 
same light and distinctness, the telescope must be 
lengthened four times; to magnify 3 times as 
much, 9 times; and to magnify 4 times as much, 
16 times; that is—suppose a telescope of 3 feet 
to magnify 33 times—in order.to procure a power 
four times as great, or 132 times, we must extend 
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the telescope to f@Mlength of 48 feet, or 16 times 
the length of the other. Much, likewise, depends 
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upon the breadth or aperture of the object-glass. 
If it be too small, there will not be sufficient light 
to illuminate the object; and if it be too large, 
the redundance of light will produce confusion in 
the image. ‘ ' 

The foregoing table, constructed originally by 
Huygens, and which I have recalculated and cor- 
rected, shows the linear aperture, the focal dis- 
tance of the eyeglass, and the magnifying power 
of astronomical telescopes of different lengths, 
which may serve as a guide to those who wish to 
construct telescopes of this description. 

In the above table the first column expresses 
the focal length of the object-glass in feet, the 
second column the diameter of the aperture* of 
the object-glass, the third column the focal dis- 


| tance of the eyeglass, and the fourth the magni- 


fying power, which is found by reducing the feet 
in the first column to inches, and dividing by the 
numbers in the third column. From this table 
it appears that, in order to obtain-a magnifying 
power of 168 times by this kind of telescope, it 
is requisite to have an object-glass of 70 feet focal 
distance, and an eyeglass five inches focus, and 
that the aperture of the object-glass ought not to 
be more than about 414 inches diameter. To ob- 
tain a power of 220 times requires a length of 
120 feet. 

The following is a summary view of the pro- 
perties of this telescope: 1. The object is always 
inverted.- 2. The magnifying power is always in 
the proportion of the focal distance of the object- 
glass to the eyeglass., 3. As the rays emerging 
from the eyeglass should be rendered parallel for 
every eye, there is a small sliding tube next the 
eye, which should be pushed out or in until the 
object appears distinct. When objects are pretty 
near, this tube requires to be pulled out a little. 
These circumstances require to be attended to in 
all telescopes. 4. The apparent magnitude of an 
object is the same wherever the eye be placed, but 
the visible area, or field of view, is the greatest 
when the eye is nearly at the focal distance of the 
eyeglass. 5. The visual angle depends on the 
breadth of the eyeglass, for it.is equal to the an- 
gle which the eyeglass subtends at the object- 
glass; but the breadth of the eyeglass cannot be 
increased beyond a certain limit without produ- 
cing coloring and distortion. Tae 

If the general principles on which this tele- 
scope is constructed be thoroughly understood, 


will be quite easy for the reader to understand 
the construction of all the ether kinds of tele- 
scopes, whether refracting or reflecting. A small 
astronomical telescope can be constructed in a 
few moments, provided one has at hand the fol- 
lowing lenses: 1. A common reading-glass, eight 
or ten inches focal distance: 2. A common mag- 
nifying lens, such as watchmakers or botanists 
use, of about 114 or 2 inches focus. Hold the 
reading-glass—suppose of ten inches focus—in 
the left hand opposite any object, and the magni- 
fying lens of two inches focus in the right hand 
near the eye, at twelve inches distance from the 
other ina direct line, and a telescope is formed 
which magnifies five times. I have frequently 
used this plan, when traveling, when no other tel- 
escope was at hand. 





* The word aperture, as applied to object-glasses, signi- 
fies the opening to let in the light, or that part of the object- 
glass which is left uncovered. An object-glass may be 3 


inches in diameter, but if one inch of this diameter be cov- 
ered, its aperture is said to be only 2 inches. 
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SECTION III. 
THE AERIAL TELESCOPE. 


Tue aerial is a refracting telescope of the kind 
we have now described, intended to be used with- 
outa tube in a dark night; for the use of a tube 


is not only to direct the glasses, but to make the’ 


place dark where the images are formed. It ap- 
pears, from the preceding table, that we cannot 
obtain a high magnifying power. with the com- 
mon astronomical telescope without making it of 
an extreme length, in which case the glasses are 
not manageable in tubes—which are either too 
slight and apt to bend, or too heavy and unwieldy 
if made of wood, iron, or other strong materials. 
The astronomers of the seventeenth century, 
feeling some inconveniences in making celestial 
observations with long tubes, contrived a method 
of using the glasses without tubes. Hartsocker, an 
eminent optician, contrived to fix them at the top 
of a tree, a high wall, or the roof of a house; but 
the celebrated Huygens, who was not only an 
astronomer, but also an excellent mechanic, made 
considerable improvements in the method of using 
an object-glass without a tube. He placed it at 
the top of a very long pole, having previously in- 
closed it in a short tube, which was made to turn 
in all directions by means of a ball and socket.— 
The axis of this tube he could command with a 
fine silken string, so as to bring it into a line with 
the axis of another short tube which he held in 
his hand, and which contained the eyeglass.— 


Fig. 45. 
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to keep it steady, there is a weight, m, suspended 
by a wire; J is a short wire to which the thread 
r Lis tied; 0 is the tube which holds the eyeglass; 
q the stick fixed to this tube, s a leaden bullet, and 
ta spool to wind the thread on; w is pins for the 
thread to pass through; x the rest for the observer 
to lean upon, and y the lantern. Fig. 46 is an 
apparatus contrived by M.dela Hire for managing 
the object-glass, but which it would be too tedious 
particularly to describe. To keep off the dew 
from the object-glass, it was sometimes included 
in a pasteboard tube, made of spongy paper, to 
absorb the humidity of the air. And, to find an 
object more readily, a broad annulus of white 
ne was put over the tube that carried the 
eyeglass, upon which the image of the object be- 
in nted, an assistant who perceived it might 
dae tube of the eyeglass into its place. 

Such was the construction of the telescopes 
with which Hevelius, Huygens, Cassini, and other 
eminent astronomers of the seventeenth century 
made their principal discoveries. With such tele- 
scopes Huygens discovered the fourth satellite of © 
Saturn, and determined that this planet was sur- 
rounded with a ring; and with the same kind of 
instrument Cassini detected the first, second, third, 
and fifth satellites of Saturn, and made his other 
discoveries. When the night was very dark, they 
were obliged to make the object-glass visible by 
means of a lantern so constructed as to throw 
the rays of light up to it in a parallel direction. 
—In making such observations they must 
have taken incredible pains, endured 
much cold and fatigue, and subjected 
themselves to very great labor and ex- 
pense—which almost makes us wonder 
at the discoveries they were instrumen- 
tal in bringing to light—and should 
make modern philosophers scnsible of 
the obligations they are under to such 
men as Newton and Dollond, through 
whose inventions such unwieldy instru- 
ments are no longer necessary. Tele- 
scopes of the description now -stated 
were made of all sizes, from 30 to above 
120 feet in length. Divini at Rome, and 
Campani at Bologna, were famed as ma- 
kers of the object-glasses of the lon 
focal distance to which we have alluded, 
who sold them for a great price, and took 
every method to keep the art of making 
them a secret. It was with telescopes 
made by Campani that Cassini made his 
discoveries. ‘They were made by the ex- 
press order of Louis XIV, and were of 
86, 100, and 136 Paris feet in focal 
length. M. Azout made one object- 
glass of 600 feet focus; but he was never 
able to manage it so as to make any 
practical observations with it. Hart- 
socker is said to have made some of a 
still greater focal length. The famous 
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The following is a more particular description of 


one of these telescopes: On the top of a long 
pole or mast a 6 (fig. 45), is fixed a board mova- 
ble up and down in the channel ¢ d; e isa per- 
pendicular arm fixed to it, and f fisatransverse 
board that supports the object-glass inclosed in 
the tube 7, which is raised or lowered by means 
of the silk cord r 1; 9 g is an endless rope with a 
weight h, by which the apparatus of the object- 
glass is counterpoised; & 1 is a stick fastened to 
the tube i; m the ball and socket, by means of 
which the object-glass is movable every way; and, 


- aerial telescope of Huygens was 123 

feet in focal length, with six inches of 
aperture. At his death he bequeathed it to the 
Royal Society of London, in whose possession it 
still remains. It required a pole of more than a 
hundred feet high on which to place the object- 
glass for general observations. It was with this 
glass that Dr. Derham made the observations to 
which he alludes in his preface to his “ Astro- 
Theology.’ When this glass was in the posses- 
sion of Mr. Cavendish, it was compared with one 
of Mr. Dollond’s forty-six inch treble object-glass 
achromatics, and the gentlemen who were present 
at the trial, said that “the Dwarf was fairly a 
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match for the Giant.’ It magnified 218 times, ; manner in which the rays of light are refracted 
and the trouble of managing it was said to be ex- | through the glasses of the telescopes we have now 


tremely tiresome and laborious. 


“SECTION TY. 


THE COMMON REFRACTING TELESCOPE FOR TER- 
RESTRIAL OBJECTS. 


described. Fig. 48 represents the rays of light as 
they pass from the object to the eye in the Gali- 
lean’ telescope. After passing in a parallel direc- 
tion to the object-glass, they are refracted by that 
glass, and undergo a slight convergence in passing 
toward the concave eyeglass, where they enter the 
eye in a parallel direction, but no image is formed 
previous to their entering the eye until they ar- 
rive at the retina. Fig. 49 represents the rays as 


; Turs telescope is constructed on the same prin-|they pass through the glasses of the astrono- 
ciple as the astronomical telescope already de-| mical telescope. The rays, after entering the ob- 
scribed, with the addition of two or three glasses. | ject-glass, proceed in a converging direction until 
In fig. 47, O B represents a distant object, L N| they arrive at its focus about A, where an image 


the object-glass, which forms the image 
in its focus, which is, of course, in an 

inverted position, and, if the eye were ap- 

plied to the lens E E, the object would ~ 
appear exactly as through the astronomi- 

cal telescope, every object being apparently 

turned upside down. To remedy this incon- 

venience, there are added two other glasses, 

F F and GG, by whicha second image is 

formed from the first, in the same position 

asthe object. In order to effect this, the first of . 
these two glasses, namely, J" F, is placed at twice 

its focal. distance from the former glass, E E, and | 
the other lens, G@ G, next the eye, is placed at the) 
same distance from F' F'; for all the three glasses | 
are supposed to be of the same focal distance.— 
Now the lens F' F, being placed at twice the focal 

distance for parallel rays from E £, receives the 

pencils of parallel rays after they have crossed 

each other at X, and forms an image at 7 m simi- 

lar to that at J M, and equal to it, but contrary 

in position, and consequently erect; which last 
image is viewed by the lens G G, in the same 

manner as the first image, J M, would be viewed 
by the lens E E. In this case the image J M is; 
considered as an object to the lens # F, of which 
it forms a picture in its focus, in a reverse posi- 
tion from that of the first image, and, of course, 
in the same position as the object. 

The magnifying power of this telescope is de- 
termined precisely in the same way as that of the 
astronomical telescope. Suppose the object-glass 
to be thirty inches focal distance, and each of the! 
eye-glasses 114 inch focal distance, the magnify- 
ing power is in the proportion of 30 to 114, or 20 
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times, and the instrument is, of course, considera- 
bly longer than an astronomical telescope of the | 
same power. The distance, in this case, betweeen 
the object-glass and the first eyeglass, H E, is 
3114 inches; the distance between E E and the 
second glass, I’ F’, is 3 inches, and the distance 
between F' F' and the glass @ G, next the eye, 3 
inches; in all, 3744 inches, the whole length of 
the telescope. Although it is usual to make use 
of three eyeglasses in this telescope, yet two will 
cause the object to appear erect, and of the same 
magnitude. For, suppose the middle lens, ELE; 
taken away, if the first lens, HE Ef, be placed at X, 
which is double its focal distance from the image, 
I M, it will, at the same distance, X m, on the 
other side, form a secondary image, i m, equal to 
the primary image J M, and also in a contrary 
position. But such a combination of eyeglasses 
produces a great degree. of coloring in the image, 
and therefore is seldom used. Even the com- 
bination now described, consisting of three lenses 
of equal focal distances, is now almost obsolete, 
and has given place to a much better arrangement, 
consisting of four glasses of different focal dis- 
tances, which shall be afterward described. 

The following figures, 48, 49, 50, represent the 








ae of the object is formed; they then proceed diverg- 


Fig. 47. 
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iE E B 
ing to the eyeglass, where they are rendered par- 
allel, and enter the eye in that direction. Fig. 56 
represents the rays as they converge and diverge 
in passing through the four glasses of the com- 
mon day telescope, described above. After pass- 
ing through the object-glass, they converge 

Fig 48. 


Fig: 49. Fig. 50. 





toward B, where the first image is formed. They 
then diverge toward the first eyeglass, whero they 
are rendered parallel, and, passing through the 
second eyeglass, they again converge and form a 
second image at C, from which point they again 
diverge, and, passing through the first eyeglass, 
enter the eye in a parallel direction If the 
glasses of these telescopes were fixed on long 

ieces of wood, at their proper distances from 
each other, and placed in a darkened room, when 
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the sun is shining, the beam of. the sun’s light 
would pass through them in the same manner as 
here represented. . 


SECTION V. 


TELESCOPE FORMED BY A SINGLE LENS. ‘ 

Tuis is a species of telescope altogether unno- 
ticed by optical writers, so far as I know; nor has 
the property of a single lens, in magnifying distant 
objects, been generally adverted to or recognized. 
It may not, therefore, be inexpedient to state a 
few experiments which | have made in relation to 
this point. When we hold a spectacle-glass of a 
pretty long focal distance—say from 20 to 24 
inches—close to the eye, and direct it to distant 
objects, they do not appear sensibly magnified — 
But if we hold the glass about 12 or 16 inches 
from our eye, we shall perceive a sensible degree 
of magnifying power, as if distant objects were 
seen at less than half the distance at which they 
are placed. This property of a spectacle-glass 
I happened to notice when a boy, and on different 
occasions since that period have made several ex- 
periments on the subject, some of which I shall 
here relate. 

With the object-glass of a common refracting. 
telescope, 414 feet focal distance, and 244 inches 
diameter, 1 looked at distant objects—my eye 
being at about 344 feet from the lens, or about 10 

12 inches within its focus—and it produced 
nearly the same effect asa telescope which mag- 
nifies the diameters of objects 5 or 6 times. With 
another lens, 11 feet focal distance and 4 inches di- 
ameter, standing fromitat the distance of about ten 
feet, I obtained a magnifying power of about 12 
or 14 times, which enabled me to read the letters 
on the signposts of a village half a mile distant — 
Having some time ago procured a very large lens, 
26 feet focal distance and 1114 inches diameter, I 
have tried with it various experiments of-this kind 
upon different objects. Standing at the? distance 
of about 25 feet from it, I can see distant objects 
through it magnified about 26'times in diameter, 
and consequently 676 times in surface, and re- 
markably clear and distinet, so that I ean-distin- 
guish the hour and minute hands of a public clock 
in a village two miles distant: This single lens, 
therefore, answers the purpose. of an ordinary 
telescope with a power of 26 times. In making 
such experiments, our eye must always be within 
the focus of the lens, at least 8 or 10 inches. The 
object will, indeed, be seen at any distance from 
the glass within this limit, but the magnifying 
power is diminished in proportion as we approach 
nearer to the glass. “Different eyes, too, will re- 
quire to place themselves at different distances, so 
as to obtain the greatest degree of magnifying 
power with distinctness, according as individuals 
are long or shortsighted. 

This kind of telescope stands in no need of a 
tube, but only of a small pedestal on which it may 
be placed on a table, nearly at the hight of the 
eye, and that it be capable of a motion ina per- 
pendicular or parallel direction, to bring it in a 
line with the eye and the object. The principle 
on which the magnifying power in this case is 
ns duced, is materially the same as that ‘on which 

h lilean telescope depends. The eye of the 
observer Serves instead of the concave lens in that 
instrument; and as the concave lens is placed as 
much within the focus of the object-glass as is 
equal to its own focal distance, so the eye, in 
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these experiments, must be placed at least its focal 
distance within the focus of the lens with which 
we are experimenting; and the magnifying power 
will be nearly in the proportion of the focal dis- 
tance of the lens to the focal distance of the eye. 


| If, for example, the focal distance of the eye, or the 


distance at which we see to read distinctly, be 10 
inches, and the focal distance of the lens 11 feet, 
the magnifying power will be as 11 feet, or 132 
inches to 10, that is, about 13 times. Let A (fig. 


51) represent the lens placed on a pedestal; the 
Fig. 51. 
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rays of light passing through this lens from dis- 
tant objects will converge toward a focus at F.— 
If a person then place his eye at HE, a certain dis- 
tance within the focal point, he will see distant 
objects magnified nearly in the proportion of the 
focal distance of the lens to that of the eye; and 
when the lens is very broad—such as the 26 feet 
lens mentioned above—two or three persons may 
look through it at once, though they will not all 
see the same object. I have alluded above to a 
lens made by M. Azout of 600 feet focal distance. 
Were it possible to use such a lens for distant ob- 
jects, it might represent them as magnified 5 or 
600 times, without the application of any eye- 
glass. In this way the aerial telescope of Huygens 


| would magnify objects above 100 times, whith is 


about half the magnifying power it produced with 
its eyepiece. Suppose Azout’s lens had been 
fitted up as a telescope, it would not have magni- 
fied above 480 times, as it would have required an 
eyeglass of 14 or 15 inches focal distance, whereas, 
without an eyeglass, it would have magnified 
objects considerably above 500 times. It is not 
unlikely that the species of telescope to which I 
have now adverted constituted one of those instru- 
ments for magnifying distant objects which were 
said to have been in the possession of certain per- 
sons long before theit invention in Holland, and 
by Galileo in Italy, to which I have referred in 
p- 55. Were this kind of telescope to be applied 
to the celestial bodies, it would require to be ele- 


vated upon a pole in the manner represented in 
fig. 45, p. 66. e 


SECTION VI. 
THE ACHROMATIC TELESCOPE. 


Tuts telescope constitutes the most important 
and useful improvement ever made upon telescopic 
instruments, and it is probable it will, ere long, 
supersede the use of all other telescopes. Its im- 
portance and utility will.at once appear when we 
consider that a good achromatic telescope of only 
4 or 5 feet in length will bear a magnifying power 
as great as that of a common astronomical tele- 
scope 100 feet long, and even with a greater de- 
gree of distinctness, so that they are now come 
into general use both for terrestrial and celestial 
observations. There are, indeed, certain obstruc- 
tions which prevent their being made of a very 
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large size;, but from the improvement in the man- 
ufacture of achromatic glass which is now going 
forward, it is to be hoped that the difficulties 
which have hitherto impeded the progress of op- 
ticians will soon be removed. In order to under- 
stand the nature of this telescope, it will be neces- 
sary to advert alittle to the imperfections connected 
with the common refracting telescopes. 

The first imperfection to which I allude is this, 
that spherical surfaces do not refruct the rays of 
light accurately to a point; and hence the image 
formed by a single convex lens is not perfectly 
accurate and distinct. The rays which pass near 
the extremities of such a lens meet in foci nearer 
to thelens than those which pass nearly through 
the center, which may be illustrated by the fol- 
lowing figure: Let P P (tig. 52) be a convex 
lens, and He, an object, the point E of which 





corresponds with the axis, and sends forth the rays 
EM, EN, E A, &c., all of which reach the sur- 
face of the glass, but in different parts: It is 
manifest that the ray HA, which passes through 
the middle of the glass, suffers no refraction. The 
rays HM, E M, likewise, which pass through near 
to £ A, will be converged to a focus at F', which 
we generally consider as the focus of the lens. 
But the rays H N, E N, which are nearer to the 
' edge of the glass, will be differently refracted, and 
will meet about G, nearer to the lens, where they 
will form anotherimage Gg. Hence it is evident 
that the first image, Ff, is formed only by the 
union of those rays which pass very near the cen- 
ter of the'lens; but as the rays of light proceed- 
ing from every point of an object are very nu- 
merous, there is a succession of images formed, 
according to the parts of the lens where they 
penetrate, which necessarily produces indistinct- 
ness and confusion. This is the imperfection 
which is distinguished by the name of spherical 
aberration, or the error arising from the spherical 
form of lenses. 

The second and most important imperfection 
of single lenses, when used for the object-glasses 
of telescopes, is, that the rays of compounded 
light being differently refrangible, come to their 
respective foci at different distances from the glass; 
the more refrangible rays, as the violet, converging 
sooner than those which are less refrangible, as 
the red. I have had occasion to illustrate this cir- 
cumstance, when treating on the colors produced 
by the prism (see p. 42, and figures 32 and 33), 
and it is confirmed by the experiment of a paper 
painted red, throwing its image, by means of a 
lens, at a greater distance than another paper 
painted blue. From such facts and experiments, 
it appears that the image of a white object con- 
sists in an indefinite number of colored images, 
the violet being nearest, and the red farthest from 
the lens, and the images of intermediate colors at 
intermediate distances. The aggregate, or image 
itself, must therefore be in some degree confused; 
and this confusion being much increased by the 
magnifying power, it is found necessary to use an 
eyeglass of a certain limited convexity to a given 
object-glass. ‘Thus, an object-glass of 34 inches 
focal ength will bear an eyeglass of only one 
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inch focus, and will magnify the diameters of ob- 
jects 34 times; one of 50 feet focal distance will 
require an eyeglass of 414 inches focus, and will 
magnify only 142 times; whereas, could we apply 
to it an eyeglass of only one inch focus, as in the 
former ease, it would magnify no less than 600 
times. And were we to construct an object-glass 
of 100 feet focal length, we should require to ap- 
ply an eyeglass not less than six inches focus, 
which would produce a power of about 200 times; 
so that there is no possibility of producing a great 
power by single lenses without extending the te- 
lescope to an immoderate length. 

Sir Isaac Newton, after having made his dis- 
coveries respecting the colors of light, considered 
the circumstance we have now stated as an insu- 
perable barrier to the improvement of refracting 
telescopes, and therefore turned his attention to 
the improvement of telescopes by reflection. In 
the telescopes which he constructed and partly 


‘invented, the images of objects are formed by re- 


flection from speculums or mirrors; and being 
free from the irregular convergency of the various 
colored rays of light, will admit of a much larger 
aperture and the application of a much greater de- 
gree of magnifying power. The reflector which 
Newton constructed was only six inches long, 
but it was capable of bearing a power equal, to 
that of a six feet refractor. It wasa long time, 
however, after the invention of these telescopes, 
before they were made of a size fitted for making 
celestial observations. After reflecting telescopes 
had been some time in use, Dollond made his fa- 
mous discovery of the principle which led him * 
the construction of the achromatic telescope. This 
invention consists of a compound object-glass 
formed of two different kinds of glass, by which 
both the spherical aberration and the errors arising 
from the different refrangibility of the rays of 
light are in a great measure corrected. For the 
explanation of the nature of this compound ob- 
ject-glass and the effects it produces, it may be 
expedient to offer the following remarks respect- 
ing the dispersion of light and its refraction by 
different substances. 

The dispersion of light is estimated by the va- 
riable angle formed by the red and violet rays 
which bound the solar spectrum, or, rather, it is 
the excess of the refraction of the most refrangi- 
ble ray above that of the least refrangible ray. 
The dispersion is not proportional to the refrac- 
tion, that is, the substances which have an equal 
mean refraction do not disperse light in the same 
ratio. For example,.if we make a prism with 
plates of glass, and fill it with oil of cassia, and 
adjust its refracting angle, A C B (fig. 31, p. 42), 
so that the middlé of the speetrum which it forms 
falls exactly at the same place where the green 
rays of a spectrum formed by a glass prism would 
fall, then we shall find that the spectrum formed 
by the ot! of cassia prism will be two or three 
times longer than that of the glass prism. 'The 
oil of cassia, therefore, is said to disperse the rays 
of light more than the glass, that is, to separate 
the extreme red and violet rays at O and P more 
than the mean ray at green, and to have a greater 
dispersive power. Sir I. Newton appears to have 
made use of prisms composed of different sub- 
stances, yet, strange to tell, he never observed that 
they formed spectrums whose lengths were differ- 
ent when the refraction of the green ray was the 
same, but thought that the dispersion was propor-— 
tional to the refraction. This error continued to 
be overlooked by philosophers for a considerable 
time, and was the cause of retarding the invention 
of the achromatic telescope for more than 50 years. 


7 


- was among the first who detected this 
error. By his experiments it appears that the dif- 
ferent kinds of glass differ extremely with respect 
to the divergency of colors produced by equal re- 
fractions. He found that two prisms, one of white 
flint glass, whose refracting angle was about 25 
degrees, and another of crown glass, whose re- 
fracting angle was about 29 degrees, refracted the 
beam of light nearly alike, but that the divergency 
of color in the white flint was considerably niore 
than in the crown glass; so that when they were 
applied together, to refract contrary ways, and a 
beam of light transmitted through them, though 
the emergent continued parallel to the incident 
part, it was, notwithstanding, separated into com- 
ponent colors. From this he inferred that, in or- 
der to render the emergent beam white, it is ne- 
cessary that the refracting angle of the prism of 
crown glass should be increased, and by repeated 
experiments he discovered the exact quantity. By 
these means he obtained a theory in which refrac- 
tion was performed without any separation or di- 
vergency of color, and thus the way was prepared 
for applying the principle he had ascertained to 
the construction of the object-glasses of refract- 
ing telescopes. For the edges of a convex and 
concave lens, when placed in contact with each 
other, may be considered as two prisms which re- 
fract contrary ways; and if the excess of refrac- 
tion in the one be such as precisely to destroy the 
divergency of color in the other, a colorless image 
will be formed. Thus, if two lenses are made 
of the same focal length, the one of flint glass 
the other of crown, the length or diameter 
£ the colored image in the first will be to that 
prodaced by the crown glassas three to two nearly. 
Now if we make the focal lengths of the lenses 
in this proportion, that is, as three to two, ‘the 
colored spectrum produced by each will be equal. 
But if the flint lens be concave, and the crown 
convex, when placed in contact they will mutu- 
ally correct each other, and a pencil of white light 
refracted by the compound lens will remain color- 
less. 
The following figure may perhaps illustrate 
what has been now stated. Let ZZ (fig. 53) 
represent a convex lens of crown glass, and ll a 


Fig. 53. 
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concave lens of flint glass. A ray of the sun, S, 
falls at J on the convex lens, which will refract it 
exactly as the prism A BC, whose faces touch 
the two surfaces of the lens at the points where 
the ray enters and quits it. The solar ray,.8 F, 
thus refracted by the lens Z ZL, or prisin A B O, 
would have formed a spectrum, P 7’, on the wall, 
had there been no other lens, the violet ray, F, 
crossing the axis of the lens at V, and going to 
the upper end, P, of the spectrum; and the red 
3 FR, going to the lower end, 7. But as the 
lass lens 1], or the prism A & CO, which re- 

s the rays I’ V, FR, at the same points, is 
interposed, these rays will bé united at f, and form 
asmall circle of white light; the ray S F of the 
sun being now refracted without color from its 
primitive direction S F Y into the new direction 
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F f. In like manner, the corresponding ray S M 
will be refracted to f, and a white and colorless 
image of the sun will be there formed by the two 
lenses. In this combination of lenses, it is obvi- 
ous that the spherical aberration of the flint lens 
corrects to a considerable degree that of the crown 
glass, and by a proper adjustment of the radii of 
the surfaces, it may be almost wholly removed. 
This error is still more completely corrected in — 
the triple achromatic object-glass, which consists 
of three lenses—a concave flint lens placed be- 
tween convexes of crown glass. Fig. 54 shows 
the double achromatic lens, and fig. 55 the triple 
object-glass, as they are fitted up in their cells, 
and placed at the object end of the telescope. In 


Fig. 54. 


Fig. 55. 

































































































































































































































































































































































consequence of their producing a focal image free 
of color, they will bear a much larger aperture 
and a much greater magnifying power than com- 
mon refracting telescopes of the same length. 
While a common telescope whose object-glass is 
316 feet focal distance will bear an aperture of 
scarcely one inch, the 31g feet achromatic will 
bear an aperture of 314 inches, and consequently 
transmits 104 times the quantity of light. While 
the -one can bear a magnifying power of only 
about 36 times, the other will bear a magnifying 
power for celestial objects of more than 200. times. 

The theory of the achromatic telescope is 
somewhat complicated and abstruse, and would 
require a more lengthened investigation than my 
limits will permit. But what has been already 
stated may serve to give the reader a general idea 
of the principle on which it is constructed, which 
is all I intended. The term achromatic, by which 
such instruments are now distinguished, was first 
given to them by Dr. Bevis. It is compounded of 
two Greek words which signify “free of color.” 
And were it not that even philosophers are not 
altogether free of that pedantry which induces us 
to select Greek words which are unintelligible to 
the mass of mankind, they might have been 
contented with selecting the plain English word 
colorless, which is. as significant and expressive as 
the Greek word achromatic. The crown glass, 
of which the convex lenses of this telescope are 
made, is the same as good common window glass; 
and the flint glass is that species of glass of which 
wine-glasses, tumblers, decanters, and similar ar- 
ticles are formed, and is sometimes distinguished 
by the name of crystal glass. Some opticians 
have occasionally formed the concave lens of an 
achromatic object-glass from the bottom of a 
broken tumbler. 

This telescope was invented and constructed by 
Mr. John Dollond, about the year 1758. When 
he began his researches into this subject, he was a 
silk weaver in Spitalfields, London. The attempt 
of the celebrated Euler to form a colorless tele- 
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scope, by including water between two meniscus 
glasses, attracted his attention, and in the year 
1753 he addressed a letter to Mr. Short, the opti- 
cian, which was published in the Philosophical 
Transactions of London, “concerning a mistake 
in Euler’s theorem for correcting the aberrations 
in the object-glasses of refracting telescopes.’’ 
After a great variety of experiments on the re- 
fractive and dispersive powers of different sub- 
stances, he at last constructed a telescope in which 
an exact balance of the opposite dispersive powers 
of the crown and flint lenses made the colors dis- 
appear, while the predominating refraction of the 
crown lens disposed the achromatic rays to meet 
ata distant focus. In constructing such object- 
glasses, however, he had several difficulties to en- 
counter. In the first place, the focal distance as 
well as the particular surfaces must be very nicely 
proportioned to the densities or refractive powers 
of the glasses, which are very apt to vary in the 
same sort of glassmade at different times. In the 
next place, the centers of the two glasses must be 
placed truly in the common axis of the telescope, 
otherwise the desired effect will be in a great mea- 
sure destroyed. To these difficulties is to be added, 
that there are four surfaces (even in double achro- 
matic object-glasses) to be wrought perfectly sphe- 
rical; and every person practiced in optical ope- 
rations will allow that there must be the greatest 
accuracy throughout the whole work. But these 
and other difficulties were at length overcome by 
the judgment and perseverance of this ingenious 
artist. , 

It appears, however, that Dollond was not the 
only person who had the merit of making this 
discovery—a private gentleman, Mr. Chest, of 
Chest Hall, a considerable number of years be- 
fore, having made a similar discovery, and applied 
it to the same purpose. This fact was ascertained 
in the course of a process raised against Dollond, 
at the instance of Watkins, optician at Charing 
Cross, when applying for a patent. But as the 
other gentleman had kept his invention a secret, 
and Dollond had brought it forth for the benefit of 
the public, the decision was given in his favor. 
There was no evidence that Dollond borrowed the 
idea from his competitor, and both were, to a cer- 
tain extent, entit!ed to the merits of the invention. 

One of the greatest obstructions to the con- 
struction of large achromatic telescopes is the 
difficulty of procuring large discs of flint glass of 
a uniform refractive density, of good color, and 
free from veins. It is said that fortunately for 
Mr. Dollond, this kind of glass was procurable 
when he began to make achromatic telescopes, 
though the attempts of ingenious chemists have 
since been exertedto make it without much suc- 
cess. Itis also said thatthe glass employed by Dol- 
lond in the fabrication of his best telescopes was of 
the same melting, or made at the same time, and 
that, excepting this particular treasure, casually 
obtained, good dense glass for achromatic purposes 
was always as difficult to be procured as itis now. 
The dispersion of the flint glass, too, is so variable, 
that, in forming an achromatic lehs, trials on each 
specimen require to be made before the absolute 
proportional dispersion of the substances can be 
ascertained. It is owing, in a great measure, to 
these circumstances that a large and good achro- 
matic telescope cannot be procured unless at a 
very high price. Mr. Tulley, of Islington—who 
has been long distinguished as a maker of excel- 
lent achromatic instruments—showed me, about 
six years ago,a rude piece of flint glass about five 
inches diameter, intended for the concave lens of 
an achromatic object-glass, for which he paid eight 
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guineas. This was before the piece of elasapetis 
either figured or polished, and, consequently, he had 
still to perform the delicate operation of figuring, 
polishing, and adjusting this concave to the convex 
lenses with which it was to be combined; and, 
during the process, some veins or irregularities 
might be detected in the flint glass which did not 
then appear. Some years before, he procured a 
disc of glass from the Continent, about seven or 
eight inches diameter, for which he paid about 
thirty guineas, with which an excellent telescope, 
twelve feet focal length, was constructed for the 
Astronomical Society of London. It is obvious, 
therefore, that large achromatic telescopes must 
be charged at a pretty high price. 

In order to stimulate ingenious chemists and 
opticians to make experiments on this subject, 
the Board of Longitude, more than half a century 
ago, offered a considerable reward for bringing the 
art of making good flint glass for optical purposes 
to the requisite perfection. But considerable dif- 
ficulties arise in attempting improvements of this 
kind, as the experiments must all be tried on a 
very large scale, and are necessarily attended with 
a heavy expense; and, although government has 
been extremely liberal in voting money for war- 
like purposes, and in bestowing pensions on those 
who stood in noneed of them, it has thrown an 
obstruction in the way of such experiments, by 
the heavy duty of excise, which is rigorously ex- 
acted, whether the glass be manufactured into sale- 
able articles or not, and has thus been instrumon- 
tal in retarding the progress of improvement and 
discovery. It would appear that experiments oe 
this kind have been attended with more sucess in 
France, Germany, and other places on the Conti- 
nent than in Britain, as several very large achro- 
matic telescopes have been constructed in those 
countries by means of flint glass, which was 
cast for the purpose in different manufactories, 
and to which British artists have been consider- 
ably indebted, as the London opticians frequently 
purchase their largest discs of flint glass from 
Parisian agents. Guinaud, a Continental experi- 
menter, and who was originally a cabinetmaker, 
appears to have had his labors in this department 
of art crowned with great success. Many years 
were employed in his experiments, and he too fre- 
quently, notwithstanding all his attention, disco- 
vered his metal to be vitiated by strie, specks, or 
grains, with cometic tails. He constructed a fur- 
nace capable of melting two cwt. of glass in one 
mass, which he sawed vertically, and polished one 
of the sections, in order to‘observe what had taken 
place during the fusion. From time to time, as he 
obtained blocks including portions of good glass, 
his practice was to separate them by sawing the 
blocks into horizontal sections, or perpendicular 
to their axes. A fortunate accident conducted him 
to a better process. While his men were one day 
carrying a block of this glass on a handbarrow to 
a sawmill which he had erected at the Fall of the 
Doubs, the mass slipped from its bearers, and roll- 
ing to the bottom of a steep and rocky declivity, 
was broken to pieces. Guinaud having selected 
those fragments which appeared perfectly homo- 
geneous, softened them in circular molds in such 
a manner, that, on cooling, he obtained discs that 
were afterward fit for working. To this method 
he adhered, and contrived a way for clearing his 
glass while cooling, so that the fractures should | 
follow the most faulty parts. When flaws occur- 
red in the large masses, they were removed by 
cleaving the pieces with wedges; then smelting 
them again in molds, which gave them the form 
of discs. The Astronomical Society of London 
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‘have made trial of dises made by Guinaud, and 
‘ found them entirely homogeneous and free 

fault. Of this ingenious artist’s flint glass 
some of the largest achromatic telescopes on the 
Continent have been constructed. Butit is more 
than twenty years since this experimenter took 
his flight from this terrestrial scene, and it is un- 
certain whether his process be still carried on with 


equal success. 
" “ 


NOTICES OF SOME LARGE ACHROMATIC TELESCOPES ON 
THE CONTINENT AND IN GREAT BRITAIN. 


1. The Dorpat Telescope—This is one of the 
largest and most expensive refracting telescopes 
ever constructed. It was made by the celebrated 
Fraunhofer, of Munich, for the observatory of the 
Imperial University of Dorpat, and was received 
into the observatory by Professor Strtive, in the 
year 1825. The aperture of the object-glass of 
this telescope is 914 English inches, and its solar 
focal length about 14 feet. the main tube being 13 
French feet, exclusive of the tube which holds 
the eyepieces. The smallest of the four magni- 
fying powers it possesses is 175, and the largest 
700, which, in favorable weather, is said to pre- 
sent the object with the utmost precision. This 
instrument,” says Striive, “was sold to us by 
Privy-counsellor Von Urzcunerper, the chief of 
the optical establishment at Munich, for 10,500 
florins (about £950 sterling), a price which only 
covers the expenses which the establishment in- 
curred in making it.’ The framework of the 
stand of this telescope is of oak, inlaid with pieces 

f mahogany in an ornamental manner, and the 
tube is of deal veneered with mahogany and high- 
ly polished. The whole weight of the telescope 
and its counterpoises is supported at one point, at 
the common center of gravity of all its parts; and 
though these weigh 3000 Russian pounds, yet we 
are told that this enormous telescope may be 
turned in every direction toward the heavens with 
more ease and certainty than other hitherto in use. 
When the object-end of the telescope is elevated 
to the zenith, it is sixteen feet four inches, Paris 
measure, above the floor, and its eye-end in this 
position is two feet nine inches high. This in- 
strument is mounted on an equatorial stand, and 
clockwork is applied to the equatorial axis, which 
gives it a smooth and regular sidereal motion, 
which, it is said, keeps a star in the exact center 
of the field of view, and produces the appearance 
of a state of rest in the starry regions, which mo- 
tion can be made solar, or even lunar, by a little 
change given to the place of a pointer that is 
placed as an index on the dial plate. Professor 

triive considers the optical powers of this tele- 
scope superior to those of Schroeter’s twenty-five 
feet. reflector, from having obsérved ¢ Orionis 
with fifteen companions, though Schroeter ob- 
served only twelve that he could count with cer- 
tainty. Nay, he seems disposed to place it in 
competition with the late Sir W. Herschel’s forty- 
feet reflector. The finder of this telescope has a 
focal distance of 30 French inches, and 2-42 aper- 
ture. 

2. Sir James South’s Telescopee—About the 
year 1829, Sir J. South, President. of the London 
Astronomical Society, procured of M. Cauchoix, 
of Paris, an achromatic object-glass of 11 2-10 
inches clear aperture, and of 19 feet focal length. 

flint glass employed in its construction was 
manufacture of the late Guinaud le Pere, and 

as found to bé absolutely perfect.. The first ob- 
servation was made with this telescope while on a 
temporary stand, on Feb. 13, 1830, when Sir J, 
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Herschel discovered with it a sixth star in the tra~ 
pezium in the nebula of Orion, whose brightness 
was about one-third of that of the fifth star dis- 
covered by Strive, which is as distinctly seen as 
the companion to Polaris is in a five feet achro- 
matic. Sir James gives the following notices of 
the performance of this instrument on the morn- 
ing of May 14,1830. ‘At half past two placed 
the 20 feet achromatic on the Georgium Sidus, 
saw it with a power of 346, a beautiful planetary 
disc; not the slightest suspicion of any ring, ei- 
ther perpendicular or horizontal; but the planet 
three hours east of the meridian, and the moon 
within three degrees of the planet. Ata quarter 
before three, viewed Jupiter with 252 and 346, 
literally covered with belts, and the diameters of 
his satellites might have been as easily measured 
as himself. One came from behind the, body, and 
the contrast of the color with that of the planet’s 
limb was striking. At three o’clock viewed Mars. 
The contrast of light in the vicinity of the poles 
very decided. Several spots on his body well and 
strongly marked; that about the south pole seems 
to overtake the body of the planet, and gives an 
appearance not unlike that afforded by the new 
moon, familiarly knewn as » old moon in the 
moon’sarms.’’’ -Saturn has been repeatedly seen 
with powers from 130 to 928, under circum- 
stances the most favorable; but not anything 
anomalous about the planet or its ring could even 
be suspected. This telescope is erected on an 
equatorial stand, at Sir J. South’s observatory, 
Kensington. 

3. Captain Smith’s Telescope in his private obser- 
vatory at Bedford—This achromatic telescope is 
816 feet focal length, with a clear aperture of 5 
9-10 inches, worked by the late Mr. Tulley, se- 
nior, from a disc purchased by Sir James South 
at Paris. It is considered by Captain Smith to be 
the finest specimen of that eminent optician’s 
skill, and, it is said, will bear with distinctness a 
magnifying power of 1200. Its distinctness has 
been proved by the clear vision it gives of the ob- 
scure nebule, and of the companions of Polaris, 
Rigel, « Lyre, and the most minute double stars 
—the lunar mountains, cavities, and shadows un- 
der all powers—the lucid polar regions of Mars— 
the sharpness of the double ring of Saturn—the 
gibbous aspect of Venus—the shadows of Jupiter’s 
satellites across his body, and the splendid contrast 
of colors in # Hercules, 7 Andromedée, and other 
superb double stars. 

Other large Achromatics—Beside the above, 
the following, belonging to public observatories 
and private individuals, may be mentioned. In 
the Royal Observatory at Greenwich there is an 
achromatic of 10 feet focal distance, having a 
double object-glass 5 inches diameter, which was 
made .by Mr. Peter Dollond, and the only one of 
that size he ever constructed. There is also a 46 
inch achromatic, with a triple object-glass 337 
inches aperture, which is said to be the most per- 
fect instrument of the kind ever produced. It 
was the favorite instrument of Dr. Maskelyne, 
late astronomer royal, who had asmall room fitted 
up in the observatory for this telescope. The ob- 
servatory some years ago erected near Cambridge 
is, perhaps the most splendid structure of the kind 
in Great Britain. It is furnished with several 
very large achromatic telescopes on equatorial 
machinery; but the achromatic telescope lately 
presented to it by the Duke of Northumberland 
is undoubtedly the largest instrument of this de- 
scription which is to be found in this country. 
The object-glass is said to be twenty-five feet 
focal distance, and of a corresponding diameter; 
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but as there was no access to this instrument at 
the time I visited the observatory, nearly six 
years ago, I am unable to give a particular de- 
scription of it. In the Royal Observatory at 
Paris, which I visited in 1837, I noticed, among 
other instruments, two very large achromatic 
telescopes, which, measuring them rudely by the 
eye, I estimated to be from 15 to 18 feet long, and 
the aperture at the object-end from 12 to 15 
‘inches diameter. They were the largest achro- 
matics I had previously seen; but I could find no 
person in the Observatory at that time who could 
give me any information as to their history, or 
to their exact dimensions or powers of magnify- 
ing.* 

The Rev. Dr. Pearson, treasurer to the Astro- 
nomical Society of London, is in possession of 
the telescope formerly alluded to made by Mr. 
Tulley, of twelve feet focal distance and seven 
inches aperture, which is said to be a very fine 
one. The small star which accompanies the pole- 
star, with a power of 100, appears through this 
telescope as distinct and steady as one of Jupiter’s 
satellites. With a single lens of 6 inches focus, 
which produced a power of 24 times, according 
to the testimony of an observer who noticed it, 
the small star appeared as it does in an achroma- 
tic of three inches aperture, which shows the 
great effect of illuminating power in such instru- 
ments. Mr. Lawson a diligent astronomical ob- 
server in Hereford, possesses a most beautiful 
achromatic telescope of about 7 inches aperture 
and 12 feet focal distance, which was made by 
one of the Dollands, who considered it his chef 
d’euvre. It is said to bear powers as high as 1100 
or 1400, and has been fitted up with mechanism, 
devised by Mr. Lawson himself, so as to be per- 
fectly easy and manageable to the observer, and 
which displays this gentleman’s inventive talent. 
In several of his observations with this instru- 
ment, he is said te have had a view of some of 
the more minute subdivisions of the ring of Sa- 
turn. A very excellent achromatic telescope was 
fitted up some years ago by my worthy friend 
William Bridges, Esq., Blackheath. Its object- 
glass is 514 inches diameter, and about 514 feet 
focal length. It is erected upon equatorial ma- 
chinery, and placed in a circular observatory 
which moves round with a slight touch of the 
hand. The object-glass of this instrument cost 
about 200 guineas; the equatorial machinery on 
which it is mounted cost 150 guineas; and the 
circular observatory in which it is placed about 
100 guineas, in all 450 guineas. Its powers vary 
from 50 to 300 times.+ 


ACHROMATIC TELESCOPES OF A MODERATE SIZE. 


Such telescopes as I have alluded to above are 
among the largest which have yet been made on 
the achromatic principle; they are, of course, 
comparatively rare, and can be afforded only ata 
very high price. Few of the object-glasses in the 
telescopes to which I have referred would be 
valued at less than 200 guineas, independently of 
the tubes, eyepieces, and other apparatus with 
which they are fitted up. It is so difficult to pro- 





* An achromatic telescope is said to be in possession of 
Mr. Cooper, M. P. for Sligo, which is 26 feet long, and the 
diameter of the object-glass 14 inches. 

+ This telescope, which was made by Dolland, with a 

ower of 240 times, gives a beautiful view of the belts of 
Jupiter, and the double ring of Saturn, and with a power of 
5 the stars in the Milky Way and some of the nebule appear 
very numerous and brilliant. Its owner is a gentleman who 
unites science with Christianity, 





cure large discs of flint glass for optical purp 
to produce the requisite-curves of the diff 
lenses, and to combine them together with 1 
extreme accuracy which is requisite, that, when 
a good compound lens of this description is found 
perfectly achromatic, the optician must necessa- 
rily set a high value upon it, since it may happen 
that he may have finished half a dozen before he 
has got one that is nearly perfect. The more 
common sizes of achromatic telescopes for astro- , 
nomical purposes, which are regularly sold by the 
London opticians, are the following : 

1. The 216 feet Achromatic.—This telescope 
has an object-glass 30 inches in focal length, and 
2 inches clear aperture. It is generally furnished 
with two eyepieces, one, for terrestrial objects, 
magnifying about 30 or 35 times, and one for ce- 
lestial objects, with a power of 70 or 75 times. It 
might be furnished with an additional astronomi- 
cal eyepiece, if the object-glass be a good one, so 
as to produce a power of 90 or 95 times. With 
such a telescope the belts and satellites of Jupiter, 
the phases of Venus, and the ring of Saturn may 
be perceived, but not to so much advantage as 
with larger telescopes. It is generally fitted up 
either with a mahogany or a brass tube, and is 
placed upon a tripod brass stand, with a universal 
joint which produces a horizontal and vertical 
motion, It is packed, along with the eyepieces 
and whatever else belongs to it, in a neat maho- 
gany box. Its price varies according as it is 
furnished with an elevating rack or other appara- 
tus. 

The following are the prices of this instrument, 
as marked in the catalogue of Mr. Tulley, Ter- 
rett’s Court, Ishington, London. 

Su sicd, 


216 feet telescopes, brass mounted on 
plain pillar and claw stand, with 1 eye- 
piece for astronomical purposes and 1 
for land objects, to vary the magnify- 
ing power, packed in a mahogany 
box : : é : : : 
Ditto, ditto, brass mounted on pillar 
and claw stand, with elevating rack, 1 
eyepiece for astronomical purposes, and 
1 for land objects, to vary the magnify- 
iny power, packed in a mahogany box 






10 10 0 


12 12.0 


The following prices of the same kind of tele- 
scope are from the catalogue of Messrs. W. and 
S. Jones, 30 Lower Holborn, London. 


fie. ake 
The improved 21g feet achromatic 
refractor, on a brass stand, mahogany 
tube, with three eyepieces, two magni- 
fying about 40 and 50 times for terres- 
trial objects, and the other about 75 
times for astronomical purposes, in a 


mahogany case ; j ‘ 10 10 0 
Ditto, ditto, the tube all brass, with ° 

three eyepieces z <2? TG 
Ditto, ditto, with vertical and horizon- 

tal rack-work motions 15 15 0 


2. The 31 feet Achromatic Telescope.—'The 
object-glass of this telescope is from 44 to 46 
inches focal length, and 234 inches diameter. It 
is generally furnished with four eyepieces, two 
for terrestrial and two for celestial objects. Tho 
lowest power for land objects is generally about 
45, which affords a large field of view, and ex- 
hibits the objects with great brilliancy. ‘he 
other terrestrial power is usually from 65 to 70 
The astronomical powers are about 80 and 130, 
but such a telescope should always have another 
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it will bear with distinctness, in a serene 
state of the atmosphere, if the object-glass be truly 
achromatic. The illuminating power in this tele- 
scope is nearly double that of the 214 feet telescope, 
or in the proportion of 7.56 to 4, and therefore it 
will bear about double the magnifying power with 
nearly equal distinctness. This telescope is fitted 
up in a manner somewhat similar to the former, 
with a tripod stand which is placed upon a table. 
Sometimes, however, it is mounted on a long ma- 
hogany stand which rests upon the floor (as in 
fig. 58,) and is fitted with an equatorial motion; 
and has generally a small telescope fixed near the 
eye end of the large tube, called a finder, which 
serves to direct the telescope to a particular object 
in the heavens when the higher powers are ap- 
plied. It is likewise eligible that it should have 
an elevating rack and sliding tubes, for support- 
ing the eye end of the instrument, to keep it 
steady during astronomical observations, and it 
would be an advantage, for various purposes 
which shal] be afterward described, to have fitted 
to ita diagonal eyepiece magnifying 40 times or 
upward. : 
The prices of this instrument, as marked in 
Mr. Tulley’s catalogue, are as follows: 
4 £ s.d. 
The 314 feet achromatic telescope, 
234 inches aperture, on plain pillar and 
claw stand, 2 eyepieces for astronomical 
purposes and 1 for land objects, to vary 
the magnifying power, packed in a ma- 
hogany box : : : : 
Ditto, ditto, with elevating rack and 
achromatic finder, 2 eyepieces for as- 
tronomical purposes and 1 for day ob- 
jects, to vary the magnifying power, 
packed in a mahogany box - 26 50 


The following are the prices as marked in 
Messrs. W. and S. Jones’s catalogue: 


21 00 


£ s.d. 
The 31% feet achromatic, plain ma- 
hogany tube : 5 : : =) TSH1890 
Ditto, ditto, brass tube. : a Sie OHG 
Ditto, all in brass, with rack-work 
motions, &c. , ; , s 3 264520 
Ditto, the object-glass of the largest 
aperture, and the rack-work motions on 
an improved principle, from £37 16s.to 42 00 
Ditto, fitted up with equatorial mo- 
tion, framed mahogany stand, divided 
altitude and azimuth arches, or declina- 
tion and right ascension circles, &c., 
&e., . from £60 to 80 00 


This is the telescope which I would particularly 
recommend to astronomical amateurs, whose pe- 
cuniary resources do not permit them to purchase 
more expensive instruments. When fitted up 
with the eyepieces and powers already mentioned, 
and with a finder and elevating rack—price 25 
guineas—it will serve all the purposes of general 
observation. By this telescope satisfactory views 
may be obtained of most of the interesting phe- 
nomena of the heavens—such as the spots on the 
sun—the mountains, vales, and caverns on the 
lunar surfage—the phases of Mercury and Venus 
—the spots on Mars—the satellites and belts of 
Jupiter—the ring of Saturn—many of the more 
interesting nebula, and most of the double stars 
of the second and third classes. When the 
object-glass of this telescope is accurately figured 
and perfectly achromatic, a power of from 200 
to 230 may be put upon it, by which the division 
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of Saturn’s ring might occasionally be perceived. 
It is more easily managed, and represents objects 
considerably brighter than reflecting telescopes 
of the same price and magnifying power, and it 
is not so apt to be deranged as reflectors generally 
are. A telescope of a less size would not, in 
general, be found satisfactory for viewing the 
objects I have now specified, and for general as- 
tronomical purposes. It may not be improper, for 
the information of some readers, to explain what 
is meant in Mr. Tulley’s catalogue, when it. is 
stated that this instrument “ has one eyepiece for 
day objects, to vary the magnifying power.” The 
eyepiece alluded to is so constructed, that by 
drawing out a tube next the eye you may in- 
crease the power at pleasure, and make it to vary 
say from 40 to 80 or 100 times; so that such a 
construction of the terrestrial eyepiece (to he 
afterward explained) serves, in a great measure, 
the purpose of separate eyepieces. The whole 
length-of the 314 feet telescope, when the terres- 
trial eyepiece is applied, is about 4!¢ feet from 
the object-glass to the first eyeglass. 

When the aperture of the object-glass of this 
telescope exceeds 234 inches, its price rapidly ad- 
vances. 

The following is Mr. Tulley’s scale of prices, 
proportionate to the increase of aperture: 


£ s.d. 
314 feet telescopes, 314 inches aper- 
ture, with vertical and horizontal rack- 
work motions, achromatic finder, 3 
eyepieces for astronomical purposes, 
and one for day objects, to vary the 
magnifying power, packed in a maho- 
gany box E : 2 


Ditto, ditto, 334 inches diameter, 
mounted as above ‘ F 2 


42 00 


68 5 0 


Ditto, with universal equatorial in- 
stead of pillar and claw stand 84 00 

Here, in the one case, the increase of half an 
inch in the diameter of the object-glass adds about 
£16 to the expense, and in the other case no less 
than £26 5s. The proportion of light in those 
two telescopes, compared with that of 234 inches 
aperture, is as follows: The square of the 234 
object-glass is 7.56; that of 314, 10.56; and that 
of the 334, 14.06; so that the light admitted by 
the 344 compared with the 234 aperture is nearly 
as 10 to 7; and the light admitted by the 334 
object-glass is nearly double that of the 234 
aperture, and will bear nearly a proportional in- 
crease of magnifying power. 

3. The 5 feet Achromatic Telescope.—The focal 
length of the object-glass of this telescope is 5 
feet 3 inches, and tlie diameter of its aperture 3 
8-10 inches. The ustal magnifying powers ap- 
plied to it are, for land objects 65 times, and for 
celestial objects 110, 190, 250, and sometimes one 
or two higher powers. The quantity of light it 
possesses is not much larger than that of the 3% 
feet telescope, with 33/ inches aperture; but the . 
larger focal length of this telescope is considered 
to be an advantage, since the longer the focus of 
the object-glass, the less will be its chromatic and 
spherical aberrations, and the larger may be the 
eyeglasses, and the flatter the field of view. 

The following are the prices of these telescopes, 
as marked in Mr. Tulley’s catalogue: 

5 feet telescopes, 334 inches aperture, on a 
universal equatorial stand, with achromatic finder 
4 eyepieces for astronomical purposes and 1 for 
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day objects, to vary the magnifying £ s.d. 
power, packed ina mahogany box, : 
100 guineas to WL A - 157 10 0 
7 feet ditto, 5 inches aperture, ona 
newly improved universal equatorial 
_ Stand, 6 eyepieces for astronomical pur- 
poses and 1 for day objects, to vary the 
magnifying power, with achromatic 
finder and Troughton’s micrometer, 207 5 0 
The above are all the kinds of achromatic tele- 
scopes generally made by the London opticians. 
Thoso of the larger kind, as 5 and 7 feet tele- 
scopes, and the 344 feet with 33/ inches aperture, 
are generally made to order, and are not always 
to be procured. But the 244 and 314 feet achro- 
matics of 237 inches aperture are generally to be 
found ready made at most of the opticians’ shops in 
the metropolis. The prices of these instruments are 
nearly the same in most of the opticians’ shops in 
London. Some of them demand a higer price, but 
few of them are ever sold lower than what has been 
stated, unless in certain cases where a discount is 
allowed. ay 
The stands for these telescopes, and the manner 
in which they are fitted up for observation, is 
represented in figures 57, 58, and 59. Fig. 57 


Fig. 57. 
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represents either the 214 or the 31¢ feet tele- 
scopes, mounted on a plain brass stand, to be 
placed on a table. A is the long eyepiece for 
land objects, and B the small eyepiece for astro- 
nomical observation, which is composed of two 
lenses,and represents the object in an inverted 
position. These eyepieces are screwed on, as oc- 
casion requires, at EH, the eye end of the tele- 
scope. The shorter of the two astronomical eye- 
tubes which accompany this telescope produces 
the highest magnifying power. For adjusting 
the telescope to distinct vision, there is a brass 
knob or button at a, which moves a piece of rack- 
work connected with the eyetube, which must be 
turned either one way or the other until the ob- 
ject appears distinctly, and different eyes frequent- 

ly require a different adjustment. 
Fig. 58 represents a 5 feet telescope fitted up 
for astronomical observations. ‘It is mounted on 
a mahogany stand, the three legs of which are 
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made to close up together by means of the brass 
frame a a a, which is composed of ‘three i 
connected with three joints in the center, and 
three other joints, connected with the three ma- 
hogany bars. It is furnished with an apparatus 


Fig. 58. 





for equatorial motions. The brass pin is made to 
move round in the brass socket 6, and may be 
tightened by means of the finger screw d, when 
the telescope is directed nearly to the object in- 
tended to be viewed. ‘This socket may be set per- 
pendicular to the horizon, or to any other required 
angle; and the quantity of the angle is ascertained 
by the divided arc, and the instrument made fast 
in that position by the screw e. If this socket be 
set to the latitude of the place of observation, and 
the plane of this are be turned so as to be in the 
plane of the meridian, the socket 6 being fixed to 
the inclination of the pole of the earth, the tele- 
scope, when turned in this socket, will have an 
equatorial motion, so that celestial objects may be 
always kept in view when this equatorial motion 
is performed. The two handles at k, are connect- 
ed with rack-work, intended to move the tele- 
scope in any required direction. The two sets of 
brass sliding rods, 7%, are intended to render the 
telescope as steady as possible, and to elevate and 
depress it at pleasure, and are so constructed as to 
slide into each other with the utmost ease. 

The finder is placed at A E, either on the top 
or the left side of the tube of the telescope. When 
high magnifying powers are applied to any tele- 
scope, it is sometimes difficult, on account of the 
smallness of the field of view, to direct the main 
tube of the telescope to the object. But by the 
finder, which is a telescope with a small power, 
and consequently has a large field of view, 
when directed to any object, it is easily found, 
and being brought to the center of the field, where 
two cross-hairs intersect each other, it will then 
be seen in the larger telescope. B is the eyetube 


for terrestrial objects, containing four glasses, and 


C one of the astronomical eyepieces. A socket 
is represented at g, containing a stained glass, 
which is screwed to any of the eyepieces, to pros 
tect the eye from the glare of light, when view- 
ing the spots of the sun. The brass nut above f 
is intended for the adjustment of the eyepiece to 
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istinct vision. ‘The 314 feet telescope is some- 
‘times mounted in this form. | ‘ : 
Fig. 59 represents a 5 or 6 feet telescope, mount- 


Fig. 59. 












































ed ona stand of a new construction by Dollond. 
It possesses the advantage of supporting the tele- 
scope in two places, which renders it extremely 
steady, a property of great importance when 
viewing celestial objects with high magnify- 
ing powers. It possesses, likewise, the advantage 
of enabling the observer to continue seated at the 
same hight from the floor, although the telescope 
be raised to any altitude, the elevation being entire- 
ly at the object end, although it may be changed 
from the horizon to the zenith. The framework 
is composed of bars of mahogany, and rests on 
three castors, two of which are made fast to their 
respective legs in the usual way, and the third 
stands under the middle of the lower horizontal 
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it becomes very inconvenient to stoop to the eyo 
end of a telescope when the altitude of an object 
is considerable, and the center of motion at the 
middle of the tube, this construction of a stand 
serves to temedy such inconvenience. 


PROPORTIONS OF CURVATURE OF THE LENSES WHICH 
FORM AN ACHROMATIC OBJECT-GLASS. 


» As some ingenious mechanics may feel a desire 
to attempt the construction of a compound achro- 
matic object-glass, I shall here state some of the 
proportions of curvature of the concave and con- 
vex lenses which serve to guide opticians in their 
construction of achromatic instruments. These 
proportions are various; and even when demon- 
strated to be mathematically correct, it is some- 
times difficult to reduce them to practice, on ac- 
count of the different powers of refraction and 
dispersion possessed by different discs of crown 
and flint glass, and of the difficulty of producing, 
by mechanical means, the exact curves which 
theory requires. The following table shows ‘the 
radii of curvature of the different surfaces of the 
lenses necessary to form a double achromatic ob- 
ject-glass, it being supposed that the sine of re- 
fraction in the crown-glass is as 1.528 to 1, and 
in the flint as 1.5735 to one, the ratio of their 
dispersive powers being as 1 to 1.524. It is also 
assumed that the curvatures of the concave lens 
are as 1 to 2, that is, that the one side of this lens 
is ground on a tool, the radius of which is double 
that of the other. The 1st column expresses the 
compound focus of the object-glass in inches; 
the 2d column states the radius of the anterior 
surface of the crown, and column 3d its posterior 
side. Column 4th expresses the radius of the an- 
terior surface of the concave lens,and column 5th 
its posterior surface, which, it will be observed, 
is exactly double that of the other. 























Focus| Radius of | Radius of |Rad.ofante-| Radius of | 
in janterior sur-| posterior J|rior surface,| posterior 
inches, |face, convex.| surface, concave. surface. 
Inc. Dec: | Ine, Dec.,| Inc. Dec. | Inc. Dec. 
12| 3 4. 652'] 4. 171] 8 342 
24 6 9. 304] 8. 342 | 16. 684 
30 ts “5 ) Ta ihe 10. 428 | 20. 856 
36 9 13. p956 412. 513 | 95. 087 
48} 12 18. 608 | 16. 684 | 33. 369 
60 15 23. 260 | 20. 856 | 41. 712 
190 | 30° | 46. 520 | 41. 712 | 83, 494| 





From the preceding table it will be seen that, 


bar that connects the two opposite legs, so that | to construct, for example, a 30 inch compound 
the frame has all the advantages of a tripod. As| object-glass, the radius of the anterior side of the 
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crown must be 7}¢ inches, and that of the poste- | surface of the concave 10.428, and that of the 
rior side 11.63 inches; the radius of the anterior! posterior 20.856 inches. It may be proper to ob- 
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serve, that in these computations, the radius of | be guarded against in the combination of a 
-the anterior surface of the concave is less than | matic glasses. 


* 
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O- 
The preceding table shows the 


the posterior side of the convex, and consequently | radii of curvature of the lenses of a triple object- 


admits of its approach, without touching in the | glass, 


calculated from formula deduced by Dr. 


center—a circumstance which always requires to | Robison of Edinburgh. 


The following table contains the 





proportions of curvature said to be employed by the London 























opticians: 
pee Convex lens of crown glass. Piece or ant cue on Convex lens of crown glass. 
Inches. Inc. Dec. Inc. Dec, Inc. Dec Inc. | Dec ne, E 
ge ee 4 49 3. 47 ae oe ear 
9 5. 65 6.74 5. 21 5. 65 6. 74 
12 7. 54 8-99 62°95 ler ae 8. 99 
18 IS 230 13. 48 10. 42 11. 30 13; 48 
24 15. 08 ie e 88 13; +90 15. 08 17. 98 
36 22. 61 26.. '96 20: 84 22. ° 61 26. +96 
42 26; 38 31. 45 240431 26. 38 SLs 
48 30. 16 35. 96 27. 80 30. 16 3D2 296 
54 33. 91 40. 45 31. 27 33. 91 40. 45 
60 37. 68 44, 94 34. 74 373 5 68 44. 94 


From this table it appears that the two convex 
lenses have the same radii of their respective sides, 
and that the concave flint lens has its two sur- 
faces equally concave, so that a triple object-glass 
formed according to these proportions would re- 
quire only three pair of grinding tools. The fol- 
lowing are the curves of the lenses of one of the 
best of Dollond’s achromatic telescopes, the focal 
length of the compound object-glass being 46 
inches. Reckoning from the surface next the ob- 
ject, the radii of the crown glass were 28 and 40 
inches; the concave lens 20.9 inches, and the 
inner crown glass lens 28.4 and 28.4 inches. This 
telescope carried magnifying powers of from 100 
to 200 times. 

Although I have inserted the above tables, 
which might, in some measure, guide an ingeni- 
ous artist, yet, on the whole, a private amateur 
has little chance in succeeding in such attempts. 
The diversity of glasses, and the uncertainty of 
an unpracticed workman’s producing the precise 
curvature he intends, is so great, that the object- 
glass, for the most part, turns out different from 
his expectations. The great difficulty in the con- 
struction is to find the exact proportion of the 
dispersive powers of the crown and flint glass. 
The crown is pretty constant, but there are hardly 
two pots of flint glass which have the same 
dispersive power. ven if constant, it is difficult 
to measure it accurately; and an error in this 
greatly affects the instrument, because the focal 
distances of the lenses must be nearly as their 
dispersive powers. In the two preceding tables, 
the sine of incidence in the crown glass is sup- 
posed to be to the sine of refraction as 1.526 to 1; 
and in the flint glass, as 1.604 to one. Opticians 
who make great numbers of lenses, both of flint 
and crown glass, acquire, in time, a pretty good 
guess of the nature of the errors which may re- 
main after they have finished an object-glass; and 
having many lenses intended to be of the same 
form, but unavoidably differing a little from it, 
they try several of the concaves with the two 
convexes, and finding one better than the rest, 
they make use of it to complete the set. In this 
way some of the best achromatic telescopes are 
frequently formed. I have sometimes found, 
when supplying a concave flint glass to a tele- 
scope where it happened to be wanting, that, of 
four or five concave lenses which appeared to be 











the same as to curvature and other properties, 
only one was found to produce a distinct and col- 
orless image. Should any one, however, wish to 
attempt the construction of an achromatic tele- 
scope, the best way for preventing disappoint- 
ments in the result is to procure a variety of 
tables of the respective curvatures founded on 
different conditions, and which, of course, require 
the surfaces of the several lenses to be of differ- 
ent curves. Having lenses of different radii at 
his command, and having glass of different. re- 
fractive or dispersive powers, when one combfna- 
tion does not exactly suit, he may try another, 
and ultimately may succeed in constructing a 
good achromatic telescope; for, in many eases, it 
has been found that chance, or a happy combina- 
tion of lenses by trial, has led to the formation 
of an excellent object-glass. 


ACHROMATIC TELESCOPES COMPOSED OF FLUID 
LENSES. 


The best achromatic telescopes, when minutely 
examined, are found to be in some respects defec- 
tive, on account of that slight degree of color 
which, by the aberration of the rays, they give to 
objects, unless the object-glass be of small diame- 
ter. When we examine with attention a good 
achromatic telescope, we find that it does not show 
white or luminous objects perfectly free from 
color, their edges being tinged on one side with 
a claret colored fringe, and on the other with a 
green fringe. This telescope, therefore, required 
further improvement, to get rid of these secondary 
colors, and Father Boscovich, to whom every 
branch of optics is mach indebted, displayed much 
ingenuity in his attempts to attain this object. 
But it is to Dr. Blair, professor of astronomy in 
Edinburgh, that we are chiefly indebted for the 
first successful experiments by which this end 
was accomplished. By a judicious set of experi- 
ments, he proved that the quality of dispersing 
the rays ina greater degree than crown glass is 
not confined to a few mediums, but is possessed 
by a great variety of fluids, and by some of these 
ina most extraordinary degree. Having observed 
that when tle extreme red and violet: rays were 
perfectly united, the green were left out, he con- 
ceived the idea of making an achromatic concave 
lens which should refract the green less than the 
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united red and violet, and an achromatic convex 
lens which should do the same; and as the concave 
lens refracted the outstanding green to the axis, 
while the concave one refracted them from the 
axis, it followed that, by a combination of these 
two opposite effects, the green would be united 
with the red and violet. 

By means of an ingenious prismatic apparatus, 
he examined the optical properties of a great va- 
riety of fluids. The solutions of metals and 
semi-metals proved in all cases more dispersive 
than crown glass. Some of the salts, such as sal 
ammoniac, greatly increased the dispersive power 
of water. The marine acid disperses very con- 
siderably, and this quality increases with its 
strength. The most dispersive fluids were accor- 
dingly found to be those in which this acid and 
the metals were combined. The chemical prepa- 
ration called causticum antimoniale, or butter of 
antimony, in its most concentrated state, when it 
has just attracted sufficient humidity to render it 
fluid, possesses the quality of dispersing the rays 
in an astonishing degree. The great quantity of 
the semi-metal retained in solution, and the highly 
concentrated state of the marine acid, are con- 
sidered as the cause of this striking effect. Cor- 
rosive sublimate of mereury, added to a solution 
of sal ammoniacum in water, possesses the next 
place to the butter of antimony among the disper- 
sive fluids which Dr. Blair examined: The es- 
sential oils were found to hold the next rank to 
metallic solutions among fluids which possess the 
dispersive quality, particularly those obtained 
from bituminous minerals, as native petrolea, pit- 
coal, and amber. The dispersive power of the 
essential oil of sassafras, and the essential oil of 
lemons, when genuine, were found to be not 
much inferior to any of these. But of all the 
fluids fitted for optical purposes, Dr. Blair found 
that the muriatic acid mixed with a metallic solu- 
tion, or, in other words, a fluid in which the ma- 
rine acid and metalline particles hold a due pro- 
portion, most accurately suited 
his purpose. In a spectrum 
formed by this fluid, the green 
were among the most refran- 
gible rays; and when its dis- 
persion was corrected by that 
of glass, there was produced 
an inverted secondary spec- 
trum, that is, one in which the 
green was above, when it would 
have been below with a com- 
mon medium. He therefore 
placed a concave lens of muri- 
atic acid with a metallic solu- 
tion between the two lenses, 
as in fig. 60, where A B is the 
concave fluid lens, C F a pla- 
no-convex lens, with its plane 
side next the object, and HZ Da 
meniscus. With this object- 
D glass the rays of different col- 

ors were bent from their recti- 
lineal course with the same equality and regularity 
as in reflection. 

Telescopes constructed with such object-glasses 
were examined by the late Dr. Robison and Pro- 
fessor Playfair. The focal distance of the object- 
glass of one of these did not exceed 17 inches, and 
yet it bore an aperture of 314 inches. They 
viewed some single and double stars and some 

— objects with this telescope, and found that 
magnifying power, brightness, and distinctness, 

it was manifestly superior to one of Mr. Dollond’s 
of 42 inches focal length. They had most dis- 


Fig. 60. 
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tinct vision of a star, when using an erecting eye- 
piece, which made this telescope magnify more than 
100 times, and they found the field of vision as 
uniformly distinct as with Dollond’s 42 inch tele- 
scope, magnifying 46 times, and were led to ad- 
mire the nice figuring and centering of the very 
deep eyeglasses which were necessary for this am- 
plification.. They saw double stars with a degree 
of perfection which astonished them. ‘These te- 
lescopes, however, have never yet come into gene- 
ral use; and one reason, perhaps, is, that they are 
much more apt to be deranged than telescopes 
constructed of object-glasses which are solid. If 
any species of glass, or other solid transparent 
substance could be found with the same optical 
properties, instruments might perhaps be con- 
structed of a larger size, and considerably superior 
to our best achromatic telescopes.* It is said that 
Mr. Blair, the son of Dr. Blair, some years ago en- 
gaged in prosecuting his father’s views, but 1 have 
not heard anything respecting the result of his 
investigations. 


BARLOW’S REFRACTING TELESCOPE WITH A FLUID 
CONCAVE LENS. 


Professor Barlow, not many years ago suggested 
a new fluid telescope, which is deserving of atten- 
tion, and about the year 1829 constructed one of 
pretty large dimensions. The fluid he employs 
for this purpose is the sulphuret of carbon, which 
he found to be a substance which possessed every 
requisite he could desire. Its index is nearly the 
same as that of the best flint glass, with a disper- 
sive power more than double. It is perfectly co- 
lorless, beautifully transparent, and, although very 
expansible, possesses the same, or very nearly the 
same, optical properties under all circumstances 
to which it is likely to be exposed in astronomi- 
cal observations, except, perhaps, direct observa- 
tions on the solar disc, which will probably be 
found inadmissible. Mr. Barlow first constructed 
an object-glass with this fluid of three inches aper- 
ture, with which he could see the small star in 
Polaris with a power of 46, and with the higher 
powers several stars which are considered to re- 
quire a good telescope, for example, 70, p Ophiuchi, 
29 Bootes, the quadruple star ¢ Lyre,é Aquarii, 2 
Herculis, &c. He next constructed a 6 inch ob- 
ject-glass. With this instrument, the small star 
in Polaris is so distinct and brilliant, with 4 power 
of 143, that its transit might be taken with the ut- 
most certainty. As the mode of constructing 
these telescopes is somewhat novel, it may be expe- 
dient to enter somewhat into detail. 

In the usual construction of achromatic tele- 
scopes, the two or three lenses composing the ob- 
ject-glass are brought into immediate contact; 
and in the fluid telescope of Dr. Blair, the con- 
struction was the same, the fluid having been in- 
closed in the object-glass itself. But in Mr. Bar- 
low’s telescope, the fluid correcting lens is placed 
at a distance from the plate lens equal to half its 
focal length, and it might be carried still farther 
back, and yet possess dispersive power to render 
the object-glass achromatic. By this means, the 
fluid lens, which is the most difficult part of the 
construction, is reduced to one-half, or to less than 
one-half of the size of the plate lens; consequently, 
to construct a telescope of 10 or 12 inches aper- 





* For a more particular account of Dr. Blair’s instruments 
and experiments, the reader is referred to his Dissertation 
on this subject in vol. ii, of the “ Transactions of the Roya. 
Society of Edinburgh,” which occupies 76 pages, or to Nichol- 
son’s “ Journal of Natural Philosophy,” &c., quarto series, 
vol. i, April—Septemiber, 1797. F 
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this kind of 10 or 12 fect length will be equiva- 
lent, in its focal power, to one of 16 or 20 feet. By 
this means the tube may be shortened several feet, 
and yet possess a focal power more considerable than 


ture involves no greater difficulty in the manipu- 
lation than in making a telescope of the usual 
description of 5 or 6 inches aperture, except in the 
simple plate lens itself; and, hence, a telescope of 


Fig. 61. 





could be conveniently given to it on the usual 
principle of construction. ‘This will be better un- 
derstood from the above diagram (fig. 61). 
In this figure A B C D represent the tube of 
_the 6 inch telescope, C D the plate object-glass, 
F the'first focus of rays, d e the fluid concave lens, 
distant from the former 24 inches; the focal length 
M F being 48, and, consequently, as 48: 6: : 24: 
3 inches, the diameter of the fluidlens. The re- 
sulting compound focus is 62.5 inches. It is 
obvious, therefore, that the rays d f, e f, arrive at 
the focus under the same convergency, and with 
the same light as if they proceeded from a 
lens of six inches diameter, placed at a distance 
beyond the object-glass C D (as G H), determined 
by producing those rays until they meet ‘the 
sides of the tube in G@ H, namely, at 62.5 
inches beyond the fluid lens. Hence, it is obvi- 
ous, the rays will converge as they would do from 
an object-glass, G H, of the usual kind with a fo- 
cus of 10 feet 5 inches.. We have thus, therefore, 
shortened the tube 38.5 inches, or have at least 
the advantage of a focus 38.5 inches longer than 
our tube; and the same principle may be carried 
much further, so as to reduce the usual length of 
refracting telescopes nearly one half, without in- 
creasing the aberration in the first glass beyond 
the least that can possibly belong to a telescope of 
the usual kind of the whole length. It should 
likewise be observed, that the adjustment for focus 
may be. made either in the usual way or bya 
slight movement of the fluid lens, as in the Gre- 
gorian Reflectors by means of the small specu- 
lum. 

Mr. Barlow afterward constructed another larger 
telescope on the same principle, the clear aperture 
of which is % inches. Its tube is 11 feet, which, 
together with the eyepiece, makes the whole 
length 12 feet, but its effective focus is, on the 
principle stated, 18 feet. It carries a power of 700 on 
the closest double stars in South’s and Herschel’s 


catalogue, and the stars are, with that power, , 
, was visible with a power of 700. 


round and defined, although the field is not then 
so bright as could be desired. The telescope is 
mounted on a revolving stand, which works with 
considerable accuracy as an azimuth and altitude 
instrument. To give steadiness to the stand, it 
has been made substantial and heavy, its weight 
by estimation being about 400 pounds, and that 
of the telescope 130 pounds, yet its motions are so 
smooth, and the power so arranged, that it may 
be managed by one person with the greatest ease, 
the star being followed by a slight touch, scarcely 
exceeding that of the keys of a piano-forte. The 
focal length of the plate lens is 78 inches, and 
of the fluid lens 59.8 inches; which, at the dis- 
tance of 40 inches, produce a focal length of 104 
inches, a total length of 12 feet, and an equivalent 
focus of 18 feet. The curves of the parallel me- 
niscus checks for containing the fluid are 30 inches 
and 144 inches, the latter toward the eye. The 
curves for the plate lens are 56.4 and 144. There 
is an interior tube 5 inches diameter, and 3 feet 





6 inches long, which carries the cell in which the 
fluid is inclosed, and an apparatus by which it 
may be moved backward and forward, so that the 
proper adjustment may be made for color in the 
first instance, and afterward the focus is obtained 
by the usual rack-work motion. -The follow- 
ing is the mode by which the fluid was inclosed. 
Aiter the best position has been determined prac- 
tically for the checks forming the fluid lens, these, 
with the ring between them, ground and polished 
accurately to the same curves, are applied together, 
and taken into an artificial high temperature, ex- 
ceeding the greatest at which the telescope is ever 
expected to be used. After remaining here with 
the fluid some time, the space between the glasses 
is completely filled, immediately closed, coo 
down by evaporation, and removed into a lower 
temperature. By this means a sudden condensa- 
tion takes place, an external pressure is brought 
on the checks, and a bubble formed inside, which 
is, of course, filled with the vapor of the fluid; 
the excess of the atmospheric pressure beyond 
that of the vapor being afterward always acting 
externaliy to prevent contact. The extreme edges 
are then sealed with the serum of human blood, 
or by strong fish glue, and some thin pliable me- 
tal surface. By this process, Mr. Barlow says, “I 
have every reason to believe the lens becomes as 
durable as any lens of solid glass. At all events, 
i have the satisfaction of stating, that my first 3 
inch telescope has now been completed more than 
fifteen months, and that no change whatever has 
taken place in. its performance, nor the least per- 
ceptible alteration either in the quantity or the 
quality of the fluid.” 

The following are some of the observations 
which have been made with this telescope, and the 
tests to which it has been subjected. ‘The very 
small star which accompanies the pole star is ge- 
nerally one of the first tests applied to telescopes. 
This small point of light appeared brilliant and 
distinct; it was best seen with a power of 120, but 
The small star 
in Aldebaran was very distinct with a power of 
120. The small star « Lyre was distinctly visihle 
with the same power. The small star called by 
Sir J. Herschel Debilissima, between 4 ¢and 5 Ly- 
re, whose existence, he says, could not be sus- 
pected in either the 5 or 7 feet equatorial, and in- 
visible also with the 7 and 10 feet reflectors of 6 
and 9 inches aperture, but seen double with the 
20 feet reflector, is seen very satisfactorily double 
with this telescope, » Persei, marked as double in 
South and Herschel’s catalogue, at the distance of 
28”, with another small star at the distance of 3’ 
67", is seen distinctly sixfold, four of the small 
stars being within a considerably less distance 
than the remote one of » marked in the catalogue. 
And, rejecting the remote star, the principal and 
the four other stars form a miniature representa- 
tion of Jupiter and his satellites, three of them 
being nearly in a line on one side, and the other 
on tho opposite. Castor is distinctly double with 
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120, and well opened, and stars perfectly round 
with 360 and 700. 7 Leonis and « Piscium are 
seen with the same powers equally round and dis- 
tinct. In ¢ Bootis, the small star is well separated 
from the larger, and its blue color well marked 
with a power of 360. » Coron Borealis is seen 
double with a power of 360 and 700. 52 Orionis, 
Orionis and others of the same class, are also 
well-defined with the same powers. In regard to 
the planets which happened to be visible, Venus 
appeared beautifully white and well-defined with 
a power of 120, but showed some color with 360. 
Saturn with the 120 power is a very brilliant ob- 
ject, the double ring and belts being well and satis- 
factorily defined, and with the 360 power it is still 
very fine. The moon also is remarkably beauti- 
ful, the edges and the shadows being well marked, 
while the quantity of light is such as to bring to 
view every minute distinction of figure and shade. 
The principal objections that may be made to 
this construction of a telescope are such as these : 
Can the fluid be permanently secured? Will it 
preserve its transparency and other optical proper- 
ties? Will it not act upon the surface of the glass 
and partially destroy it? &c. To such inquiries 
Mr. Barlow replies, that experience is the only 
test we have; our spirit levels, spirit thermome- 
“ters, &c., show that some fluids, at least, may be 
preserved for many years without experiencing 
any change, and without producing any in the 
appearance of the glass tubes containing them. 
But should any of these happen, except the last, 
nothing can be more simple than to supply the 
means of replacing the fluid at any time, and by 
any person, without disturbing the adjustment of 
the telescope. He expresses his hope that, should 
these experiments be prosecuted, an achromatic 
telescope shall ultimately be produced which shall 
exceed in aperture and power any instruments of 
the kind hitherto attempted. If the prejudice 
against the use of fluids could be removed, he 
feels convinced that well-directed practice would 
soon lead to the construction of the most perfect 
instruments, on this principle, at a comparatively 
sma]l expense. “I am conyiuced,” he says, 
‘judging from what has been paid for large ob- 
ject-glasses, that my telescope, telescope stand, 
and the building for observation, with every other 
requisite convenience, have been constructed for 
a less sum than would be demanded for the object- 
glass only, if one could be produced of the same 
diameter of plate and flint glass; and this is a 
consideration which should have some weight, 
and encourage a perseverance in the principle of 
construction.’’* 


ROGERS’S ACHROMATIC TELESCOPE ON A NEW PLAN. 


The object of this construction is to render a 
small disc of flint glass available to perform the 
office of compensation 1o a much larger one of 
crown glass, and thus to render possible the con- 
struction of telescopes of much larger aperture 
than are now common, without hindrance from 
the difficulty at present experienced in procuring 
large discs of flint glass. It is well known to 
those who are acquainted with telescopes, that in 





* A more detailed account of the processes connected with 


the construction of this telescope will be found in a paper | 


presented to the Royal Society in 1827, and published in 
the Philosophical Transactions 6f that Society for 1828, and 
likewise another paper, published in the Transactions for 
4829. From these documents, chiefly, the preceding ac- 
ount has been abridged. See also the « Edinburgh New 
Philosophical Journal”? for January—April, 1828, and Brews- 
ter’s Edinburgh Journal of Science” for October, 1829, 
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the construction of an ordinary achromatic object- 
glass, in which a single crown lens is compensa- 
ted by a single one of flint, the two lenses admit 
of being separated only by an interval too small 
to afford any material advantage, i diminishing 
the diameter of the flint lens, by placing it in a 
narrow part of the cone of rays, the actual amount 
of their difference in point of dispersive power 
being such as to render the correction of the 
chromatic aberration impossible when their mu- 
tual distance exceeds a certain limit. This incon- 
venience Mr. Rogers proposes to obviate by em- 
ploying, as a correcting lens, not a single lens of 
flint, but a compound one consisting of a convex 
crown and concave flint, whose foci are such as 
to cause their combination to act as a plain glass 
on the mean refrangible rays. Then it is evident 
that by means of the greater dispersive power of 
flint than of crown glass, this will act as a con- 
cave on the violet, and as a convex on the red 
rays, and that the more powerfully, according as 
the lenses separately have greater powers or curva- 
ture. If then, such a compound lens be inter- 
posed between the object-glass of a telescope— 
supposed to be a single lens of plate or crown 
glass—and its focus, it will cause no alteration in 
the focus for mean rays, while it will lengthen 
the focus for violet, and shorten it for red rays. 
Now this is precisely what is wanted to produce 
an achromatic union of all the rays in the focus; 
and as nothing in this construction limits the 
powers of the individual correcting lenses, they 
may therefore be applied anywhere that conve- 
nience may dictate; and, thus, theoretically speak- 
ing, a disc of flint glass, however small, may be 
made to correct the color of one of crown, how- 
ever large. 

This construction likewise possesses other and 
very remarkable advantages: for, first, when the 
correcting lens is approximately constructed on a 
calculation founded on its intended aperture, and 
on the refractive and dispersive indices of its ma- 
terials, the final and complete dispersion of color 
may be effected, not by altering the lenses by 
grinding them anew, but by shifting the combina- 
tion nearer to, or farther from the object-glass, as 
occasion may require, along the tube of a tele- 
scope, by a screw motion, until the condition of 
achromaticity is satisfied in the best manner pos- 
sible; and, secondly, the spherical aberration may 
in like manner be finally corrected, by slightly 
separating the lenses of the correcting glass, whose 
surfaces should for this purpose be figured to cur- 
vatures previously determined by calculation to 
admit of this mode of correction—a condition 
which Mr. Rogers finds to be always possible. The 
following is the rule which he lays down for the 
determination of the foci of the lenses of the cor- 
recting glass : “The focal length of either lens is 
to that of the object-glassin a ratio compounded 
of the ratio of the square of the aperture of the 
correcting lens to that of the object-glass, and of 
the ratio of the difference of the dispersive indices 
of the ctown and flint glass to the dispersive in- 
dex of crown.’ For example, to correct the color 
of a lens of crown or plate glass of 9 inches aper- 
ture and 14 feet focal length (the dimensions of 
the telescope of Fraunhofer, at Dorpat) by a dise 
of flint glass 3 inches in diameter, the focus of 
either lens of the correcting: lens will require to 
be about 9 inches. To correct it by a 4 inch dise 
will require a focus of about 16 inches each. 

Mr. Rogers remarks, that it is not indispensa- 
ble to make the correcting glass act asa plane 
lens, It is sufficient if it be so adjusted as to have 
a shorter focus for red rays than for violet. If 
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preserving this condition, it be made to act asa 
concave lens, the advantage procured by Mr. Bar- 
low’s construction of reducing the length of the 
telescope with the same focal power is secured; 
and he considers, moreover, that by a proper adapt- 
ation of the distances, foci, &c., of the lenses, we 
might hope to combine with all these advantages 
that of the destruction of the secondary spectrum, 
and thus obtain a perfect telescope. 

‘The above is an abstract of a paper read to the 
“Astronomical Society of London” in April, 1828, 
by A. Rogers, Esq. 

Thé reader will easily perceive that the princi- 
ple on which Mr. Rogers proposes. to construct 
his telescope is very nearly similar to that of Pro- 
fessor Barlow, described above, with this differ- 
ence, that the correcting lens of the professor’s 
telescope is composed of a transparent, fluid, while 
that of Mr. Rogers is a solid lens consisting of a 
convex crown and concave flint. The general 
object intended to be accomplished by both is the 
same, namely, to make a correcting lens of a 
comparatively small diameter serve the purpose 
of a large disc of flint glass, which has hitherto 
been very expensive, and very difficult to be pro- 
cured; and likewise to reduce the length of the 
telescope, while the advantage of a long focal 
power is secured. A telescope on this principle 
was constructed seven or eight years ago by Mr. 
Wilson, lecturer on Philosophy and Chemistry, 
Glasgow, before he was aware that Mr. Rogers 
had proposed a similar plan. I have had an op- 
portunity of particularly inspecting Mr. Wilson’s 
telescope, and trying its effects on terrestrial ob- 
jects with high powers, and was, on the whole, 
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highly pleased with its performance. It appeared 
to be almost perfectly achromatic, and produced 
a distinct and well-defined image of minute dis- 
tant objects, such as small letters on sign posts, 
at two, three, and four miles distant; but I had 
no opportunity of trying its effects on double 
stars or any other celestial objects. The instrument 
is above 6 feet long; the object-lens is a plano- 
convex of crown glass, 4 feet focal distance and 4 
inches diameter, the plain side next the object. 

At 26 inches distant from the object-lens is the 
compound lens of 2 inches in diameter; and the 
two lenses of which it is composed are both ground 
to a radius of 334 inches. That made of crown 
glass is plano-convex, the other, made of flint 
glass, is plano-concave, and are placed close to- 
gether, the convex side being next the object, and 
the concave side next the eye. The greater re- 
fractive power of the flint glass renders the com- 
pound one slightly concave in its effect (although 
the radius of curvature is similar in both), and 
lengthens the focus to 6 feet from the object-glass; 
and this is consequently the length of the instru- 
ment. ‘The compound corrector so placed inter- 
cepts all those rays which go to form the image 
in the field of view, producing there an achro- 
matic image. The concave power of the corrector 
renders the image larger than if directly producgg 
by a convex lens of the same focus. ‘The.cor 
cavity of the corrector is valuable also in this re- 
spect, that a very slight alteration in its distance 
from the object-glass changes the focal distance 
much more than if it were plain, and enables us 
to adjust the instrument to perfect achromatism 
with great precision. , 
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CHAPTER V. 


ON REFLECTING TELESCOPES. 


SECTION I. 


History OF THE INVENTION, AND A GENERAL DE- 
SCRIPTION OF THE CONSTRUCTION OF THESE IN- 
STRUMENTS. 


Reriecrine telescopes are those which ropre- 
sent the images of distant objects by reflection, 
chiefly from concave mirrors. 

Before the achromatic telescope was invented 
there were two glaring imperfections in refracting 
telescopes, which the astronomers of the seven- 
teenth century were anxious to correct. The 
first was its very great length when a high power 
was to be applied, which rendered it very un- 
wieldy and difficult to use. The second imper- 
fection was the incorrectness of the image as 
formed by a single lens. Mathematicians had 
demonstrated that a pencil of rays could not be 
collected in a single point by a spherical lens, and 
also that the image transmitted by sucha lens 
would be in some degree incurvated. After seye- 
ral attempts had been made to correct this im- 
perfection by grinding lenses to the figure of one 
of the conic sections, Sir I. Newton happened to 
commence an examination of the colors formed 
by a prism; and having, by the means of this 
simple instrument, discovered the different refran- 
gibility of the rays of light—to which we have 
several times adverted in the preceding descrip- 





tions—he then perceived that the errors of tele- 
scopes, arising from) that cause alone, were some 
hundred times greater than such as were occasion- 
ed by the spherical figure of lenses, which induced 
this illustrious philosopher to turn his attention 
to the improvement of telescopes by reflection. 
It is generally supposed that Mr. James Grego- 
ry,—a son of the Rev. John Gregory, minister 
of Drumoak, in the county of Aberdeen—was 
the first who suggested the construction of a re- 
flecting telescope. He was a young man of un- 
common genius, and an eminent mathematician; 
and in the year 1663, at the age of only 24, he 
published in London his treatise entitled ‘Optica 
Promota,’”’? in which he explained the theory 
of that species of reflecting telescope which still 
bears his name, and which he stated as being hig 
own invention. But as Gregory, according to his 
own account, was endowed with no mechanical 
dexterity, and could find no workman capable of 
realizing his invention, after some fruitless at- 
tempts to form proper specula, he was obliged to 
give up the pursuit, so that this telescope remain- 
ed for a considerable time neglected. It was 
several years after Gregory suggested the con- 
struction of reflecting telescopes before Newton 
directed his attention fully to the subject. In a 
letter addressed to the secretary of the Royal So- 
ciety, dated in February, 1672, he says, “ Finding 
reflections to be regular, so that the angle of re- 
flection of all sorts of rays was equal to the 
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angle of incidence, I understood, that by their 
mediation, optic instruments might he brought 
to any degree of perlection imaginable, provid- 
ing a reflecting substance could be found which 
would polish as finely as glass, and reflect as 
much light as glass transmits, and the art of 


Fig. 62. 
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communicating to it a parabolic figure be also ob- 
tained. Amid these thoughts I was forced from 
Cambridge by the intervening plague, and it was 
more than two years before I proceeded further.” 

It was toward the end of 1668, or in the begin- 
ning of the following year, when Newton, being 
obliged to have recourse to reflectors, and not re- 
lying on any artificer for making the specula, set 
about the work himself, and early in the year 1672, 
completed two small reflecting telescopes. In 
these he ground the great speculum into a spheri- 
cal concave, although he approved of the parabolic 
form, but found himself unable to accomplish it. 
These telescopes were of a construction somewhat 
different from what Gregory had suggested, and 
although only 6 inches long, were considered as 
equal to a six feet common refracting telescope. 
It isnot a little singular, however, that we hear 
no more about the construction of reflectors until 
more thanhalf a century afterward. It was notuntil 
the year 1723 that any reflectors were known to 
have been made, adapted to celestial observations. 
In that year Mr. Hadley, the inventor of the re- 
flecting quadrant which goes by his name, pub- 
lished in No. 376 of the Philosophical Transactions, 
an account of a large reflector on Newton’s plan, 
which he had just then constructed, the perform- 
ance of which left no room to doubt that this in- 
vention would remain any longer in obscurity. 
The large speculum of this instrument was 625¢ 
inches focal distance and 5 inches diameter, was 
furnished with magnifying powers of from 190 to 
230 times, and equaled in performance the fa- 
mous aérial telescope of Huygens of 123 feet in 
length.* Since this period the reflecting telescope 
has been in general use among astronomers in 
most countries of Hurope, and has received nu- 
merous improvements, under the direction of 
Short, Mudge, Edwards, and Herschel, the last of 
whom construéted reflectors of 7,10, 20, and even 
40 feet in focal length, which far surpassed, in 





_* A particular description of this telescope, with the ma- 
chinery for moving it, illustrated with an engraving, may be 
seen in Reid and Gray’s “ Abridgment of the Philosophical 
Transactions,” vol. vi, Part 1 for 1723, p. 147—152. 
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brightness and magnifying power, all the instru- 
ments of this description which had previously 
been attempted. 

Ishall now proceed to give a brief sketch of the na- 
ture of a reflecting telescope, and the different forms 
in which they have been proposed to be con- 

‘pp structed. 

Fig. 66. Fig. 62 represents the reflecting tele- 
scope as originally proposed by Gregory. 
ABE F represents a tube open at A F 
toward the object; at the other end is 
4«placed a concave speculum, B E, with a 
hole, C D, inits center, the focus of which 
| isate. A little beyond this focus, to- 

ward the object end of the telescope, A F’, 
xis placed another small concave mirror, 

G, having its polished face turned toward 

the great speculum, and is supported by 

an arm, G H, fastened to a slider connect- 
ed with the tube. At the end of the 
great tube, B HE, is screwed in a small 
tube, C D K J, containing a small plano- 
convex lens, J K. Such are the essential 
parts of this instrument and their rela- 
tive positions. It will be recollected in 
our description of the properties of con- 
cave mirrors (see p. 24), that, when rays 
i] proceed from a distant object, and fall 
z/| upon a concave speculum, they paint an 
image or representation of the object in 
before the speculum. Nowsuppose two 
parallel rays, a b, falling on the speculum B E, in 
cd; they are reflected to its focus e, where an 
inverted image of the object is formed at a little 
more than the focal] distance of the small specu- 
lum from its surface, and serves, as it were, for an 
object on which the small mirror may act. By 
the action of this mirror this first image is reflected 
to a point about f, where a secoad image is formed 
very large anderect. This image is magnified in 
the proportion of f G to e G, the rays from which 
are transmitted to the eyeglass £ K, through 
which the eye perceives the object clear and 
distinct, after the proper adjustments have been 
made. 

Suppose the focal distance of the great mirror 
was 9 inches, and the focal distance of the small 
mirror 14g inch—were we to remove the eyepiece 
of this telescope, and look through the hole of the 
great mirror, we should see the image of the ob- 
ject depicted upon the face of the small specu- 
lum, and magnified in the proportion of 9 toll, 
or 6 times, on the same principle as a common 
convex object-glass 9 inches focal length, with an 
eyeglass whose focus is 11g inch, magnifies 6 
times. ‘This may be regarded as the first part of 
the magnifying power. If, now, we suppose the 
small speculum placed a little more than 14g inch 
from the image formed by the great speculum, a 
second image is formed about jf, as much exceed- 
ing the first in its dimensions as it exceeds it in 
distance from the’small speculum, on the princi- 
ple on which the object-glass of a compound 
microscope forms a large image near the eyeglass. 
Suppose this distance to be 9 times greater, then 
the whole magnifying power will be compounded 
of 6 multiplied by 9, or 54 times. Asa telescope . 
it magnifies 6 times, and in the microscope part 9 
times. Such is the general idea of the Gregorian 
telescope, the minute particnlars and structure of 
which can only be clearly perceived by a direct 
inspection of the instrument. 

The Newtonian Reflector.—This instrument is 
somewhat different both in its form and in its 
mode of operation from that of Gregory. It is 
represented in fig. 63, where B A E Fis the tube, 
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and B E the object concave mirror, which reflects 
the parallel rays a 6 to a plane speculum G, placed 
45°, or half a right angle to the axis of the con- 
cave speculum. This small plane reflector must 
be of an oval form; the length of the oval should 
be to the breadth as 7 to 5, on account of the ob- 
liquity of its position. It is supported on an arm 
fixed to the side of the tube; an eyeglass is placed 
in a small tube, movable in the larger tube, so as 
to be perpendicular to the axis of the large reflec- 
tor, the perpendicular line passing through the 
center of the small mirror.’ The small mirror is 
situated between the large mirror and its focus, 
that its distance from this focal point may be equal 
to the distance from the center of the mirror to 
the center of the eyeglass. When the rays ab 
from a distant object fall upon the large speculum 
at c d, they are reflected toward a focus ath; but, 
being intercepted by the plane mirror G, they are 
reflected perpendicularly to the eyeglass at J, in 
the side of the tube, and the image formed near 
that position at e is viewed through a small plano- 
convex lens. The mee power of this tele- 
scope is in the proportion of the focal distance of 
the speculum to that of the eyeglass. Thus; if 
the focal distance of the speculum be 36 inches, 
and that of the eyeglass one-third of an inch, the 
magnifying power will be 108 times. It was this 
form of the reflecting telescope that Newton in- 
vented, which Sir W. Herschel adopted, and with 
which he made most of his observations and dis- 
coveries. 

The Cassegrainian Reflector.—This mode of the 
refiecting telescope, suggested by M. Cassegrain, 
a Frenchman, is represented in fig. 64. It is con- 
structed in the same way as the Gregorian, with 
the exception of a small convex speculum, G, be- 
ing substituted in the room of the small concave 
in Gregory’s construction. As the focus of a 
convex mirror is negative, it is placed at a dis- 
tance from the large speculum equal to the differ- 
ence of their foci; that is, if the focal length of 
the large speculum be 18 inches, and that of the 
small convex 2 inches, they are placed at 16 
inches distant from each other, on a principle 
similar to that of the Galilean telescope, in which 
the concave eyeglass is placed within the focus 
of the object-glass by a space equal to the focal 
length of the eyeglass. In this telescope, like- 
wise, instead of two there is only one wnage form- 
ed, namely, that in the focus of the eye- 
glass; and, on this account, some are of 
opinion that the distinctness is considerably 
greater than in the Gregorian. Mr. Rams- 
den was of opinion that this construction is 
preferable to either of the former reflectors, 
because the aberrations of the two metals 
have a tendency to correct each other, 
whereas in the Gregorian, both the metals being 
concave, any error in the specula will be doubled. 
It is his opinion that the aberrations in the Casse- 
grainian construction to that of the Gregorian is 
as 3to5. The length of this telescope is shorter 
than that of a Gregorian of equal focal Jength by 
twice the focal length of the small mirror, and it 
shows everything in an tnverted position, and, 
consequently, is not adapted for viewing terres- 
trial objects. 

Dr. Hook’s Reflector—Before the reflecting 
telescope was much known, Dr. Hook contrived 
one, the form of which is represented fig. 69, 
which differs in little or nothing from the Grego- 
rian, except that the eyeglass, I, is placed in the 
hole of the great speculum, B 

Martin’s Reflector—-Mr. Benjamin Martin a 
distinguished writer on optical and philosophical 
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science, about a century ago, described a new 


‘form of the reflecting telescope, approximating to 


the Newtonian structure, which he contrived for 
his own use. It is represented in fig. 66. A.B 
E F is the tube, in which there is an opening or 
aperture, O P,in the upper part. Against this 
hole, within the tube, is placed a large plane 
speculum, G H, at half a right angle with the axis 
or sides of the tubes, with a hole, C D, perforated 
through its middle. The parallel rays a ), falling 
on the inclined plane GH, are reflected perpen- 
dicularly and parallel on the great speculum BE 
in the bottom of the tube. From thence they 
are reflected, converging to a focus, e, through 
the hole of the plane mirror C D, which, being 
also the focus of the eyeglass I K, the eye will 
perceive the object magnified and distinct. 

In the figures referred to in the above descrip- 
tions, only one eyeglass is represented, to avoid 
complexity; but in most reflecting telescopes, the 
eyepiece consists of a combination of two plano- 
convex glasses, as in fig. 67, which produces a 
more correct and a larger field of view than a sin- 
gle lens. This combination is generally known 
by the name of the Huygenian Eyepiece, which 
shall be described in the section on the eyeptieces 
of telescopes. 

The following rule has been given for finding 
‘the magnifying power of the Gregorian telescope: 
Multiply the focal distance of the great mirror by 
the distance of the small mirror from the image 
next the eye, and multiply the focal distance of 
the small,mirror by the focal distance of the eye- 
glass; then divide the product of the former mul- 
tiplication by the product of the latter, and the 
quotient will express the magnifying power. The 
following are the dimensions of one of the reflect- 
ing telescopes constructed by Mr. Short, who was 
long distinguished as the most eminent maker of 
such instruments on a large scale, and whose 
large reflectors are still to be found in various ob- 
servatories throughout Europe: 

The focal distance of the great mirror, 9.6 
inches; or P m, fig. 67, its breadth, # D, 2.3; 
the focal distance of the small mirror, Z n, 1.5, 
or 114 inch; its breadth, g h, 0.6 or 6-10ths of an 
inch; the breadth in the hole in the great mirror, 
U V, 0.5, or half an inch; the distance between 
the small mirror and the next eyeglass, L R, 14.2; 


Fig. 67. 

















the distance between the two eyeglasses, 8 R, 2.4; 
the focal distance of the eyeglass next the metal, 
3.8; and the focal distance of the eyeglass next 
the eye, S a,1.1, 11-10ths of an inch. ‘The mag- 
nifying power of this telescope was about 60 
times. Taking this telescope as a standard, the 
following table of the dimensions and magnifying 
powers of Gregorian reflecting telescopes, as con- 
structed by Mr. Short, has been computed: 

Mr. Short—who was born in Edinburgh in 
1710, and died near London, 1768—was consider- 
ed as the most accurate constructor of reflecting 
telescopes during the period which intervened 
from 1732 to 1768. In 1743 he constructed a re- 
flector for Lord Thomas Spencer of 12 feet focal 
length, for which he received 600 guineas. He 
made several other telescopes of the same focal 
distance, with greater improvements and higher 
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magnifiers; and, in 1752, finished one for the King 
of Spain, for which, with its whole apparatus, he 
received £1200: This was considered the noblest 
instrument of its kind that had then been ‘con- 
structed, and perhaps it was never surpassed until 
Herschel constructed his twenty and forty feet re- 
flectors. High as the prices of large telescopes 
now are, Mr. Short charged for his instruments 
at a much higher rate than opticians now do, al- 








h Diameter of| 
aperture in 
inches; 


Focal lengt: 
in inches. 


Number. 








1 Power of 
““e 


3 
ing 
916 

1%” 


12 
18 
24 
36 
10 48 
11 72 
12.-| 144 


“ce 


Powers of 
“ 


6c 


CMAIOrhwore 





Sages Beal se OSES ON ee 
SHNawnnwmoounwwre 
LRA RR RODE 


a 





From this table it appears that Mr. Short 
charged 75 guineas for a 3 feet reflector, whereas 
such an instrument is now marked in the London 
opticians’ catalogues at £23 when mounted on a 
common brass stand, and £39 18s. when accom- 
panied with rack-work motions and other appa- 
ratus. It is now generally understood that in the 
above table Short always greatly overrated the 
higher powers of his telescopes. By experiment, 
they were generally found to magnify much less 
than here expressed. 

General Remarks on Gregorian Reflectors.—1. 
In regard to the hole, U V, of the great specu- 
lum, its diameter should be equal, or nearly so, to 
that of the small speculum, JZ, fig. 67; for if it 
be less, no more parallel rays will be reflected 
than if it were equal to gh, and it may do harm 
in contracting the visible area within too narrow 
limits; nor must it be larger than the mirror Z, 
because some parallel rays will then be lost, and 
those of most consequence, as being nearest the 
center. 2. The small hole at e, to which the eye 
is applied, must be nicely adjusted to the size of 
the cone of rays proceeding from the nearest 
lens, 8. If it be larger, it will permit the foreign 
light of the sky or other objects to enter the eye, 
So as to prevent distinct vision; for the eye should 
receive no light but what comes from the surface 








* Miss Short, who has erected and who superintends an 
observatory on the Calton Hill, Edinburgh, is the descend- 
ant of a brother of Mr, Short, She is in possession of a 
large Gregorian reflector, about 12 feet long, made by Mr, 
Short, and mounted on an equatorial axis, It was original. 
ly placed in a small observatory erected on the Calton Hill 


about the year 1776, but for many years past it has b 
little used, vy, past it has been 














though the price of labor, and every other article 
required in the construction of a telescope is now 
much dearer. But he had then scarcely any 
competitor, and he spared neither trouble nor ex- 
pense to make his telescopes perfect, and put such 
a price upon them as properly repaid him. The 
following table contains a statement of the aper- 
tures, powers, and prices of Gregorian telescopes, 
as constructed by Mr. James Short:* 














Prices in 


Magnifying powers, guineas, 


18 times, 3 

251 «6 4 

40 « 6 

40 and 60 « 8 

55 and 85“ 10 

35, 55, 85, and 110 « 14 
55, 95, 130, and 200 « 20 
90, 150, 230, ane 300 « 35 
100, 200, 300, and 400. 75 


120, 260, 380, and 500 « 
200, 400, 600, and 800 « 
300, 600, 900, and 1200 « 





of the small mirror, Z. If the hole be smaller 
than the cylinder of rays ate, then some of the 
necessary light will be excluded, and the object 
rendered more obscure. The diameter of this 
hole may be found by dividing the aperture of 
the telescope in inches by its magnifying power. 
Thus, if we divide the diameter of one of Short’s 
telescopes, the diameter of whose large speculum 
is 2.30, by 60, the magnifying power, the quo- 
tient will be .0383, which is nearly the 1-25th of 
aninch. Sometimes this hole is made so small 
as the 1-50th'of an inch. When this hole is, by 
any derangement, shifted from its proper position, 
it sometimes requires great nicety to adjust it, 
and, before it is accurately adjusted, the telescope 
is unfit for accurate observation. 3. It is usual 
to fix a plate with a hole in it at a 6, the focus of 
the eyeglass S, of such a diameter as will circum- 
scribe the image, so as to exhibit only that part 
of it which appears distinct, and to exclude the 
superfluous rays. 4. There is an adjusting 
screw on the outside of the great tube, connecte 

with the small speculum, by which that specu- 
lum may bg pushed backward or forward to 
adjust the instrument to distinct vision, The 
hand is applied for this purpose at 7’. 

Newtonian Telescopes—These telescopes are 
now more frequently used for celestial observa- 
tions than during the last century, when Gre- 
gorian reflectors were generally preferred. Sir 
W. Herschel was chiefly instrumental in intro- 
ducing this form of the reflecting telescope to the 
more particular attention of astronomers, by the 
splendor and extent of the discoveries which it 
enabled him to make. In this telescope there is 


ip 


no hole required in the middle of the great specu- 
lum, as in the Gregorian construction, which cir- 
cumstance secures the use of all the rays which 
flow from the central parts of the mirror. 

The following table contains a statement of 
the apertures and magnifying powers of Newto- 
nian telescopes, and the focal distances of their 
eyeglasses. The first column contains the focal 
length of the great speculum in feet; the second,. 
its linear aperture in inches; the third, the focal 
distance of the single glass in decimals, or in 
1000ths of an inch, and the fourth column con- 
tains the magnifying power. This portion of the 
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table was constructed by using the dimensions 
of Mr. Hadley’s Newtonian telescope, formerly 
referred to, as a standard, the focal distance of the 
great mirror being 6214 inches, its medium aper- 
ture 5 inches, and power 208. The fifth, sixth, 
and seventh columns contain the apertures of the 
concave speculum, the focal lengths ofthe eye- 
glasses, and the magnifying powers, as. calculated 
by Sir D. Brewster, from a telescope of Mr. 
Hauksbee, taken as a standard, whose focal length 
was 3 feet 3 inches, its aperture about 4 inches, 
and magnifying power 226 times. 

, One great advantage of reflecting telescopes 
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Focal distance| Aperture of | Focal distance| Magni- per De Brewster's Nusseenl's Magni- | 
of concave | concave me- |jof single eye-| fying Aperture of the | Focal length of | fying 
metal, tal. glass. power. fconcave speculum. eyeglass. power, 
016 0. "86 0. 167 36 1. 34 0. 107 56 
1 1. 44 Ot 99 60 2. 23 0. 129 93 
2 2. 45 0. 236 102 3y< 49 0. 152 158 
3 3g 0. 261 138 5. 14 0. 168 214 
4 0. 281 171 6. 36 0. 181 265 
By) 4. *85 0. 2297, 202 Te ob 0. 192 313 
6 HoT 0. 311 232 8. 64 0. 200=1] 360 
7 6. 24 0. 323 260 OI .67 0. 209 ° | 403 
8 6. 89 0. 334 287 10. 44 021 248 445 
9 7. 54 0. 344 314 di e0o 0. 222 487 
10 8. 16 0.. 353 340 12. 65 0. 228 527 
il 8. 76 0. 362 365 13. 58 0. 233 566 
12 9. 36 0. 367 390 14. 50 0. 238 604 
13 9. 94 Oh. 377 414 15. Al 0. 243 642 
14 10.. 49 0. 384 437 16. 25 0. 248 677 
15 11. 04 0.7 39n 460 tie ns! 0. 252 713 
16 1 eos, 0. 397 483 Li as 0. 256 749 
17 12. 14 0. 403 506 18. 82 0. 260 784 
18 192467, 0. 409 528 19. 63 0. 264 818 
19 13... 20 0. 414 550 20. 45 0. 268 852 
20 130 7h 0. 420 571 21. 24 0: 271 895 








above common refractors is, that they will admit 
of eyeglasses of a much shorter focal distance, 
and, consequently, will magnify so much the 
more, for the rays are not colored by reflection 
from a concave mirror, if it be ground to a true 
figure, as they'are by passing through a convex 
glass, though figured and polished with the ut- 
most exactness. It will be perceived from the 
above table that the focal length of the eyeglasses 
is very small, the lowest there stated being only 
about 1-10th of an inch, and the highest little 
more than 14th of an inch focal distance. Sir 
W. Herschel obtained the high powers which he 
sometimes put upon his telescopes by using small 
double convex lenses for eyeglasses, some of 
which did not exceed the one fiftieth of an inch in 
focal length. When the focal length of the con- 
cave speculum and that of the eyeglass are given, 
the magnifying power is found by dividing the 
former by the latter, after having reduced the 
focal length of the concave speculum to inches. 
Thus the 6 feet speculum, multiplied by 12, pro- 
duces 72 inches, which, divided by Brewster’s 
number for the focus of the eyeglass = 200, or 
1-5th of an inch, produces a quotient of 360 as 
the magnifying power. It has been caleulated 
that, if the metals of a Newtonian telescope be 
worked as exquisitely as those in Sir W. Her- 
schel’s 7 feet reflector, the highest power that 
such a telescope should bear with perfect distinct- 
ness will be found by multiplying the diameter 
of the great speculum in inches by 74, and the 
focal distance of the single eyeglass may be found 
by dividing the focal distance of the great mirror 


by the magnifying power. Thus 6.25—the aper- 
ture in inches of Herschel’s 7 feet Newtonian— 
multiplied by 74, is 46214, the magnifying power; 
and 7 multiplied by 12, and divided by 462, is 
50.182 of an inch, the focal distance of the single 
eyeglass required. But it is seldom that more 
than one-half of this power can be applied with 
effect to any of the planetary bodies. For gen- 
eral purposes, the power produced by multiplying 
the diameter of the speculum by 30 or 40 will be 
found most satisfactory. 


The following are the general prices of reflect- 
ing telescopes as made by the London opti- 
cians: 





es 
A four feet, seven inch aperture, Gre- 
gorian reflector, with the vertical motions 
upon a new invented principle, as well as 
apparatus to render the tube more steady 
in observation, according to the additional 
apparatus of small speculums, eyepieces, 
micrometers, &e. from 80 to 120 0 
Three feet long, mounted on a plain 
brass stand : nyeo” 2 
Ditto, with rack-work motions, improv- 
ed mounting, and metals : ) » 39 18 
Two feet long, without rack-work, and 
with 4 magnifying powers, improved 15 15 
Ditto, with rack-work motion ee 22s 
Bighteen inch, on a plain stand 29 
Twelve inch, ditto : : 6 6 
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The above are the prices stated in Messrs. W. 
and S. Jones’s catalogue. 3 ; 
The following list of prices of the various 
kinds of reflecting telescopes is from Messrs. 
Tulley’s (of Islington) catalogue: ie 
erst 


1 foot Gregorian reflector, on pillar and 
claw stand, metal 2!¢ inches diameter, 
packed ina mahogany box. 5 : 

114 foot ditto, on pillar'and claw stand, 4 
metal 3 inches diameter, packed in a ma- 


hogany box : : 3 11 11 
2 feet ditto, metal 4 inches diameter 16 16 
Ditto, ditto, with rack-work motions 25 4 
3 feet ditto, metal 5 inches diameter, 

with rack work motions is 42> 10 
Ditto, metal 6 inches diameter, on a. 

tripod stand, with center of gravity mo- 

tion i c : 5 : <"68 6 
A feet ditto, metal 7 inches diameter, as . 

above : ; ; ; j 105°.) 
6 feet ditto, metal 9 inches diameter, on 3 

an improved iron stand 3 ; . 210 0 
7 feet Newtonian reflectors, 6 inches 

aperture, mounted on a new and improved 

stand p A Fi F - 7105 ® 
Ditto, ditto, metal 7 inches diameter . 126 0 
9 feet ditto, metal 9 inches diameter . 210 0 
10 feet ditto, metal 10 inches diameter 315 0 
12 feet ditto, metal 12 inches diameter 525 0 


Comparative Brightness of Achromatic and Re- 
peng Telescopes—The late astronomer royal, 

r. Maskelyne, from a comparison of a variety 
of telescopes, was led to the following conclu- 
sion: “that the aperture of a common reflecting 
telescope, in order to show objects as bright as 
the achromatic, must be to that of an achromatic 
telescope as 8 to 5;” in other words, an achroma- 
tic whose object-glass is 5 inches in diameter, 
will show objects with as great a degree of bright- 
ness as a reflector whose large speculum is 8 
inches in diameter. This result, if correct, must 
be owing to the small number of rays reflected 
from a speculum compared with the number 
transmitted through an achromatic object-glass. 


SECTION II. 


Tuer HerscuELIAN TELESCOPE. 


Soon after Sir William Herschel commenced 


his astronomical career, he introduced a new era 
in the history of reflecting telescopes. After he 
had cast and polished an immense variety of spe- 
vula for telescopes of different sizes, he at length, 
in the year 1782, finished a 20 feet reflector with 
a large aperture. Being sensible of the vast quan- 
tity of light which is lost by a second reflection 
from the small speculum, he determined to throw 
it aside altogether, and mounted this 20 feet re- 
flector on a stand that admitted of being used 
without a small speculum in making front obser- 
vations; that is, in sitting with his back to the 
object, and looking directly toward the surface of 
the speculum. Many of his discoveries and mea- 
surements of double stars were made with this 
instrument, until at length, in the year 1785, he 
put the finishing hand to that gigantic speculum, 
which soon became the object of universal aston- 
ishment, and which was intended for his forty-feet 
reflecting telescope. He had succeeded so well 
in constructing reflecting telescopes of compara- 
tively small aperture, that they would bear higher 
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magnifying powers than had ever previously been 
applied; but he found that a deficiency of light 
could only be remedied by an increased diameter 
of the large speculum, which therefore was his 
main object when he undertook to accomplish a 
work which.to a man less enterprising would have 
appeared impracticable. The difficulties he had 
to overcome were numerous, particularly in the 
operative department of preparing, melting, an- 
nealing, grinding, and polishing a mass of metal 
that was too unwieldy to be moved without the 
aid of mechanical powers. At length, however, 
all difficulties having been overcome, this magni- 
ficent instrument was completed, with all its com- 
plicated apparatus, and erected for observation, on. 
the 28th of August, 1789, and on the same day 
the sixth satellite of Saturn was detected, as a 
prelude to still further discoveries which were af- 
terward made by this instrument in the celestial 
regions. 

It would be too tedious to attempt a description 


|of all the machinery and apparatus connected 


with this noble in t. The reader who 
wishes to peruse a mi scription of the stairs, 
ladders, platform, rollers, and of every circum- 
stance relating to joiner’s work, carpenter’s work, 
smith’s work, and other particulars connected 
with the formation and erection of this telescope, 
will find the details recorded in the 85th volume 
of the Philosophical Transactions of the Royal 
Society of London for 1795, in which there are 
sixty-three pages of letter-press, and eighteen 
plates illustrative of the subject. I shall content 
myself with giving a short outline of the essential 
parts belonging to this instrument. 

The tube of this telescope is made of rolled or 
sheet iron, joined together without rivets; the 
thickness of the sheets is somewhat less than _1_th 


part of an inch, or 14 pounds weight for a square 
foot. Great care was taken that the cylindrical 
form should be secured, and the whole was coated 
over three or four times with paint, inside and 
outside, to secure it against the damp. This tube 
was removed from the place in which it was 
formed by 24 men, divided into six sets, so that 
two men on each side, with a pole 5 feet long in 
their hands, to which was affixed a piece of coarse 
cloth 7 feet long, going under the tube, and joined 
to a pole 5 feet long in the hands of two other 
men, assisted in carrying the tube. The length of 
this tube is 39 feet 4 inches, the diameter 4 feet 10 
inches; and; on a moderate computation, it was 
ascertained that a wooden tube of proper dimen- 
sions would have exceeded an iron one in weight 
by at least 3000 pounds. Reckoning the cireum- 
ference of the tube 15 feet, its length 3914 feet, 
and 14 Ibs. for the weight of asquare foot, it must 
have contained 590 square feet, and weighed 8260 
pounds. Various hoops were fixed within the 
tube, and longitudinal bars of iron connecting 
some of them are attached to the two ends of the 
tube, by way of bracing the sheets, and presery- 
ing the shape perfect, when the pulleys are ap- 
plied to give the necessary elevation at the upper 
end, and that the speculum may be kept secure at 
the lower end. The lower end of the tube is 
firmly supported on rollers, that are capable of 
being moved forward or backward by a double 
rack, connected with a set of wheels and pinions. 
By an adjustment at the lower extremity of the 
tube, the speculum is turned to a small inclina- 
tion, so that the line of collimation may not be 
coincident with the longitudinal axis of the tube, 
but may cross the tube diagonally, and meet the 
eye in the air at about two inches from the edge 
of the tube, which is the peculiarity of the con- 
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struction that supersedes the necessity of applying 
a second reflector. Hence no part of the head of 
the observer intercepts the incident rays, and the 
observation is taken with the face looking at the 
speculum, the back being turned to the object to 
be observed. - ‘ ‘ 

The large speculum is inclosed in a strong iron 
ring, braced across with bars of iron, and an in- 
closure of iron, and ten sheets make a case for it. 
It is lifted by three handles of iron attached to the 
sides of the ring, and is put into, and taken out of, 
its proper place in the tube by the help of a 
movable crane, running on a carriage, which ope- 
Tation requires great care. The speculum is made 
of a metallic composition, and is 491¢ inches in 
diameter; but the concave polished surface is 
only 48 inches, or 4 feet in diameter. Its thick- 
ness is 344 inches; and when it came from the 
cast its weight was 2118 pounds. The metals for 
its formation were procured at a warehouse in 
Thames street, London, where they kept ingots 
of two kinds ready m -one of white and the 
other of bell-metal; aad ts composed of two 
ingots of bell-metal forone of white. It was not 
to be expected that a speculum of such large di- 
mensions could have a perfect figure imparted to 
its surface, nor that the curve, whatever it be, 
would remain identically the same in changes of 
temperature; therefore we are not surprised when 
we are told that the magnifying powers used with 
this telescope seldom exceeded 200, the quantity 
of light collected by so large a surface being the 
principal aim of the maker. The raising of the 
balcony, on which the observer stands, and the 
sliding of the lower end of the tube, in which the 
speculum rests, are effected by separate tackles, 
and require only occasional motions; but the ele- 
vation of the telescope requires the main tackle 
to be employed, and the motion usually'given in 
altitude at once was two degrees; the breadth of 
the zone in which the observations were made, 
as the motion of the sphere in right ascension 
brought the objects into view. A star, however, 
could be followed for about a quarter of an hour. 
Three persons were employed in using this tele- 
scope, one to work the tackle, another to observe, 
and a third to mark down the observations. The 
elevation was pointed out bya small quadrant 
fixed to the main tube, near the lower end, but 
the polar distance was indicated by a piece of ma- 
chinery, worked by a string, which continually 
indicated the degree and minute on a dial in the 
small house adjoining, while the time was shown 
by a clock in the same place, Miss Herschel per- 
forming the office of registrar. 

At the upper end the tube is open, and directed 
to the part of the heavens intended for observa- 
tion, and the observer, standing on the foot-board, 
looks down the tube, and perceives the object by 
rays reflected from the speculum through the eye- 
glass at the opening of the tube. When the tele- 
scope is directed to any objects near the zenith, the 
observer is necessarily at an elevation of at least 
40 feet from the ground. Near the place of the 
eyeglass is the end of a tin pipe, into which a 
mouthpiece may be placed, so that, during an ob- 
servation, a person may direct his voice into this 
pipe, while his eye is at the glass. This pipe, 
which is 14g inch in diameter, runs down to the 
bottom of the tube, where it goes into a turning 
joint, thence into a drawing tube, and out of this 
into another turning joint, from whence it pro- 
ceeds, by a set of sliding tubes, toward the front 
of the foundation timber. Its use is to convey 
the voice of the observer to his assistants, for at 
the last plaive it divides itself into two branches, 
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one going into the observatory, the other into the 
workman’s room, ascending in both places through 
the floor, and terminates in the usual shape of 
speaking trumpets. Though the voice passes in 
this manner through a tube, with many inflec- 
tions, and through not less than 115 feet, it re- 
quires very little exertion to be well understood. 

To direct so unwieldy a body to any part of the 
heavens at pleasure, many mechanical contriv- 
ances were evidently necessary. The whole ap- 
paratus rests upon rollers, and care was previously 
taken of the foundation in the ground. This con- 
sists of concentrical brick walls, the outermost 42 
feet, the innermost 21 feet in diameter, 2 feet 6 
inches deep under ground, 2 feet 3 inches broad 
at the bottom, and 1 foot 2 inches at the top, 
capped with paving stones 3 inches thick, and 1237 
inches broad. 

In the center is a large post of oak, framed to- 
gether with braces under ground, and walled fast 
to brickwork to make it steady. Round this cen- 
ter the whole frame is moved horizontally by 
means of 20 rollers, 12 upon the outer and 8 upon 
the inner wall. The vertical motion is given to 
the instrument by means of ropes and pulleys, 
passing over the main beam supported by the lad- 
ders. These ladders are 49 feet long, and there is 
a movable gallery with 24 rollers to ease its mo- 
tion. There is a staircase intended for persons 
who wish to ascend into the gallery without being 
obliged to go up the ladder. The ease with which 
the horizontal and vertical motions may be com- 
municated to the tube may be conceived from a 
rematk of Sir W. Herschel, that in the year 1789 
he several times observed Saturn, two or three 
hours before and after its meridian passage, with 
one single person to continue, at his directions, 
the necessary horizontal and vertical motions. 

By this telescope the sixth and seventh satellites 
of Saturn were discovered, only one of which is 
within the reach of the 20 feet reflector, or even 
of a 25 feet instrument. The discovery of the 
satellites of the planet Uranus, however, was made 
by the 20 feet reflector, but only after it had been 
converted from the Newtonian to the Herschelian 
construction, which affords a proof of the supe- 
riority of the latter cohstruction over the former 
when the same speculum is used. Never had the 
heavens before been observed with so extraordi- 
nary an instrument as the forty-feet reflector. 
The nebulosities which are found among the fixed 
stars in various regions of the heavens appeared 
almost all to resolve themselves into an innumera- 
ble multitude of stars; others, hitherto impercep- 
tible, seemed to have acquired a distinct light. 
On the entrance of Sirius into the field of the 
telescope, the eye was so violently affected that 
stars of less magnitude could not immediately 
after be perceived, and it was necessary to wait for 
20 minutes before these stars could be observed. 
The ring of Saturn had always before ceased to 
be visible when its plane was directed toward the 
earth; but the feeble light which it reflects in that 
position was enough for Herschel’s instrument, 
and the ring, even then, still remained visible to 
him. 

It has been generally considered that this tele- 
scope was capable of carrying a power of 6000 
times; and, perhaps, for the purpose of an ex- 
periment, and for trying its effect on certain ob- 
jects, such a power may have been applied, in 
which case the eyeglass must have been only 
9-25ths of an inch focal distance, or somewhat 
less than 1-12th of an inch. But such a power 
could not be generally applied with any good ef- 
fect to the planetary bodies, and I question much 
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whether any power above 1000 times was ever 
generally used; for it is the quantity of light 
which the telescope collects, more than the mag- 
nifying power, that enables us to penetrate, with 
-effect, into the distant spaces of the firmament; 
and hence, as above stated, the power seldom ex- 
ceeded 200, which, on account of the large di- 
ameter of the speculum, would enable the instru- 
ment to penetrate into the distant celestial spaces 
perhaps farther than if a power of as many tlfou- 
sands of times had been applied. 

Sir John Herschel, who inherits all the science, 
skill, and industry of his father, some time ago 
ground and polished a new speculum for the 20 
feet tube, formerly noticed, which is connected 
with a stand, pulleys, and other appendages simi- 
lar to those above described, though: of smaller 
dimensions. This telescope shows the double 
stars exceedingly well-defined, and was one of the 
principal instruments used in forming his cata- 
logue of these objects which was presented to the. 
Royal Society, in conjunction with that of 
James South, about the year 1828. I suppose it 
is likewise the same telescope with which Sir 
John lately made his sidereal observations at the 
Cape of Good Hope. 


SECTION III. 


RAMAGE’S LARGE REFLECTING TELESCOPE. 


Tue largest front view reflecting telescope in 
this country, next to Herschel’s 40 feet instru- 
ment, is that which was erected at the Royal Ob- 
servatory at Greenwich in the year 1820, by Mr. 
Ramage of Aberdeen. The diameter of the con- 
cave reflector is 15 inches, and its focal length 25 
feet. It is erected on machinery which bears a 
certain resemblance to that of Herschel’s, which 
we have now described, but the mechanical ar- 
rangements are greatly simplified, so that the 
instrument is manageable by an observer without 
an assistant. The tube is composed of a twelve- 
sided prism of deal 5gths of an inch thick. At 
the mouth is a double cylinder of different diam- 
eters on the same axis; around this a cord is 
wound by a winch, and passes up from the small 
cylinder, over a pulley, and down through another 
pulley on to the large cylinder. When the winch, 
therefore, is turned to raise the telescope, the 
endless cord is unwound from the smaller eylin- 
der and wound on to the larger, the difference of 
the size of the two cylinders will be double the 
quantity raised, and a mechanical force to any 
extent may thus be obtained, by duly proportion- 
ing the diameters of the two cylinders: by this 
contrivance the necessity of an assistant is super- 
seded. The view through this instrument first 
astonished those observers. who had not been ac- 
customed to examine a heavenly body with a tel- 
escope possessing so much light, and its perform- 
ance was deemed quite extraordinary. But when 
the first impression had subsided, and different 
trials had been made in different states of the at- 
mosphere, it was discovered that the central por- 
tion of the speculum was more perfectly figured 
than the ring bordering on the extreme edges. 
When the aperture was limited to ten or twelve 
inches, the performance as to the distinctness in 
its defining power was greatly improved, and the 
light was so brilliant that the astronomer royal 
was disposed to entertain an opinion that it might 
equal that of a good achromatic refractor of the 
same dimensions. When, however, very small 
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and obscure objects are to be observed, the whole 
light of the entire aperture may be used with ad- 
vantage on favorable evenings. Cd 

The eyepieces adapted to this telescope have 
powers which magnify the object linearly from 
100 to 1500 times, which are competent to fulfill 
all the purposes of vision when cleared of aber- 
ration. When the telescope is placed in the 
plane of the meridian, and elevated; together with 
the gallery, into any required altitude, the meridi- - 
onal sweeps, formerly practiced by Sir W. Her- 
schel, and continued by Sir John with great 
success, in the examination of double stars and 
nebula, may be managed with great ease. 

Mr. Ramage had a telescope of about the same 
size erected in an open space in Aberdeen, which 
J had an opportunity of inspecting when I paid 
a visit to that gentleman in 1833, but cloudy 
weather prevented my obtaining a view of any 
celestial bodies through it. He showed me at 
that time two or three large speculums, from 12 
to 18 inches in diameter, which he had finished 
some time before, and h appeared most beau- 
tifully polished. He told me, too, that he had 
ground and polished them simply with his hand, 
without the aid of any machinery or mechanical 
power : a circumstance which, he said, astonished 
the opticians of London when it was stated, and 
which they considered as almost incredible. His 
experience in casting and polishing metals of 
various sizes during a period of 15 or 16 years 
qualified him to prepare specula of great luster, 
and with an unusually high polish. It has been 
asserted that a fifty feet telescope by Ramage of 
21 inches aperture, was intended to be substituted 
for the 25 feet instrument erected at Greenwich, 
and the speculum, it is understood, was prepared, 
and ready for use, provided the Navy Board was 
disposed to defray the expense of carrying the 
plan into execution; but, unfortunately, this in- 
genious artist was unexpectedly cut off in the 
midst of his career; about the year 1835. 


SECTION IV. 


THE AERIAL REFLECTOR CONSTRUCTED BY THE 
AUTHOR. 


A particunar description of this telescope was 
given in the “ Edinburgh New Philosophical Jour- 
nal”? for April—July, 1826, conducted by Profes- 
sor Jameson, the greater part of which was copied 
in the “ London Encyclopedia,’? under the article 
Telescope. . From this description I shall endeavor 
to condense a brief account of this instrument, 
with a few additional remarks. 

About the year 1822, an old speculum 97 inches 
in focal length, very imperfectly polished, hap- 
pened accidentally to come into my possession, 
and feeling no inclination to fit it up in the Gre- 
gorian form, I adopted the resolution of throwing 
aside the small speculum, and attempting the front 
view, notwithstanding the uniform assertion of 
opticians that such an attempt in instruments of 
a small size is impracticable. I had some ground 
for expecting success in this attempt from several 
experiments I had previously made, particularly 
from some modifications made in the construc- 
tion of astronomical eyepieces, which have a ten- 
dency to correct the aberration of the rays of 
light when they proeeed somewhat obliquely from 
alens or speculum. In the first instance, I placed 
the speculum at one end of a tube of the form of 
the segment of a cone, the end next the eye being 
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somewhat wider than that at which the speculum 
was fixed, and its length about an inch shorter 
than the focal distance of the mirror. A small 
tube for receiving the different eyepieces was fixed 
in the inside of the large tube at the end next the 
eye, and connected with an apparatus by which 
it could occasionally be moved either in a vertical 
‘er horizontal direction. “With the instrument 
fitted up in this manner, I obtained some inter- 
esting views of the moon and of terrestrial ob- 
jects; but, finding that one side of the tube in- 
tercepted a considerable portion of light from the 
object, I determined to throw aside the tube 
altogether, and to fit up the instrument on a dif- 
ferent plan. i 

A short mahogany tube, about three inches 
long, was prepared, to serve as a socket for hold- 
ing the speculum. To the side of this tube an 
arm was attached, about the length of the focal 
distance of the mirror, at the extremity of which 
a brass tube for receiving the eyepieces was fixed, 
connected with screws and sockets, by which it 
might be raised or depressed, and turned to the 
right hand or to the left, and with adjusting ap- 
paratus, by which it might be brought nearer to 
or farther from the speculum. Fig. 69 exhibits a 
general representation of the instrument in pro- 
file. A B is the short tube which holds the spe- 
culum; C D the arm which carries the eyetubes, 
which consists of two distinct pieces of mahog- 
any; the part D being capable of sliding along 
the under side of C, through the brass sockets E 
F. To the under part of the socket, FP, is at- 
tached a brass nut with a female screw, in which 
the male screw, a 6, acts by applying the hand to 
the knob ¢, which serves for adjusting the instru- 
ment to distinct vision. & is the brass tube which 
receives the eyepieces. It is supported by a strong 
brass wire, d e, which passes through a nut con- 
nected with another strong wire, which passes 
through the arm D. By means of the nut f, this 
tube may be elevated or depressed, and firmly 
fixed in its proper position; and by the nut d it 
may be brought nearer to, or farther from, the 
arm D. 

By the same apparatus it is also rendered capa- 
pable of being moved either in a vertical 
or horizontal direction; but when it is once 
adjusted to its proper position, it must be 
firmly fixed, and requires no further atten- 
tion. The eyepiece represented in this fi- 
gure is the one used for terrestrial objects, 
which consists of the tubes belonging to 
a pocket achromatic telescope. Whenan 
astronomical eyepiece is used, the length 
of the instrument extends only to the point 
I. In looking through this telescope the 
right eye is applied to the point H, and 
the observer’s head is understood to be un- 
covered, or, at least tightly covered with a 
thin cap. For those who use only theleft 
eye, the arm would require to be placed on 
the opposite side of the tube, or the arm, 
along with the tube, be made to turn round 
180 degrees. 

Fig. 70 represents a front, or rather an 
oblique view of the instrument, in which 
the position of the speculum may be seen. 


All 
the specula which I fitted up in this form having 
been originally intended for Gregorian reflectors, 


have holes in their centers. The eyepiece is 
therefore directed to a point nearly equidistant 
from the hole to the left hand edge of the specu- 
lum, that is to the point a. In one of these in- 
struments fitted up with a four feet speculum, the 
line of vision is directed to the point 6 on the op- 
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posite side of the speculum, but in this case the 
eyetube is removed farther from the arm than in 
the former case. The hole in the center of the 
speculum is obviously a defect in this construction 
of a reflecting telescope, as it prevents us from 
obtaining the full advantage of the rays which 
fall near the center of the mirror; yet the per- 
formance of the instruments, even with this dis- 
advantage, is superior to what we should previous- 
ly have been led to expect. 

The principal nicety in the construction of the 
instrument consists in the adjustment and proper 
direction of the eyetube. There is only one po- 
sition in which vision will be perfectly distinct. 
It must be neither too high nor toolow; it must 
be fixed at a certain distance from the arm, and 
must be directed to a certain point of the specu- 
lum. This’ position must be ultimately deter- 
mined by experiment when viewing terrestrial 
objects. A person unacquainted with this con- 


'struction of the telescope would perhaps find it 
V difficult, in the first instance, to make this adjust- 


ment; but were it at any time deranged, through 
accident or otherwise, I can easily make the ad- 
justment anew in the course of a minute or two. 

In pointing this telescope to the object intended 
to be viewed, the eye is applied at K, fig. 69, and 
looking along the arm, toward the eyepiece, until 
it nearly coincides with the object, it will, in most 
cases be readily found. In this way I can easily 
point this instrument to Jupiter or Saturn, or to 
any of the other planets visible to the naked eye, 
even when a power of 160 or 170 times is applied. 
When high magnifying powers, however, are used, 
it may be expedient to fix, on the upper part of 
the short tube on which the speculum rests, a 
finder, such as that which is used in Newtonian 
telescopes. When the moon is the object intended 
to be viewed, she may be instantly found by mov- 
ing the instrument until her reflected image be 
seen from the eye-end of the telescope on the 
face of the mirror. 

I have fitted up several instruments of the above 
description with specula of 16, 27, 35, and 49 
inches focal distance. One of these, having a 
speculum of 27 inches focal length, and an astrono- 
































mical eyepiece, producing a magnifying power of « 
about 90 times, serves as a good astronomical tele- 
scope. By this instrument the belts and satellites 
of Jupiter, the ring of Saturn, and the mountains 
and cavities of the moon, may be contemplated 
with great ease and distinctness. With a magni- 
fying: power of 35 or 40 times, terrestrial objects 
appear remarkably bright and well-defined. When 
compared with a Gregorian, the quantity of light 
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upon the object appears nearly doubled, and the 
image is equally distinct, although the speculum 
has several blemishes, and its surface is but im- 
perfectly polished. It represents objects in their 
natural colors, without that dingy and yellowish 
tinge which appears when looking through a 
Gregorian. Another of these instruments is about 


‘ Fig. 70. 
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four feet long. The speculum which belongs to 
it is a very old one: when it came into my pos- 
session, it was so completely tarnished as scarcely 
to reflect a ray of light. After it was cleaned, 
it appeared to be scarcely half polished, and its 
surface is covered with yellowish stains which 
cannot be erased. Were it fitted up upon the 
Gregorian plan, it would, I presume, be of very 
little use, unless when a very small magnifying 
power was applied; yet in its present form it 
bears With distinctness a magnifying power of 130 
times, and is equal in its performance to a 31¢ feet 
achromatic. It exhibits distinct and interesting 
views of the diversities of shade, and of the moun- 
tains, vales, cavities and other inequalities of the 
moon’s surface. With a power of about 50 times, 
and a terrestrial eyepiece, it forms an excellent 
telescope for land objects,and exhibits them in a 
brilliant and novel aspect. The smallest. instru- 
ment I have attempted to construct on this plan 
is only 54 inches focal distance, and 13/ths of an 
inch in diameter. With a magnifying power of 
about 15 times, it shows terrestrial objects with 
distinctness and brilliancy. But I should deem it 
inexpedient to fit up any instrument of this de- 
scription with specula of a shorter focal distance 
than 20 or 24 inches. The longer the focal dis- 
tance, the more distinctness may be expected, al- 
though the aperture of the speculum should be 
comparatively small. 

The following are some of the properties and 
advantages peculiar to this construction of the 
reflecting telescope: 

1. It is extremely simple, and may be fitted up at 
a comparatively smull expense. Instead of large 
and expensive brass tubes, such as are used in the 
Gregorian and Newtonian construction; little more 
is required than a short mahogany tube, two or 
three inches long, to serve as a socket for the spe- 
culum, with an arm connected with. it. about 
the focal length of the speculum. The ex- 
pense of small specula, either plain or concave, 
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is saved, together with the numerous screws, 
springs, &c., for centering the two specula, 
and placing the small mirror parallel to ¥ large 
one. The only adjustment requisite in this con- 
struction is that of the eyetube to the speculum; 
and, by means of the simple apparatus above de- 
scribed, it can be effected in the course of a few 
minutes. Almost the whole expense of the in- 
strument consists in the price of the speculum 
and the eyepieces. The expense of fitting up the 
four feet speculum alluded to above, exclusive of 
speculum and eyepiece, but including mahogany 
tube and arm, brass sockets, screws, eyetube, brass 
joint, and a cast-iron stand, painted and varnished, 
did not amount to £1 8s. A Gregorian of the 
same size would have required a brass tube at 
least 414 feet in length, which would cost five or 
six guineas, beside the apparatus connected with 
the small speculum, and the additional expense 
connected with the fitting up of the joint and 
stand requisite for supporting and steadying so un- 
wieldy an instrument. While the one instrument 
would require two persons to carry it from one 
room to another, and would oceupy a considerable 
space in an ordinary apartment, the other can be 
moved with the utmost ease, with one hand, to any 
moderate distance, and the space it occupies is ex- 
tremely small. : 

2. It is more convenient for viewing celestial ob- 
jects at a high altitude than other telescopes. When 
we look through a Gregorian reflector or an ach- 
romatic telescope of four or five feetin length, to 
an object elevated 50 or 60 degrees above the ho- 
rizon, the body requires to be placed in an uneasy 
and distorted position, and the eye is somewhat 
strained while the observation is continued; but 
when viewing similar objects by the Aerial Re- 
lector, we can either stand perfectly erect, or sit 
on a chair, with the same ease as we sit at a desk 
when reading a book or writing a letter. In this 
way, the surface of the moon or any other of the 
planets may be contemplated for an hour or two 
without the least weariness or fatigue. A deli- 
neation of the lunar surface may be taken with 
this instrament with more ease and accuracy than 
with any other instrument, as the observer can 
sketch the outline of the object by one eye ona tablet 
placed a little below the eyepiece, while the other 
eye is looking at the object. For the purpose of 
accommodating the instrument to a sitting or 
standing posture,a small table was constructed, 
capable of being elevated or depressed at pleasure, 
on which the stand of the telescope is placed. 
When the telescope is four or five feet long, and 
the object at a very high elevation, the instrument 
may be placed on the floor of the apartment, and 
the observer will stand in an erect position. 

3. This instrument is considerably shorter than 
a Gregorian telescope whose-mirror is of the same 
focal length. When an astronomical eyepiece is 
used, the whole length of the instrument is no- 
thing more than the focal length of the speculum; 
but a Gregorian, whose large speculum is four 
feet focus, will be nearly five feet in length, in- 
cluding the eyepiece. 

4. The Aerial Reflector far excels the Grego- 
rian in brightness. The deficiency of light in 
the Gregorians is owing to the second reflection 
from the small mirror; for it has been proved by 
experiment that nearly the one-half of the rays 
of light which fall upon a reflecting surface is 
lost by a second reflection. The image of the 
object may also be presumed to be more correct, 
as it is not liable to any distortion by being re- 
tlected from another speculum. 

5. There is less tremor in these telescopes than 
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in Gregorian reflectors. One cause,among others, 
of the tremors complained of in Gregorians is, I 
presume, the formation of a second image ut a 
great distance from the first, beside that which 
arises from the elastic tremor of the small specu- 
lum, when carried by an arm supported only at 
one end; but as the image formed by the speculum, 
in the aerial telescope is viewed directly, without 
being exposed to any subsequent reflection, it is 
not so liable to the tremors which are so fre- 
quently experienced in other reflectors. Not- 
withstanding the length of the arm of the four 
feet telescope above mentioned, a celestial object 
appears remarkably steady when passing across 
the field of view, especially when it is at a mod- 
erate degree of altitude; and: it is easily kept in 
the field by a gentle motion applied to the arm of 
the instrument. 

In prosecuting my experiments in relation to 
these instruments, I wished to ascertain what 
effect might be produced by using a part of a spec- 
ulum instead of the whole. For this purpose, J 
cut aspeculum, three feet in focal length, through 


* the center, so as to divide it into two equal parts, 


and fitted up each part as a distinct telescope, so 
that I obtained two telescopes from one speculum. 
In this case, | found that each half of the spec- 
ulum performed nearly as well as the whole 
speculum had done before; at least, there appear- 
ed to be no very sensible diminution in the bright- 
ness of the object, when viewed with a moderate 
power, and the image was equally accurate and 
distinct; so that if economy were a particular 
object aimed at in the construction of these in- 
struments, two good telescopes might be obtained 
from one speculum; or if a speculum happened 
to be broken accidentally into large fragments, one 
or more of the fragments may be fitted up on this 
principle to serve as a tolerably good telescope. 
From the experiments I have made in reference 
to these instruments, it is demonstrable that @ 
tube is not necessary in the construction of a re- 
flecting telescope—at least, on the principle now 
stated—whether it be used by day or by night, 
for terrestrial or celestial objects; for I have fre- 
quently used these telescopes in the open air in 
the day-time, without any inconvenience from 
extraneous light. Therefore, were a reflecting 
telescope of 50 or 60 feet in length to be con- 
structed, it might be fitted up at a comparatively 
small expense, after the expense of the metallic 
substances, and of casting, grinding, and polishing 
the speculum is defrayed. The largest instrument 
of this description which has hitherto been con- 
structed is the 40 feet reflector of Sir W. Her- 
schel. This complicated and most unwieldy 
instrument had a tube of rolled or sheet iron 39 
feet 4 inches in length, about 15 feet in circum- 
ference, and weighed about 8000 pounds. Now I 
conceive that such enormous tubes, in instru- 
ments of such dimensions, are altogether un- 
necessary. Nothing more is requisite than a 
short tube for holding the speculum. Connected 
with one side of this tube (or with both sides 
were it found necessary), two strong bars of wood, 
projecting a few feet beyond the speculum end, 
and extending in front as far as the focal length 
of the mirror, and connected by cross-bars of 
wood, iron, or brass, would be quite sufficient for 
a support to the eyepiece, and for directing the 
motion of the instrument. A telescope of 40 or 
50 feet in length, constructed on this plan, would 
not require one-fifth of the expense, nor one- 
fourth of the apparatus and mechanical power 
for moving it to any required position, which 
were found necessary in the construction of Sir 


Vox. I1.—35 


% 





91 


W. Herschel’s large reflecting telescope. The 
idea here suggested will perhaps be more readily 
appreciated by an inspection of fig. 71, where A 
is the short tube, B C and D E the two large bars 
or arms, connected with crossbars, for the pur- 
pose of securing strength and steadiness. At I 
and K, behind the speculum, weights might be 
applied, if necessary, for counterbalancing the 
lever power of the long arm. FF represents the 
position of the eyepiece, and G H the joint and 
part of the pedestal om which the instrument is 
placed. With regard to telescopes of smaller di- 
mensions, as from 5 to 15 feet in focal length— 
with the exception of the expense of the specula 
and eyepieces—they might be fitted up for a sum 
not greater than from 3 to 10 or 15 guineas. 





Were any person to attempt the construction 
of those telescopes, it is possible he might not 
succeed in his first attempts without more minute 
directions than I have yet given. The following 
directions may perhaps tend to guide the experi- 
menter in adjusting the eye-tube to the speculum, 
which is a point that requires to be particularly 
attended to, and on which depends the accurate 
performance of the instrument. After having 
fixed the eyepiece nearly in the position it 
should occupy, and directed the instrument to a 
particular object, look along the arm of the tele- 
scope, from K (fig. 69), to the extremity of the 
eyepiece at H, and observe whether it nearly 
coincides with the object. If the object appear 
lower than this line of vision, the eyepiece must 
be lowered, and if higher, it must be raised, by 
means of the nuts and screws at g d and fe, until 
the object and the line of vision now stated nearly 
coincide. The eyepiece should be directed as 
nearly perpendicular to the front of the speculum 
as possible, but so that the reflected image of 
one’s head from the mirror shall not interfere to 
obstruct the rays from the object. An object 
may be seen with an approximate degree of dis- 
tinctness, but not accurately, unless this adjust- 
ment be pretty accurately made. The astronom~ 
ical eyepieces used for these telescopes are fitted 
with a brass cap, which slides on the end next 
the eye, and is capable of being brought nearer to 
or farther from the first eyeglass. In the center 
of this cap, next the eye, is a small hole, about 
the 1-40th or 1-50th of an inch diameter, or 
about as wide as to admit the point of a pin ora 
moderate-sized needle. ‘The distance of this hole 
from the lens next the eye must be adjusted by 
trial, until the whole field of view appears distinct. 
A common astronomical eyepiece, without this 
addition, does not answer well. I find, by expe- 
rience, that terrestrial eyepieces, such as those 
used in good achromatic telescopes, are, on the 
whole, best adapted: to this construction of a re- 
flecting telescope. 

I have sometimes used these instruments for 
the purpose of viewing perspective prints, which 
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they exhibit in a beautiful and interesting manner. 
If a colored perspective be placed at one end of a 
large room or gallery, and strongly illuminated 
either by the sun or by two candles, and one of 
the reflectors, furnished with a small magnifying 
power, placed at the opposite end of the room, the 
representation of astreet or a landscape will be 
seen in its true perspective, and will appear even 
more pleasant and interesting than when viewed 
through the common optical diagonal machine. “If 
an inverting eyepiece be used—which is most 
eligible in this experiment—the print, of course, 
must be placed in an inverted position. 

That reflecting telescopes of the descriptions 
now stated are original in their construction, 
appears from the uniform language of optical 
writers, some of whom have pronounced such 
attempts to be altogether impracticable. Sir 
David Brewster, one of the latest and most 
respectable writers on this subject, in the “ Edin- 
burgh Encyclopedia,” art. Optics, and in the last 
edition of his Appendix to “‘ Ferguson’s Lectures,” 
has the following remarks: “If we could dispense 
with the use of the small specula in telescopes of 
moderate length, by inclining the great speculum, 
and using an oblique, and, consequently, a dis- 
torted reflection, as proposed first by Le Maire, 
we should consider the Newtonian telescope as 
perfect; and on a large scale, or when the instru- 
ment exeeeds 20 feet, it has undoubtedly this 
character, as nothing can be more simple than to 
magnify, by a single eyeglass, the image formed 
by asingle speculum. As the front view is quite 
impracticable, and, indeed, has never been attempted 
in instruments of a small size, it becomes of great 
practicable consequence to remove as much as 
possible the evils which arise from the use of a 
small speculum,” &c. 

The instruments now described have effectuat- 
ed, in some degree, the desirable object alluded 
to by this distinguished philosopher, and the 
mode of construction is neither that of Sir W. 
Herschel’s front view, nor does it coincide with 
that proposed by Le Maire, which appears to have 
been a mere hint that was never realized in the 
construction of reflecting telescopes of a small 
size. The simplicity of the construction of these 
instruments, and the excellence of their perform- 
ance, have been much admired byseveral scientific 
gentlemen and others to whom they have been 
exhibited. Prior to the description of them in 
the Edinburgh Philosophical Journal, they were 
exhibited in the Calton Hill Observatory, Edin- 
burgh, in the presence of Professor Wallace and 
another gentleman, who compared their perform- 
ance with that of an excellent Gregorian. As 
this instrument is distinguished from every other 
telescope in being used without a tube, it has 








been denominated “ The Aerial Reflector.’ 
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flecting telescopes, which imperfection, if it could 
be completely remedied, would render the reflect- 
ing telescope almost a perfect instrument, as it is 
not affected by the different refrangibility of the 
rays of light. His method, we believe, consisted 
in forming a large speculum of two or three 
separate pieces of metal, which were afterward 
accurately combined into one—a central part, 
which was surrounded by one or two rings 
ground on the same tool. When the images 
formed by the separate pieces were made exactly 
to coincide, the image of the object toward which 
the whole speculum was directed was then found 
to be as distinct as either image had been when 
separate; but, at the period referred to, a sufficient 
number of experiments had not been made to de- 
termine that his lordship had completely accom- 
plished the object he intended. 

Great interest, however, has of late been exci- 
ted by the improvements which his lordship has 
made in the formation of specula. Sir W. Her- 
schel never made public the means by which he 
succeeded in giving such gigantic development to 
the reflecting telescope, and therefore the con- 
struction of a large reflector has been considered 
asa perilous adventure; but, according to a re- 
port of Dr. Robinson, of Armagh, to the Irish 
Academy, the Earl of Rosse has overcome the 
difficulties which have hitherto been met with, 
and carried to an extent which even Herschel 
himself did not venture to contemplate, the illu- 
minating power of this telescope, along with a 
sharpness of definition little inferior to that of the 
achromatic; and it is scarcely possible, he ob- 
serves, to preserve the necessary sobriety of lan- 
guage in speaking of the moon’s appearance with 
this instrument, which Dr. Robinson believes to 
be the most powerful ever constructed. The dif- 
ficulty of constructing large specula, and of im- 
parting to them the requisite degree of polish, 
has hitherto been considered so great, that from 
eight to twelve inches diameter, has been, in gen- 
eral, their utmost size; indeed, except with the 
greatest reluctance, London opticians would not 
accept of orders for specula of more than nine 
inches in diameter. It appears, however, that the 
Earl of Rosse has succeeded, by a peculiar method 
of molding, in casting object-mirrors of true spe- 
culum metal of three feet in diameter, and of a 
weight exceeding 17 cwt. He is about to construct 
a telescope, the speculum of which is six feet in 
diameter. fifty feet focal distance, and of the 
weight of four tons; and from what he has al- 
ready accomplished, it is not doubted that he pos- 
sesses the power to carry his design into effect. 
These great masses of metal, which, in the hands 
of all other makers of specula, would have been 
as untractable as so much unannealed flint glass, 
the Earl of Rosse has farther succeeded in brings 
ing to the highest degree of polish, and the ut- 


| most perfection of curvature, by means of ma- 


SECTION V. ? 


Earu or Rossn’s REFLECTING TELESCOPES. 


Tuts nobleman, unlike many of his compeers, 
has, for a considerable number of years past, de- 
voted his attention to the pursuits of science, and 
particularly to the improvement of reflecting tel- 
escopes. He is evidently possessed of high 
mathematical attainments, combined with an un- 
common degree of mechanical ingenuity. About 
14 or 15 years ago, he engaged in various experi- 
ments with the view of counteracting the effects 
of the spherical aberration of the specuia of re- 





chinery. The process is conducted under water, 
by which means those variations of temperature, 
so fatal to the finest specula hitherto attempted, 
are effectually guarded against. To convince Dr. 
Robinson of the efficacy of this machinery, the 
Earl took the three-feet speculum out of its tele- 
scope, destroyed its polished surface, and placed 
it under the mechanical polisher. In six hours it 
was taken out witha perfect new surface as bright 
as the original. Under the old system of hand 
polishing, it might have required months, and 
even years to effect this restoration. Even before 
achieving these extraordinary triumphs on the 
solid substance, his lordship had constructed a 
six-feet reflector by covering a curved surface of 
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brass with squares of the ted Mibeouttiin metal, 
which ge an immense quantity of light, though 
subject to some irregularities, arising from the 
number of joinings necessary in such a mosaic 
work. Of the performance of his lordship’s 
great telescope, mounted with this reflector, those 
who have seen it speak in terms of high admira- 
tion; but in reference to the smaller and more 
perfect instrument, furnished with ‘the solid three- 
feet speculum, the language of the Armagh as- 
tronomer assumes a tone of enthusiasm, and even 
of sublimity. By means of this exquisite instru- 
ment, Dr. Robinson and Sir J. South; in the inter- 
vals of a rather unfavorable night, saw several 
new stars, and corrected numerous errors of other 
observers. Jor example, the planet Uranus, sup- 
posed to possess a ring similar to that of Saturn, 
was found not to have any such appendage; and 
those nebule, hitherto regarded, from their appa- 
rently circular outline, as “coalescing systems,” 
appeared, when tested by the three-feet speculum, 
to be very far indeed from presenting a globular 
appearance, numerous offshoots and appendages, 
invisible by other telescopes, appearing in all di- 
rections radiating from their edges. Such dis- 
coveries, which reflect great honor on the Earl 
of Rosse, will doubtless have great effect on the 
interests of astronomical science.* 


SECTION VI. 


REFLECTING TELESCOPES WITH GLASS SPECULA. 


Artmr making a variety of experiments with 
aerial telescopes constructed of metallic specula 
of different focal lengths, I constructed a tele- 
scope on the same plan with a concave glass mir- 
ror. Having obtained a fragment of avery large 
convex mirror which happened accidentally to 
have been broken, J caused the convex side to be 
foliated or silverized, and found its focal length to 
be about 27 inches. This mirror, which was 
about five inches diameter, I placed in one of the 
aerial reflectors instead of the metallic speculum, 
and tried its effects with different terrestrial eye- 
pieces. With a power of about 35 or 40 times, 
it gave a beautiful and splendid view of distant 
terrestrial objects, the quantity of light reflected 
from them being considerably greater than when 
a metallic speculum was used, and they appeared, 
on the whole, well-defined. The only imperfec- 
tion—as I had foreseen—consisted in a double 
image being formed of objects which were re- 
markably bright and white, such as a lighthouse 
whitened on the outside, and strongly illuminated 
by the sun. One of the images was bright, and 
the other faint. This was obviously owing to the 
two reflections from the two surfaces of the mir- 
ror—one from the convex silverized side, and the 
other from the concave side next the eye, which 
produced the faint image —which circumstance 
has been generally considered as a sufficient rea- 
son for rejecting the use of glass specula in tele- 
scopes. But, although very bright objects exhib- 
ited a double image, almost all the other objects 
in the terrestrial landscape appeared quite distinct 
und without any secondary image, so that a com- 
mon observer could scarcely have noticed any 
imperfection. When the instrument, however, 
was directed to celestial objects, the secondary 





* A particular account of the Earl of Rosse’s fifty-feet 
reflector, which is now finished, is given in the Appendix. 
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image was somewhat vivid, so that every object 
appeared double. Jupiter appeared with two 
bodies, at a litile distance from each other, and 
his four satellites appeared increased to eight. 
The moon likewise appeared as a double orb, but 
the principal image was distinct and well-defined. 
Such a telescope, therefore, was not well adapted 
for celestial observations, but might answer well 
enough for viewing terrestrial oljects. 

Considering that the injurious effects of the 
secondary image arose from the images reflected 
from the two surfaces being formed near the same 
point, and at nearly the same focal distance, I 
formed a plan for destroying the secondary image, 
or at least counteracting its effects, by forming 
the concavity of the mirror next the eye of a 
portion of a sphere diferent from that of the con- 
vex side which was silverized, and from which 
the principal image is formed; but, for a long 
time, I could find no opticians possessed of tools 
of a sufficient length of radii for accomplishing 
my design. At length a London working opti- 
cian undertook to finish a glass speculum accord- 
ing to my directions, which were, that the con- 
vex surface of the mirror should be ground on 
a tool which would produce a focal distance by 
reflection of about four feet, and that the concave 
surface should have its focal distance at about 
three feet three inches, so that the secondary im- 
age might be formed at about nine inches within 
the focal distance of the silverized side, and not 
interfere to disturb the principal image; but, ei- 
ther from ignorance or inattention, the artist mis- 
took the radius for the half radius of concavity, 
and the speculum turned out to be only 23 inches 
focal distance by reflection. This mirror was 
fitted up as a telescope on the aerial plan, and I 
found, as I expected, the secondary image com- 
pletely destroyed. It produced a very beautiful 
and brilliant view of land objects, and even the 
brightest objects exhibited no double image. The 
mirror was nearly five inches in diameter, but the 
image was most accurately defined when the ap- 
erture was Contracted to about three inches. It 
was fitted with a terrestrial eyepiece which pro- 
duced a magnifying power of about 25 times.. 
When directed to the moon, it gave a very dis- 
tinct and luminous view of that orb, without the 
least appearance of a secondary image; but as 
the focal distance of the speculum was scarcely 
half the length I had prescribed, I did not apply 
to it any high astronomical powers, as I find that 
these can only be applied with effect, in this con- 
struction, to aspeculum of a considerable focal 
length. Happening to have at hand aconvex lens 
ten feet focal length and four inches in diameter, 
the one side of which had been ground to a cer- 
tain degree of concavity, I caused the convex side 
to be foliated, which produced a focus by reflection 
at 131 inches distant. To this mirror I applied 
terrestrial powers of 15 and 24 with considerable 
distinctness. The power of 15 produced a very 
brilliant and distinct view of land objects. Had 
the mirror been at lcast three times the focal 
length, it would have formed an excellent tele- 
scope. with the same aperture. 


SECTION VII. 


A REFLECTING TELESCOPE, WITH A SINGLE MIRROR 
AND NO EYEPIECE. 


On the same principle as that by which a re-- 
fracting telescope may be constiucted by means 
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of a single lens, as represented fig. 51 (page 68), 
we may form a telescope by reflection with a 


» single mirror and without an eyepiece. Let A B, 
fig. 72, represent a lagge concave speculum, and 


Fig. 72. ; 





‘C its focus: if an eye be placed at D, about eight 
or ten inches within the focal point C, all the ob- 
jects in the direction of C, or behind the specta- 
tor, will be seen magnified by reflection on the 
face of the mirror, and strongly illuminated. The 
magnifying power, in this case, will be nearly in 
the proportion of the focal length of the mirror 
to the focal length of the eye for near objects. 
If, for example, the focal distance of the mirror 
be eight feet, and the distance from the eye 
at which: we see near objects most distinetly be 
eight inches, the magnifying power will be in 
the ratio of 8 to 96, or 12 times. I have a 
glass mirror of this description, whose focal 
length is four feet eight inches, and diameter 
six inches, which magnifies distant objects about 
seven times, takes in a large field of view, 
and exhibits objects with great brilliancy. It 
presents a very distinct picture of the moon, 
showing the different streaks of light and shade 
upon her surface, and in some cases shows the 
larger spots which traverse the solar disc. ‘This 
mode of bi objects is extremely easy and 
pleasant, especially when the mirror is of a large 
diameter, and the observer is at first struck and 
gratified with the novel aspect in which the 
objects appear. 

Were a concave mirror of this description— 
whether of glass or of speculum metal—to be 
formed to a very long focus, the magnifying 
power would be considerable. One of 50 feet 
focal length, and of a corresponding diameter, 
might produce a magnifying power, to certain 
eyes, of about 75 times; and, from the quantity 
of light with which the object would be seen, its 
effect would bé much greater than the same power 
applied to a common telescope. Sir W. Herschel 
states that, on one occasion, by looking with his 
naked eye on the speculum of his 40 feet reflect- 
or, without the interposition of any lens or mirror, 
he perceived distinctly one of the satellites of 
Saturn, which requires the application of a con- 
siderable power to be seen by an ordinary tele- 
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THE PRACTICAL ASTRONOMER. 


Such strument is one of the most 
simple forms of a telescope, and would exhibit a 
brilliant and interesting view of the moon, or o 

terrestrial objects. ¢ 


PRICES OF REFLECTING TELESCOPES. 


1. Prices as stated by Messrs. W. and S. Jones, 
Holborn, London. _ 


ft «ey Bie 
A 4 feet, 7 inch aperture, Gregorian 
reflector, with the vertical motions upon 
a newly invented principle, as well as ap- 
paratus to render the tube more steady 
for observation, according to the addi- 
tional apparatus of small speculums, 
eyepieces, micrometers, &c. from £80 to 120. 0 
3 feet long, mounted on a plain brass 
stand - . * ‘ is a 5 oo 23.2 
Ditto with rack-work motions, im- 
roved mountings and metals . . 3918 
feet long, without rack-work, and 
with 4 magnifying powers, improved . 15 15 
Ditto improved, with rack-work mo- 
tions. " 7 . ‘ : 22.1 
18 inch, on a plain stand . . 5 9009 
12 inch ditto . J . 2 6 6 


2. Prices as stated by Messrs. Tulley, Islington. 


Cae: 
1 foot Gregorian reflector, on pillar 
and claw stand, metal 21¢ inches, diam- 
eter, packed in a mahogany box ; 6 6 
116 foot ditto, on pillar and claw stand, 
metal 3 inches diameter, packed in a 
mahogany box . : : “ ema tee | 
2 feet ditto, metal 4 inches diameter 16 16 
Ditto with rack-work motions Qdboed 
3 feet ditto, metal 5 inches diameter, 
rack-work motions 6 x . 42 0 
4 feet ditto, metal 7 inches diameter, 
on a tripod stand with center of gravity 
motion . , 2 3 j pent 0Sau0 
6 feet ditto, metal 9 inches diameter 210 0 
7 feet Newtonian, 6 inches aperture 105 0 
12 feet ditto, metal 12 inches diameter 525 0 


‘ 


Prices as stated by Mr. G. Dollond, St. Paul’s 
Churchyard. ‘ , 


ur 1%, 

Reflecting telescopes, 14 inches long, 
ina mahogany box ©. : : : Qard 
Ditto 18 inches . ? é ‘ vw QELS 
Ditto 2 feet = . -e WS.A8 

Ditto with 4 different powers, and rack- 

work stand supporting the telescope in 
the center of gravity .  . i - 8615 
Ditto 3 feet, with ditto . 50 0 


4. Prices of single speculums and reflecting 
telescopes, as made by Mr. Grub, Charlemont 
Bridge-works, Dublin. . 


” 
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“ON THE EYEPIECES OF TELESCOPES. 


ON THE EYEPIECES OF Buzscoms. 


Although the performance of telescopes chiefly 
depends on the goodness of the object-glass, or 
the object-speculum of the instrument, yet it is 
of considerable importance, in order to distinct 
vision, and to obtain a large and uniformly dis- 
tinct. field of view, that the eyepiece be properly 
constructed. The different kinds of eyepieces 
may be arranged into two general divisions, As- 
tronomical and Terrestrial. 

1. Astronomical Eyepieces—The most simple 
astronomical eyepiece is that which consists of a 
single convex lens; and when the focal distance 
of this lens, and that of the object-glass of the 
instrument, is accurately ascertained, the magni- 
fying power may be nicely determined by dividing 
the focal length of the object-lens by that of the 
eyeglass; but as the pencil of white light trans- 
mitted by the object-glass will be divided by the 
eyeglass into its component colors, the object will 
appear bordered with colored fringes, and the 
distinctness of vision consequently injured;” be- 
side, the spherical aberration, when a single lens 
is used, is much greater than when two or more 
glasses are employed: hence astronomical eye- 
pieces are now formed by a combination of at 
least two lenses. 

The combination of lenses now generally used 
for astronomical purposes is that which is usuallv 
denominated the Huygenian Eyepiece, having been 
first proposed by the celebrated Huygens as a 
great improvement on the single lens eyepiece. 
The following figure (73) represents a section of 
this eyepiece: Let A B be a compounded pencil 
of white light proceeding from the object-glass; 
B F a plano-convex field-glass, with its plane 
side next the eyeglass EZ. The red rays of the 
pencil A B, after refraction, would cross the axis 
in R, and the violet rays in V; but, meeting the 
eyeglass E, the red rays will be refracted to O, 
and the violet nearly in the same direction, when 
they will cross each other about the point O in 
the axis, and unite. The distance of the two 
glasses F EH, to produce this correction, when 
made of crown glass, must be equal to half the 
sum of their focal distances nearly: for example, 
suppose the focal distance of the largest, or field- 
lens, to be three inches, and the focal distance of 
the lens next the eye one inch, the two lenses 
should be placed exactly at the distance of two 
inches, the sum of their focal length being four, 
the half of which istwo. In other words, the 
glass next the eye should be placed as much with- 
tm the focus of the field-glass as is equal to its 
own focal distance. ‘The focal length of a single 
lens that has the same magnifying power as this 


compound eyepiece, is equal to twice the product] 


of the focal lengths of the two lenses divided by 
‘the sum of the same numbers; or, it is equal to 
half the focal Jength of ‘he field-glass. Thus, 
in reference to the preceding example, twice the 
product of the focal length of the two lenses is 
equal to six, and their sum is four. The former 
number divided by the latter produces a quotient 
-of I, which is the focal length of a single lens, 
which would produce the same magnifying power 
as the eyepiece; and 11 is just half the focal 
length of the field-glass. The proportion of the 
focal lengths of the two lenses to each other, 
according to Huygens, should be as three to one; 
‘that is, if the field-glass be 41g inches, the eye- 
glass should be 11g, and this is the proportion 
most generally adopted; but some opticians have 
recommended that the proportion should be as 
three to two. Boscovich recommended two simi- 
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lar lenses; and in this case the distance between 
them was equal to half the sum of their focal dis- 
tances, as in the Huygenian eyepiece. 


Fig. i 





The image is formed at I M, at the focal dis- 
tance of the lens next the eye, and at the same 
distance from the field-glass. When distinct vision 
is the principal object of an achromatic telescope, 
the two lenses are usually both plano-convex, and 
fixed with their curved faces toward the object- 
glass, as in the figure. Sometimes, however, they 
consist of what is called crossed lenses, that is, 
lenses ground on one side to a short focus, and on 
the other side to a pretty long focus, the sides 
with the deepest curves being turned toward the 
object-glass. A diaphragm, or aperture of a pro- 
per diameter, is placed at the focus of the eye-lens 
where the image formed by the object-glass falls, 
for the purpose of cutting off the extreme rays of 
the field-lens, and rendering every part of the 
field of view equally distinct. This is likewise 
the form of the eyepiece generally applied to Gre- 
gorian reflectors. In short, when accurately con- 
structed, it is applicable to telescopes of every de- 
scription. This eyepiece, having the image viewed 
by the eye behind the inner lens, is generally 
called the negative eyepiece, and is that which the 
optical instrument makers usually supply, of 
three or four different sizes, for so many magnify- 
ing powers, to be applied to different celestial ob- 
jects, according to their nature, or the state of the 
atmosphere in which they are used. 

Ramsden’s Eyepiece.~—There is another modifi- 
cation of lenses, known by the name of the Posi- 
tive, or Ramsden’s Eyepiece, which is muck used 
in transit instruments, and telescopes which are 
furnished with micrometers, and which affords 
equally good vision as the other eyepiece. In this 
construction the lenses are plano-convex, and 
nearly of the same focus, but are placed at a dis- 
tance from each other less than the focal distance 


Fig. 74. 
A 





“B 


of the glass next the eye, so that the image of the 
object viewed is beyond both the lenses when 
measuring from the eye. The flat faces of the 
two lenses are turned into contrary directions in 
this eyepiece, one facing the object-glass, and the 
other the eye of the observer; and as the image 
formed at the focus of the object-glass lies parallel 
to the flat face of the contiguous lens, every part 
of the field of view is distinct at the same adjust- 
ment, or, as opticians say, there is a flat field, 
which, without a diaphragm, prevents distortion 
of the object. This eyepiece is represented in 
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fig. 74, where A B and C D are two plano-convex 
lenses, with their convex sides inward. The 
have nearly the same focal length, and are placed 
at a distance from each other equal to about two- 
thirds of the focal length of either. The focal 
length to an equiva single lens is equal to 
three-fourths the focal length of either lens, sup- 
posing them to have equal focal distances. This 
eyepiece is generally applied when wires of spi- 
der’s lines are used in the common focus, as the 
piece containing the lenses can be taken out with- 
out disturbing the lines, and is adjustable for dis- 
tinct vision; and whatever may be the measure 
of any object given by the wire micrometer at 
the solar focus, it is not altered by a change of 
the magnifying power when a second eyepiece of 
this construction is substituted. 
Aberration of Lenses.—In connection with the 
above descriptions, the following statements re- 
*specting the spherical aberration of lenses may 
not be inappropriate. Mr. John Dollond, in a 
letter to Mr. Short, remarks, that ‘the aberration 
in a single lens is as the cube of the refracted an- 
gle; butif the refraction be caused by two lenses, 
the sum of the cubes of each half will be a quar- 
ter of the refracted angle, twice the cube of one 
being a quarter of the cube of two. So three 
times the cube of one is only one-ninth of the 
cube of three,’ &c. Hence the indistinctness of 
the borders of the field of view of a telescope is 
diminished by increasing the number of lenses in 
aneyepiece. Sir J. Herschel has shown that if 
two plano-convex lenses are put together as in 
fig. 75, the aberration will be only 0.2481, or one- 
fourth of that of a single lens in its best form. 
The focal length of the first of these lenses must 
be to that of the second as 1 to 24. If their fo- 
cal lengths are equal, the aberration will be 0.603, 
or nearly one-half. The spherical aberration, how- 
ever, may be entirely destroyed by combining a 
meniscus and double convex lens, as shown in 
fig. 76, the convex sides being turned to the eye 





when they are used as lenses, and to parallel rays 
when they are used as burning glasses. Sir J. 
Herschel has computed the following curvatures 
for such lenses : 


Focal length of the convex lens -+10.000 
Radius of its first surface . . 5.833 
Radius of its second surface — 35.000 
Focal length of the meniscus one's 17,829 
Radius of its first surface 3.688 
Radius of its second surface + 6.294 
Focal length of the compound lens ++ 6.407 


On the general principles above stated, a good 
astronomical eyepiece may be easily constructed 
with two proper lenses, either according to the 
plan of Huygens or that of Ramsden: and, from 
what has been now stated, it is demonstrably cer- 
tain, that, in all cases where two glasses are prop- 
erly combined, such an eyepiece is superior to a 
single lens both in point of distinctness and of the 
enlargement of the field of view. I lately fitted 
up an eyepiece, on Ramsden’s principle, with two 
lenses, cach about three inches focal length, and 
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13Zths of ah inch’ in diameter, placed at half an 
inch distant, with their convex surface facing each’ 
other, as in fig. 74, which forms an excellent eye- 
piece for an achromatic telescope six feet eight 
inches focal distance and four inches aperture, par- 
ticularly for viewing clusters of stars, the Milky 
Way, and the large nebula. The field of view is 
large, the magnifying power is only between 50 
and 60 times, and the quantity of light being so 
great, every celestial object appears with great 
brillianey, and itis, in general, much more prefer- 
able, when applied to the stars, than any of the 
higher powers. When applied to Presepe in Can- 
cer, it exhibits that group at one view, as consist- 
ing of nearly 100 stars, which exhibit a beautiful 
and most striking appearance. 

It may appear a curious circumstance that any 
eyepiece which is good with a short telescope is 
also good with a long one, but that the reverse is 
not true; for it is found to be more difficult to 
make a good eyepiece for a short than for a long 
focal distance of the object-glass. 

Celestial eyepieces are sometimes constructed 
so as to produce variable powers. ‘This is effected 

iving a motion to the lens next the eye, so as 
to remove it nearer to or farther from the field- 
Jens; for at every different distance at which it is 
placed from the other lens, the magnifying power 
will either be increased or diminished. The great- 
est power is when the two lenses are nearly in 
contact, and the power diminishes in proportion 
to the distance at which the glass next the eye is 
removed from the other. The scale of distance, 
however, between the two lenses cannot be greater 
than the focal distance of the field, or inner glass; 
for if it were, the lenses would no longer form an 
eyepiece, but would be changed into an inverting 
opera-glass. For effecting the purpose now stated, 
the eyeglass is fixed in a tube, which slides upon 
an interior tube, on which is marked a seale of 
distances corresponding to certain magnifying 
powers; and in this way an eyepiece may be made 
to magnify about double the number of times 
when the lenses are in one position than when 
they are in another; as, for example, all‘the pow- 
ers from 36 to 72 times may be thus applied, 
merely by regulating the distance between the 
two lenses. When the glasses are varied in this 
manner, the eyepiece becomes sometimes a positive 
eyepiece, like Ramsden’s, and sometimes a nega- 
tive one, like that of Huygens. 

Diagonal Eyepieces—The eyepieces to which 
we have now adverted, when adapted to refracting 
telescopes, both reverse and invert the object, and 
therefore are not calculated for showing tetres- 
trial objects in their natural position; but as the 
heavenly bodies are of a spherical form, this cir- 
cumstance detracts nothing from their utility. 
When the celestial object, however, is at a high 
altitude, the observer is obliged to place his head 
in a very inconvenient position, and to direet his 
eye nearly upward; in which position he cannot 
remain long at ease, or observe with a steady eye. 
To remedy this inconvenience, the diagonal eye- 
piece has been inverted, which admits of the eye 
being applied at the side, or at the upper part of 
the eyepiece, instead of the end; and when such 
an eyepiece is used, it is of no importance in 
what direction the telescope is elevated, as the ob- 
server can then either sit or stand erect, and look 
down upon the object with the utmost ease. This 
object is effected by placing a flat piece of polished 
speculum-metal at an angle of 45 degrees in re- 
spect to the two lenses of the eyepiece, which 
alters the direction of the converging rays, and 
forms an image which becomes erect with respect 
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to altitude, but is reversed with,respect to azimuth; 
that is, in other words, when we look down upon 
the objects in the field of view, they appear erect; 
but that part of an object which is in reality on 
our right hand, appears on our left; and if it be 
in motion, its apparent, is opposite to its real mo- 
tion; if it be moving toward the west, it will seem 
to move toward the east. 

There are three situations in which the diago- 
nal reflector in this eyepiece may be placed. It 
may be placed either, 1, before the eyepiece, or 2, 
behind it, or, 3, between the two lenses of which 
the eyepiece consists. The most common posi- 
tion of the reflector is between the lenses; and 
this may be done both in the negative and the posi- 
tive eyepieces; but as the distance between the 
two lenses is necessarily considerable, to make 
room for the diagonal position of the reflector, 
the magnifying power cannot be great; otherwise 
a diagonal eyepiece of this construction remains 
always in adjustment, and is useful in all cases 
where a high power is not required. The pre- 
ceding is a description and representation of 
a diagonal eyepiece of this kind in my posses- 
sion. ; e 

In fig. 77, A B re- 
presents the plano- 
convex lens next the 
object, which is about 
2 inches in focal 
length, and 34 of an , 
inch in diameter; C 
D, a plain metallic & 
speculum of an oval 
form, well polished, 
and placed at half a 
right-angle to the axis 
of the tube; and EH F, B 
another plano-convex lens, about 11% inch focal 
distance. The center of the speculum is about 
144th of an inch from the lens A B, and about 
half or one-third of an inch from & F'; so that 
this eyepiece is a positive one, on the principle 
proposed by Ramsden. The rays proceeding 
from the lens A B, and falling upon the speculum, 
are reflected in a perpendicular direction to the 
lens E F’, where they enter the eye at G, which 
looks down upon the object through the side of 
the tube. The real size of this eyepiece is much 
about the same as that represented in the figure. 
When applied to an achromatic telescope of 444% 
inches focal distance, it produces a magnifying 
power of 36 times, and exhibits a very beautiful 
view of the whole of the full moon. It likewise 
presents a very pleasing prospect of terrestrial 
objects, which appear as if situated immediately 
below us. 

Another plan of 
the diagonal eye-~ 
piece is represented 
in Fig. 78, where 
the speculum is fix- 
ed within the sliding 
tube whith receives 
the eyepiece, or im- 
mediately below it. 
The part of the tube 
A B slides into the 
tube of the tele- 
scope, C D is the 
speculum placed at 
half a right-angle to 
the axis of the tube, and # F' the tube containing 
the lenses, which stands at right-angles to the 
position of the telescope, and slides into an exte- 
rior tube, and the eye is applied at G. This con- 
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struction of the diagonal eyepiece may be used 
with any eyepiece whatever, whether the Huy- 
genian or that of Ramsden. It will admit of any 
magnifying power, and if several different eye- 
pieces be fitted to the sliding tube, they may be 
changed at pleasure. This)form of the diagonal 
eyepiece I therefore consider as the best and the 
most convenient construction, although it is not 
commonly adopted by opticians. 

When any of these eyepieces are applied to a 
telescope, with the lens Z on the upper part of 
it, we look down upon the object, if it be a ter- 
restrial one, as if it were under our feet. If we 
turn the eyepiece round in its socket a quarter 
of a circle toward the left, an object directly be- 
fore us in the south will appear as if it were in 
the west, and turned upside down. If, from this 
position, it is turned round a semicircle toward 
the right, and the eye applied, the same object 
will appear as if it were situated in the east, and 
inverted; and if it be turned round another quad- 
rant, until it be directly opposite to its first posi- 
tion, and the eye applied from below, the object 
or landscape will appear as if suspended in the 
atmosphere above us. This eyepiece, therefore, 
is capable of exhibiting objects in a great variety 
of aspects, and the use of it is both pleasant and 
easy for the observer. But there is a considerable 
loss of light, occasioned by the reflection from 
the speculum, which is sensibly felt when very 
high powers are applied; and therefore, when 
very small stars are to be observed, such as some 
of those connected with double or triple stars, the 
observer should not study his own ease so much 
as the quantity of light he can retain with a high 
power, which object is best attained with an ordi- 
nary eyepiece and a telescope of large aperture. 

We have said that a diagonal eyepiece may be 
constructed with a reflector before the eyepiece. 
In this case, the speculum is sometimes made to 
slide before the eye at the requisite angle of re- 
clination, in which application each eyepiece 
must necessarily have a groove to receive it, and 
the eye must be applied without a hole to direct 
it, but it may be put on and taken off without 
disturbing the adjustment for distinct vision, and 
is very simple in its application. But, on the 
whole, the form represented in fig. 78 is the most 
convenient, and should generally be preferred, as 
any common astronomical eyepiece can be ap- 
plied to it. I have used a diagonal eyepiece of this 
kind with good effect, when a power of 180 has 
been applied to the sun and other celestial objects. 

Instead of a metallic speculum, a rectangular 
prism of glass is sometimes substituted; for the 
rays of light are then bent by reflection from the 
second polished surface, which ought to be dry, 
and undergo two refractions, which achromatize 
them; and the same effect is thus produced as by 
polished metal. Ramsden sometimes gave one 
of thé polished faces of a right-angle prism a 
curve, which prism served instead of a lens in an 
eyepiece, and also performed the office of a re- 
flector. A semi-globe, or what has been called a 
bull’s eye, has also-been used as a diagonal eye- 
piece, and when the curve is well formed, and 
the glass good, it is achromatic, and is said to 
perform pretty well, but it is not superior to the 
forms already described. 


SECTION II. 
TERRESTRIAL EYEPIECES. 


Wuen describing the common refracting tele- 
scope (p. 67), I have noticed that three eyegiasses, 
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placed at double their focal distances from each 
other, formerly constituted the terrestrial eye- 
piece, as represented in fig. 47. But this con- 
struction, especially for achromatic instruments, 
has now become te, and is never used ex- 
cept in small ‘spyglasses formed with a 
single object-le its place a four glassed 
eyepiece has been substituted, which is now uni- 
versally used in all good telescopes, and which, 
beside improving the vision and producing an 
erect position of the images of objects, presents 
a considerably larger field of view. During the 
progressive stages of improvement made in the 
construction of erect eyepieces by Dollond and 
Ramsden, three, four, and five lenses were suc- 
cessively introduced; and hence, in some of the 
old telescopes constructed by these artists, we 
frequently find five lenses of different descriptions 
composing the eyepiece. But four lenses, ar- 
ranged in the manner I am now about to describe, 
have ultimately obtained the preference. In a 
telescope having a celestial eyepiece of the Huy- 
genian form, the image that is formed in the focus 
of the object-glass is that which is seen magni- 
fied, and in an inverted position; but when a four 
glassed eyepiece is used, which produces an ercet 
view of the object, the image is repeated, and the 
second image, which is formed by the inner pair 
of lenses, A B, on an enlarged scale, is that which 
the pair of lenses, C D, at the eye-end render 
visible on a scale still more enlarged. The mod- 
ern terrestrial eyepiece, represented in fig. 79, is, 


Fig 79. 























in fact, nothing else than a compound microscope, 
consisting of an object-lens, an amplifying-lens, 
and an eyepiece composed of a pair of lenses on 
the principle of the Huygenian eyepiece. Its 
properties will be best understood by considering 
the first image of an object, which is formed in 
the focus of the object-glass, as a small luminous 
object to be rendered visible, in-a magnified state, 
by a compound microscope. The object to be 
magnified may be considered as placed near the 
point A, and the magnified image at i, which is 
viewed by the lens D. Hence, if we look through 
such an eyepiece at a small object placed very 
near the lens A, we shall find that it acts asa 
compound microscope of a moderate magnifying 
power, increasing, in some cases, the diameter of 
the object about 10 times, and 100 times in sur- 
face. 

In order to distinguish the different lenses in 
this eyepiece, we may call the lens A, which is 
next to the first image, the object-lens; the next 
to it, B, the amplifying-lens; the third, or C, the 
field-lens; and the one next the eye, D, the eye- 
lens. The first image, formed a little before A, 
may be denominated the radiant, or the object from 
which the rays proceed. Now it is well known 
as a principle in optics, that if the radiant be 
brought nearer to the lens than its principal focus, 
the emerging rays will diverge, and, on the con- 
trary, if the radiant be put farther from the lens 
than its principal focal distance, the emerging 
rays will converge to a point at a distance beyond 
the lens, which will depend on the distance of 
the radiant from the face of the lens. In this 
place an image of the radiant will be formed by 
the concurrence of the converging rays, but ina 
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contrary position; and the length of the ima 
will exceed the length of the radiant in the sa 
proportion, as the distance of the image from, the 


radiant exceeds that of the radiant from the lens. 
This secondary image of the radiant at 2, is not 
well-defined when only one lens, as A, is used, 
owing to the great spherical aberrations, and 
therefore the amplifying lens is placed at the dis- 
tance of the shorter conjugate focus, with an 
intervening diaphragm of a small diameter at the 
place of the principal focus ; the uses of which 
lens and diaphragm are, first, to cutoff the colored 
rays that are occasioned by the dispersive pro- 
perty of the object-lens, and, secondly, to bring 
the rays to a shorter conjugate focus for the 
place of the image than would have taken place 
with a single lens having only one refraction. 
As the*secondary image is in this way much 
better defined and free from coloration, the addi- 
tion of this second lens is a great improvement 
to vision. For this reason, I am clearly of opin- 
ion that the object-glass of a compound micro- 
scope, instead of consisting of a small single lens, 
should be formed of two lenses, on the principle 
nd stated, which would unquestionably add to 
distinctness of vision. 

With respect to the proportions of the focal lengths 
of the lenses in this four glass eyepiece, Mr. Cod- 
dington states, that if the focal lengths, reckoning 
from A to D, fig.79, be as the numbers 3, 4, 4, 
and 3, and the distances between them on the 
same scale, 4,6, and 5, 2, the radii, reckoning 
from the outer surface of A, should be thus: 


First surface ath 
eae surface ¥ nearly plano-convex. 
First surface 
Second surface 
C \Seco surface 
Second surface 
D seco surface 


9 , 
4¢ 2 meniscus. 


ait nearly plano-convex. 


1) doubl 
Second surface 94¢ GoUDIe Convex. 

Sir D. Brewster states that a good achromatic 
eyepiece may be made of four lenses, if their fo- 
cal lengths, reckoning from that next the object, 
be as the numbers 14, 21, 27, 32; their distances, 
23, 44, 40; their apertures, 5.6, 3.4, 2.6; and the 
aperture of the diaphragm placed in the interior 
focus of the fourth eyeglass, 7. Another propor- 
tion may be stated: Suppose the lens next the 
object, A, to be 1%ths of an inch focal length, 
then B may be 246 inches; C, 2 inches; and D, 
144; and their distances, A B, 214; BC, 35¢ths; 
and G D, 23¢ths. In one of Ramsden’s small 
telescopes, whose object-glass was 814 inches in 
focal length, and its magnifying power 15.4, the 
focal lengths of the eyeglasses were, A, 0.775 of 
an inch; B, 1.025; C, 1.01; D, 0.79; the dis- 
tances, A B, 1.18; BC, 1.83; and CD, 1,105. 
In the excellent achromatic telescope of Dollond’s 
construction which belonged to the Duc de Chaul- 
nes, the focal lengths of the eyeglasses, beginning 
with that next the object, were 1414 lines, 
19, 2237, 14; their distances, 22.48 lines, 46.17, 
21.45; und their thickness at the center, 1.23 
lines, 1.25, 1.47. The fourth lens was plano-con- 
vex, with the plane side to the eye, and the rest 
were double convex lenses. This telescope was 
in focal length three feet five and a half inches. 

The magnifying power of this eyepiece, as 
usually made, differs only in a small degree from 
what would be produced by using the first or the 
fourth glass alone, in which case the magnifying 
power would be somewhat greater, but the vision 
less distinct; and were the lens next the eye used 
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2 without the field-glass, the field of view would 
e@ much contracted. Stops should be placed be- 
tween the lenses A and B, near to B, and a larger 
one between C and D, to prevent ‘any false light 
from passing through the lenses to the eye. The 
more stops that are introduced into a telescope— 
which should all be blackened—provided they do 
not hinder the pencils of light proceeding from 


the object, the better will the instrument per- |: 


form. 

For the information of amateur constructors 
of telescopes, I shall here state the dimensions of 
two or three four glassed eyepieces in my posses- 
sion, which perform with great distinctness, and 
present a pretty large field of view. In one of 
these, adapted to a44!¢ inch achromatic, the lens, 
A, next the object, is 1%ths of an inch focal 
length and about one inch in diameter, with the 
plane side next the object. The focal length of 
the lens B, 2 1-10th inches, diameter 7-10ths of 
an inch, with its plane side next A; distance of 
these lenses from each other, 2 4-10ths inches; 
distance of the field-lens C from the lens B, 5\4 
inches. The small hole or diaphragm between A 
and 8B is at the focus of A, and is about one-sixth 
of an inch in diameter, and about three-eighths 
of an inch frem the lens B. The field-lens C is 
two inches focal length, and 114th of an inch in 
diameter, with its plane side next the eye. The 
lens next the eye D, is one inch focal distance, 
half an inch in diameter, and is distant from the 
field-glass 134ths of an inch, with its plane side 
next the eye. The magnifying power of this eye- 
piece is equivalent to that of a single lens whose 
focal length is half an inch, and with the 444g 
inch object-glass produces a power of about 90 
times. The lens next the eye can be changed for 
another of 13¢ths of an inch focal length, which 
produces a power of 65, and the two glasses C D 
can be changed for another set of a longer focal 
distance, which produces a power of 45 times. 
The whole length of this eyepiece is 11% inches. 

In another eyepiece, adapted to a pocket achro- 
matic, whose object-glass is nine inches focal 
length, the lens A is one inch focal length and 
half an inch in diameter; the lens B, 114th of an 
inch, and half an inch in diameter; their distance, 
114 inches; the lens C, 1.1-10th of an inch focal 
length and five-eighths of an inch in diameter; 
the eyelens D, five-eighths of an inch focal length 
and three-eighths of an inch in diameter; distance 
between Cand D, 11¢th of an inch; the distance 
between B and C,134ths of an inch. The whole 
length of this eyepiece is 4!4 inches, and its 
power is nearly equal to that of a single lens of 
half or six-tenths of an inch focal length, the 
magnifying power of the telescope being about 
16 times. Another eyepiece of much larger di- 
mensions has the lens A of 214 inches focal length 
and three-fourths of an inch in diameter; the lens 
B,234ths inches focus and five-eighths of an inch 
in diameter, and their distance 2%4ths inches; 
the lens O, 25ths inches focus and 11¢th of an 
inch in diameter: the lens D, 134ths of an inch 
focus and three-fourths of an inch in diameter; 
distance from each other, 234ths inches. The 
distance between the lenses B and C is four 
inches. The magnifying power is equal to that 
of asingle lens 11gth of an inch focal distance. 
When applied to an achromatic object-glass six 
feet seven inches focal length, it produces a 
power of about 70 times. This eyepiece has a 
movable tube nine inches in length, in which the 
two lenses next the eye are contained, by pulling 
out which, and consequently increasing the dis- 
tance between the lenses B and C, the magnifying 
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power may be increased to 100, 120, or 140, ac- 
cording to the distance to which this movable 
tube is drawn out. It has also a second and 
third set of lenses, corresponding to C and D, of 
a shorter focal distance,-which produce higher 
magnifying powers on iple. to be after- 
ward explained. ee : 


DESCRIPTION OF AN EYEPIECE, ETC., OF AN OLD 
DuTcH ACHROMATIC TELESCOPE. 


About twenty or thirty years ago, I purchased, 
in an optician’s shop in Edinburgh, a small achro- 
matic telescope, made in Amsterdam, which was 
supposed by the optician to have been constructed 
prior to the invention of achromatic telescopes by 
Mr. Dollond. It is mounted wholly of brass, and 
in all its parts isa piece of beautiful and exquisite 
workmanship, and the utmost care seems to have 
been taken to have all the glasses and diaphragms 
accurately adjusted. The object-glass is a double 
achromatic, 64g inches focal distance and one 
inch in diameter, but the clear aperture is only 
seven-eighths of an inch in diameter. It is per- 
fectly achromatic, and would bear a power of 50 
times if it had a sufficient quantity of light. The 
following inscription is engraved on the tube 
adjacent to the object-glass: “ Jan van Deyl en 
Zoon, Invenit et Fecit, Amsterdam, Ao. 1769.”? 
Although Dollond exhibited the principle of an 
achromatic eight or ten years before the date here 
specified, yet it is not improbable that the artist 
whose name is here stated may not have heard of 
Dollond’s invention, and that he was really, as he 
assumes, one of the inventors of the achromatic 
telescope; for the invention of this telescope by 
Dollond was not very generally known, except 
among philosophers, and the London opticians, 
until a number of years after the date above 
stated. Euler, in his * Letters to a German Prin- 
cess,’ in which telescopes are particularly de- 
scribed, makes no mention of, nor the least allu- 
sion to, the invention of Dollond, though this was 
a subject which particularly engaged his atten- 
tion. Now these letters were written in 1762, 
but were not published until 1770. When alluding 
to the defects in telescopes arising from the differ- 
ent refrangibility of the rays of light, in Letter 
43, and that they might possibly be rectified by 
means of different transparent substances, he 
says, “But neither theory nor practice have 
hitherto been carried to the degree of perfection 
necessary to the execution of a structure which 
should remedy these defects.” Mr. B. Martin, in 
his “Gentleman and Lady’s Philosophy,’’ pub- 
lished in 1781, alludes to the achromatic tele- 
scope, but speaks of it as if it were but very little, 
if at all, superior to the common refracting tele- 
scope: and therefore I think it highly probable 
that Jan van Deyl was really an inventor of an 
achromatic telescope before he had any notice of 
what Dollond and others had done in this way 
some short time before. 

But my principal object in adverting to this 
telescope is to describe the structure of the eye- 
piece, which is a very fine one, and which is 
somewhat different from the achromatic eyepiece 
above described. It consists of four glasses, two 
combined next the eye, and two next the object. 
Each of these combinations forms an astronomi- 
cal eyepiece nearly similar to the Huygenian. 
The lens A, next the object, fig. 80, is five- 
eighths of an inch focal distance, and 4-10ths of 
an inch in diameter; the lens B, three-eighths 
of an inch focus, and one-fifth of an inch in di- 
ameter, and the distance between them somewhat 
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less than five-eighths of an inch; the diameter of 
the aperture e about 1-15th of an inch. This 
combination forms an excellent astronomical 
eyepiece, with a large flat field, and its magnify- 
» ing power is equivalent to that of a single lens 
five-eighths or six-eighths of an inch focal length. 
The lens C is half inch focal length, and 
4-10ths of an inch in diameter; the lens D, a quar- 
ter of an inch focus, and about one-fifth of an 


Fig. 80. 









































inch in diameter; their distance about half an 
inch or a small fraction more. The hole at d is 
about 1-20th or 1-25th of an inch in diame- 
ter, and the distance between the lenses B and C 
about 144 inches. T'he whole length of the eye- 
piece is 314 inches—exactly the same size as re- 
presented in the engraving. Its magnifying power 
is equal to that of a single lens one-fourth of an 
inch focal length; and consequently the telescope, 
though only 914 inches long, magnifies twenty-six 
times with great distinctness, though there is a 
little deficiency of light when viewing land ob- 
jects which are not well illuminated. 

The glasses of this telescope are all plano-con- 
vex, with their convex sides toward the object, 
except the lens D, which is double convex, but 
flattest on the side next the eye, and they are all 
very accurately finished. The two lenses C and 
D form an astronomical eyepiece nearly similar 
to that formed by the lenses A and B. The focus 
of the telescope isadjusted by a screw, the threads 
of which are formed upon the outside of a tube 
into which the eyepiece slides. The eyepiece and 
apparatus connected withit is screwed into the 
inside of the main tube when not in use, when 
the instrument forms a compact brass cylinder six 
inches long, which is inclosed ina fish skin case, 
lined with silk velvet, which opens with hinges. 

The lenses in the eyepieces formerly described, 
though stated to be plano-convexes, are, for the 
most part, crossed glasses, that is, ground on tools 
of a long focus on the one side, and to a short fo- 
cus on the other. The construction of the eye- 
piece of the Dutch telescope above described is one 
which might be adopted with a good effect in most 
of our achromatic telescopes; and I am persuad- 
ed, from the application I have made of it to 
various telescopes, that it is even superior in dis- 
tinctness and accuracy, and in the flatness of 
field which it produces to the eyepiece in com- 
mon use. The two astronomical eyepieces of 
which it consists, when applied to large achroma- 
tic telescopes, perform with great accuracy, and 
are excellently adapted for celestial observations. 


SECTION III. 
DrscripTioN OF THE PANCRATIC EYETUBR. 


From what we have stated when describing the 
common terrestrial eyepiece now applied to ach- 
romatic instruments (p. 98, fig. 79), it appears 
obvious that any variety of magnifying powers, 
within certain limits, may be obtained by remoy- 
ing the set of lenses C D, fig. 79, nearer to or 
farther from the tube which contains the lenses 
A and B, on the same principle as the magnifying 
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power of acompound microscope is i 
removing the eyeglasses to a greater distance from 
the object lens. If, then, the pair of eyelenses,C 
D be attached to an inner tube that will draw out 
and increase their distance from the inner pair of 
lenses, as the tube a 6 cd, the magnifying power 
may be indefinitely increased or diminished by 
pushing in or drawing out the sliding tube, and_a 
scale might be placed on this tube, which, if 
divided into equal intervals, will be a scale of 
magnifying powers, by which the power of the 
telescope will be seen at every division, when the 
lowest power is once determined. 

Sir David Brewster, in his “Treatise on New 
Philosophical Instruments,’ Book I, chap. vii, 
page 59, published in 1813, has adverted to this cir- 
cumstance in his description of an “ Hyepiece 
Wire Micrometer,” and complains of Mr. izekiel 
Walker having in the “ Philosophical Magazine ” 
for August, 1811, described such an instrument as 
an invention of his own. Dr. Kitchener, some 
years afterward, described what he called a Pancra- 
tic or omnipotent eyepiece, and got.one made by 
Dollond, with a few modifications different from 
that suggested by Brewster and Walker, which 
were little else than cutting the single tube into 
several parts,and giving it the appearance of a 
new invention. In fact, none of these gentlemen 
had a right to claim it as his peculiar inven- 
tion, as the principle was known and recog- 
nized long before. I had increased the magnify- 
ing powers of telescopes on the same principle 
several years before any of these gentlemen com- 
municated their views on the subject, although 
I never formally constructed a scale of powers. 
Mr. B. Martin, who died in 1782, proposed many 
years before, such a movable interior tube as that 
alluded to for varying the magnifying power. 

In order to give the reader a more specific idea 
of this contrivance, I shall present him with a 
figure and description of one of Dr. Kitchener’s 
pancratic eyepieces, copied from one lately in my 
possession. ‘The following are the exact dimen- 
sions of this instrument, with the focal distances, 
&c., of the glasses, &c., of which it is composed. 


In. Tenths, 

Length of the-whole eyepiece, con- 
sisting of four tubes, when fully drawn 
out, or the distance from A to B, fig. 81 

Length of the three tubes on which 
the scale is, engraved, from the com- 
mencement of the divisions at B to their 
termination at C . ; ‘ “ : 

Each division into tens is equal to 
3-10ths of an inch. 

When the three inner tubes are shut 
up to C, the length of the eyepiece is 
exactly . : é : < : . 

When these tubes are thus shut up, the 
magnifying power for a 31¢ feet achro- 
matic is 100 times, which is the smallest 
power. When the inner tube is drawn 
out one-third of aninch, or to the first 
division, the power is 110, &e. 

Focal distance of the lens next the object 1 
Breadth of ditto : ; : 
The plane side of this glass is next the 

object. 5 
Focal distance of the second glass from 

the object ; . : ; F 
This glass is double and equally con- 

vex. 

Breadth A 5 3 

Distance between these two glasses 

Focal distance of the third or field 


14 4 


5 


=O 
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; .§ . In. Tenths. 
lens, which is plane on the side next the 
eye “ 6 F - ‘ ee bi ped 
Breadth of ditto. 3 f een ce | Vte5) 
Foeal distance of the lens next theeye 0 6 
Breadth of ditto . ; : : + ORS 
This glass is plane on the side next the 
eye. 
Distance between the third and fourth 
glasses ¢ : Malia ae 


From the figure and description, the reader 
will be at no loss to perceive how the magnifying 
power is ascertained by this eyepiece. If the 
lowest power for a 44 inch telescope be found 
to be 100 when the three sliding tubes are 
shut into the larger one, then by drawing out the 
tube next the eye four divisions, a power of 140 
is produced; by drawing out the tube next 
the eye its whole length, and the second tube to the 
division marked 220,a power of 220 times is 
produced; and drawing out all the tubes to their 
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utmost extent, as represented in the figure, a 
power of 400 is obtained. These powers are by 
far too high for such a telescope, as the powers 
between 300 and 400 can seldom or never be used. 
Were the scale to begin at 50 and terminate at 200, 
it would be much better toa 3lé feet tele- 
scope. Hach alteration of the magnifying power 
requires a new adjustment of the eyepiece for 
distinct vision. As the magnifying power is in- 
creased, the distance between the eyeglass and the 
object-glass must be diminished. Dr. Kitchener 
says that “the pancratic eyetube gives a better 
defined image of a fixed star,and shows double 
stars decidedly more distinct and perfectly separat- 
ed, than any other eyetube, and that such tubes 
will probably enable us to determine the distances of 
these objects from each other in amore perfect man- 
ner than has been possible heretofore.’ These tubes 
are made by Dollond, London, and are sold for two 
guineas each; but I do not think they excel in 
distinctness those which are occasionally made by 





Mr. Tulley and other opticians. 


_ Fig. 81. 
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MISCELLANEOUS REMARKS IN RELATION TO TELESCOPES. 


Tux following remarks, chiefly in regard to the 
manner of using telescopes, may perhaps he use- 
ful to young observers, who are not much accus- 
tomed to the mode of managing these instruments. 

1. Adjustments requisite to be attended to in the 
use of Telescopes.—When near objects are viewed 
with a considerable magnifying. power, the eye- 
tube requires to be remoyed farther from the ob- 
ject-glass than when very distant objects are con- 
templated. When the telescope is adjusted for 
an object 6, 8, or 10 miles distant, a very conside- 
rable alteration in the adjustment is requisite in 
order to see distinctly an object at the distance of 
two or three hundred yards, especially if the in- 
strument is furnished with a high magnifying 
power. In this last case, the eyetube requires to 
be drawn out toa considerable distance beyond 
the focus for parallel rays. I have found that, in 
atelescope which magnifies 70 times, when ad- 
justed for an object at the distance of two miles, 
the adjustment requires to be altered fully one 
inch in order to perceive distinctly an object at 
the distance of two or three hundred yards; that 
is, the tube must be drawn, in this case, an inch 
farther from the object-glass, and pushed in the 
same extent, when we wish to view an object at 
the distance of two or three miles. These adjust- 
ments are made, in pocket perspectives, by gently 
sliding the eyetube ir or out, by giving it a gentle 
circular or spiral motion, until the object appears 
distinct. In using telescopes which are held in 
the hand, the best plan is to draw all the tubes out 
to their fall length, and then, looking at the ob- 
ject, with the left band supporting the main tube 
near the object-glass, and the right supporting the 
eyetube, gently and gradually push in the eye- 
picce until distinct vision be obtained. In Grego- 


rian reflecting telescopes this adjustment is made 
by means of a screw connected with the small 
speculum; and in large achromatics, by means of 
a rack and pinion connected with the eyetube. 
When the magnifying power of a telescope is 
comparatively small, the eyetube requires to be 
altered only a very little. 

There is another adjustment requisite to be at- 
tended to in order to adapt the telescope to the eyes 
of different persons. Those whose eyes are too 
convex, or who are short-sighted, require the eye- 
tube to be pushed in, and those whose eyes are 
somewhat flattened, as old people, require the ‘ 
tube to be drawn out. Indeed, there are scarcely 
two persons whose eyes do not require different 
adjustments in a slight degree. In some cases I 
have found that the difference of adjustment for 
two individuals, in order to produce distinct vision 
in each, amounted to nearly half an inch. Hence 
the difficulty of exhibiting the sun, moon, and 
planets through telescopes, and even terrestrial 
objects, to a company of persons who are unac- 
quainted with the mode of using or adjusting such 
instruments, not one-half of whom generally see 
the object distinctly; for upon the proper adjust- 
ment of a telescope to the eye, the accuracy of 
vision in all cases depends, and no one except the 
individual actually looking through the instru- 
ment can be certain that it is accurately adjusted 
to-his eye; and even the individual himself, from 
not being accustomed to the view of certain ob- 
jects, may be uncertain whether or not the adjust- 
ment be correct. I have found by experience 
that when the magnifying powers are high, as 
150 or 200, the difference of adjustment required 
for different eyes is very slight; but when low 
| powers are used, as 20, 30, or 40, the difference 
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of the requisite adjustments is sometimes very 
considerable, amounting to a quarter or half an 
inch. 2 

2. State of the atmosphere most proper for observ- 
ing Terrestrial and Celestial Objects —The atmo- 
sphere which is thrown around the globe, while it 
is essentially requisite to the physical constitution 
of our world, and the comfort of its inhabitants, 
is found in many instances a serious obstruction 
to the accurate performance of telescopes. Some- 
times it is obscured by mists and exhalations; 
sometimes it is thrown into violent undulations 
by the heat of the sun and the process of evapora- 
tion; and even, in certain cases, where there ap- 
pears a pure unclouded azure, there is an agitation 
among its particles, and the substances incorpora- 
ted with them, which prevents the telescope from 
producing distinct vision either of terrestrial or 
celestial objects. For viewing distant terrestrial 
objects, especially with high powers, the best time 
is early in the morning, a little after sunrise, and 
from that period until about nine o’clock, a.M., in 
summer, and in the evening about two or three 
hours before sunset. From about ten o’clock, 
A.M., until four or five in the afternoon, in sum- 
mer, if the sky be clear and the sun shining, there 
is generally a considerable undulation in the-at- 
mosphere, occasioned’ by the solar rays and the 
rapid evaporation, which prevents high powers 
from being used with distinctness on any tele- 
scope, however excellent. The objects, at such 
times, when powers of 50, 70, or 100 are applied, 
appear to undulate like the waves of the sea, and, 
notwithstanding every effort to adjust the tele- 
scope, they appear confused and indistinct. Even 
with very moderate magnifying powers this im- 
perfection is perceptible. In such cireumstances, 
I have sometimes used a power of 200 times on 
distant land objects with good effect a little before 
sunset, when, in the forenoon of the same day, I 
could not have applied a power of 50 with any de- 
gree of distinctness. On days when the air is 
clear and the atmosphere covered with clouds, ter- 
restrial objects may be viewed with considerably 
high powers. When there has been a long con- 
tinued drought, the atmosphere is then in a very 
unfit state for enjoying distinct vision with high 
magnifying powers, on account of the quantity 
of vapors with which the atmosphere is then sur- 
charged, and the undulations they produce. But, 
after copious showers of rain, especially if ac- 
companied with high winds, the air is purified, 
and distant objects appear with greater brilliancy 
and distinctness than at any other seasons. In 
using telescopes, the objects at which we look 
should, if possible, be nearly in a direction oppo- 
site to that of the sun. When they are viewed 
nearly in the direction of the sun, their shadows 
are turned toward us, and they consequently ap- 
pear dim and obscure. By not attending to this 
circumstance, some persons, in trying telescopes, 
have pronounced a good instrument to be imper- 
fect, which, bad it been tried on objects properly 
illuminated, would have been found to be excel- 
lent. In our variable northerly climate the atmo- 
sphere is not so clear and serene for telescopic 
observation as in Italy, the south of France, and 
in many of the countries which lie within the 
tropics. The undulations of the air, owing .to 
the causes alluded to above, constitute one of the 
principal reasons why a_ telescope magnifying 
above a hundred times can seldom be used with 
any good effect in viewing terrestrial objects, 
though I have sometimes used a power of nearly 
200 with considerable distinctness in the stillness 
of a summer or autumnal evening, when the rays 
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of the declining sun strongly illuminated distant 
objects. F. 

The atmosphere is likewise frequently a great 
obstruction to the distinct perception of celestial 
objects. Itis scarcely possible for one who has 
not been accustomed to astronomical observations 
to form a conception of the very great difference 
there is in the appearance of some of the heavenly 
bodies in different states of the atmosphere. There 
are certain conditions of the atmosphere essen- 
tially requisite for making accurate observations 
with powerful telescopes, and it is but seldom, 
especially in our climate, that all the favorable 
circumstances concur. ‘The nights must be very 
clear and serene—the moon absent—no twilight— 
no haziness—no violent wind—no sudden change 
of temperature, as from thaw to frost—and no 
surcharge of the atmosphere with aqueous vapor. 
I have frequently found that, on the first and 
second nights after a thaw, when a strong frost 
had set in, and when the heavens appeared very 
brilliant, and the stars vivid and sparkling, the 
planets, when viewed with high powers, appeared 
remarkably undefined and indistinct; their mar- 
gins appeared waving and jagged; and the belts 
of Jupiter, which at other times were remarkably 
distinct, were so obscured and ill-defined that they 
could with difficulty be traced. This was proba- 
bly owing to the quantity of aqueous vapor, and 
perhaps icy particles, then floating in the air, and 
to the undulations thereby produced. When a 
hard frost has continued a considerable time, this 
impediment to distinct observation is in a great 
measure removed. But I have never enjoyed 
more accurate and distinct views of the heavenly 
bodies than in fresh, serene evenings, when there 
was no frost and no wind, and only a few fleecy 
clouds occasionally hovering around. On such 
evenings, and on such alone, the highest powers 
may be applied. I have used magnifying powers 
on such orcasions with good effect which could 
not have been applied, so as to insure distinct 
vision, more frequently than two or three days in 
the course of a year. 

Sir William Herschel has observed, in reference 
to this point, “In beautiful nights, when the out- 
side of our telescopes is dropping with moisture, 
discharged from the atmosphere, there are now 
and then favorable hours in which it is hardly 
possible to put a limit to the magnifying powers; 
but such valuable opportunities are extremely 
scarce, and with large instruments it will always 
be lost labor to observe at other times. In order, 
therefore, to calculate how long a time it must 
take to sweep the heavens, as far as they are with- 
in the reach of my forty feet telescope, charged 
with a magnifying power of 1000, I have had re- 
course to my journals to find how many favorable 
hours we may annually hope for in this ‘climate; 
and, under all favorable circumstances, it appears 
that a year which will afford ninety, or, at most, 
one hundred hours, is to be called very produc- 
tive.’ “In the equator, with my twenty feet te- 
lescope, I have swept over zones of two degrees 
with a power of 157, but an allowance of ten 
minutes in polar distance must be made for lap- 
ping the sweeps over one another where they join. 
As the breadth of the zones may be increased to- 
ward the poles, the northern hemisphere may be 
swept in about 40 zones; to these we must add 19 
southern zones; then 59 zones, which, on account 
of the sweeps lapping over one another about five 
minutes of time in right ascension, we must reck- 
on of 25 hours each, will give 1475 hours; and 
allowing 100 hours per year, we find that with 
the ‘twenty feet telescope the heavens may be 
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swept in about fourteen years and three-quarters. 
Now the time of sweeping with different magni- 
fying powers will be as the squares of the powers; 
and putting p and ¢ for the power and time in 
the twenty feet telescope, and P—1000 for the 
power in the forty feet instrument, we shall have 
paz ts.3 P20 “559840. Then, making the same 
allowance for 100 hours per year, it appears that 
it will require not less than 598 years to look with 
the forty feet reflector, charged with the above- 
mentioned“power, only one single moment into 
each point of space; and even then, so much of 
the southern hemisphere will remain unexplored 
as will take up 213 years more to examine.’’* 

From the above remarks of so’‘eminent an ob- 
server, the reader will perceive how difficult it is 
to explore the heavens with minuteness and accu- 
racy, and with how many disappointments, aris- 
ing from the state of the atmosphere, the astrono- 
mer must lay his account, when employed in 
planetary or sidereal investigation. Beside the 
circumstances now stated, it ought to be noticed 
that a star or a planet is only in a situation fora 
high magnifying power about half the time it is 
above the horizon. The density of the atmo- 
sphere, and the quantity of vapors with which 
it is charged near the horizon, prevent distinct 
vision of celestial objects with high powers until 
they have risen to at least 15 or 2U degrees in alti- 
tude, and the highest magnifiers can scarcely be 
applied with good effect unless the object is near 
the meridian, and at a ‘considerable elevation 
above the horizon. If the moon be viewed a 
little after her rising, and afterward when she 
comes to her highest elevation in autumn, the 
difference in her appearance and distinctness will 
be strikingly perceptible. It is impossible to 
guess whether a night be well adapted for celestial 
observations until we actually make the experi- 
ment, and instruments are frequently condemned, 
when tried. at improper seasons, when the atmo- 
sphere only is in fault. A certain observer re- 
marks, “I have never seen the face of Saturn 
more distinctly than in a night when the air has 
been so hazy that with my naked eye I could 
hardly discern a star of less than the third magni- 
tude. The degree of the transparency of the 
air is likewise varying almost in the course of 
every minute, so that even in the course of the 
same half hour planets and stars will appear per- 
fectly defined, and the reverse. ‘The vapors 
moving and undulating the atmosphere, even 
when the sky appears clear to the naked eye, 
will in a few instants destroy the distinctness of 
vision, and in a few seconds more the object will 
resume its clear and well-defined aspect.’’+ 

3. On the magnifying Powers requisite for observ- 
ing the Phenomena of the different Planets, Comets, 
double Stars,d;c.—- There are some objects connected 
with astronomy which cannot be perceived with- 
out having recourse to instruments and to powers 
of great magnitude; but it is a vulgar error to 
imagine that very large and very expensive tele- 
scopes are absolutely necessary for viewing the 
greater part of the more interesting scenery of the 





* Philosophical Transactions for 1800, vol. xc, p. 80, &c. 

+ In using telescopes within doors, care should generally 
be taken that there be no fires in the apartment where they 
are placed for observation, and that the air within be nearly 
of the same temperature as the air of the surrounding atmo- 
sphere; for if the room be filled with heated air, when the 
windows are opened there will be a current of cold rushing 
in, and of heated rushing out, which will produce such an 
undulation and tremulous motion as will prevent any celes- 
tia] object from being distinctly seen. 
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heavens. Most of the phenomena of the planets, 
comets, double stars, and other gbjects, are visible 
with instruments of moderate dimensions, so 
that every one who has a relish for celestial inves- 
tigations may, at a comparatively small expense, 
procure a telescope for occasional observations 
which will show the principal objects and phe- 
nomena described in books on astronomy. Many 
persons have been misled by some occasional 
remarks which Sir W. Herschel made, in refer- 
ence to certain very high powers which he some- 
times put, by way of experiment, on some of his 
telescopes, as if these were the powers requisite 
for viewing the objects to which he refers. For 
example, it is stated that he once put a power of 
6450 times on his seven feet Newtonian telescope 
of 6 3-10ths inches aperture; but this was only 
for the purpose of an experiment, and could. be 
of no use whatever when applied to the moon, the 
planets, and most objects in the heavens. Her- 
schel, through the whole course of his writings, 
mentions his only having used it twice, namely, 
on the stars 2 Lyre and 7 Leonis, which stars 
can be seen more distinctly and sharply defined 
with a power of 420.. To produce a power of 
6450 on such a telescope would require a lens of 
only 1-77th of an inch in focal distance; and it 
is questioned by some whether Herschel had 
lenses of so small a size in his possession, or 
whether it is possible to form them with accu- 
racy. 

Powers requisite for observing the Phenomena 
of the Planets.—The planet Mercury requires a 
considerable magnifying power in order to per- 
ceive its phases with distinctness. I have seldom 
viewed this planet with a less power than 100 and 
150, with which powers its half-moon, its gib- 
bous, and its crescent phase may be distinctly 
perceived. With a power of 4(), 50, or even 60 
times, these phases ‘can with difficulty be seen, 
especially as it is generally at a low altitude when 
such observations are made. The phases of Ve- 
nus are much more easily distinguished, espe- 
cially the crescent phase, which is seen to the 
greatest advantage about a month before and 
after the inferior conjunction. With a power not 
exceeding 25 or 30 times, this phase, at such 
periods, may be easily perceived. It requires, 
however, much higher powers to perceive dis- 
tinetly the variations of the gibbous phase; and 
if this planet be not viewed at a considerably 
high altitude when in a half-moon or gibbous 
phase, the obscurity and undulations of the at- 
mosphere near the horizon prevent such phases 
from being accurately distinguished, even when 
high powers are applied. Although certain phe- 
nomena of the planets may be seen with such 
low powers as I have now stated, yet in every 
instance the highest magnifying powers consist- 
ent with distinctness should be preferred, as the 
eye is not then strained, and the object appears 
with a greater degree of magnitude and splendor. 
The planet Mars requires a considerable degree 
of magnifying power, even when at its nearest 
distance from the earth, in order to discern its 
spots and its gibbous phase. I have never ob- 
tained a satisfactory view of the spots which 
mark the surface, and their relative position, with 
a less power than 130,160, or 200 times; and 
even with such powers, persons not much accus- 
tomed to look through telescopes find a difficulty 
in distinguishing them. 

The strongest and most prominent belts of Ju- 
piter may be seen with a power of about 45, 
which power may be put upon a twenty-inch 
achromatic or a one foot reflector; but a satisfac+ 
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tory view of all the belts, and the relative posi- 
tions they occupy, cannot be obtained’ with mach 
lower powers than 80, 100, or 140. The most 
common positions of these belts are, one dark 
and well-defined belt to the south of Jupiter’s 
equator; another of nearly the same description 
to the north of it, and one about his north and 
his south polar circles. These polar belts are 
much more faint, and, consequently, not so easily 
distinguished as the equatorial belts. The moons 
of this planet, in a very clear night, may some- 
times be seen with a pocket one foot achromatic 
glass magnifying about 15 or 16 times. Some 
people have pretended that they could see some 
of these satellites with their naked eye; but this 
is very doubtful, and it is probable that such per- 
sons mistook certain fixed stars which happened 
to be near Jupiter for his satellites. But, in 
order to have a clear and interesting view of 
these, powers of at least 80 or 100 times should 
be used. In order to perceive their immersions 
into the shadow of Jupiter, and the exact moment 
of their emersions from it, a telescope not less 
than a 44 inch achromatic, with a power of 150, 
should be employed. When these satellites are 
viewed through large telescopes with high magni- 
fying powers, they appear with well-defined discs, 
like small planets. The planet Jupiter has gen- 
erally been considered as a good test by which to 
try telescopes for celestial purposes. When it is 
near the meridian and at a high altitude, if its 
general surface, its belts, and its margin appear 
distinct and well-defined, it forms a strong pre- 
sumptive evidence that the instrument is a good 
one. 

The planet Saturn forms one of the most in- 
teresting objects for telescopic observation. The 
ring of Saturn may be seen with a power of 45; 
but it can only be contemplated with advantage 
when powers of 100, 150, and 200 are applied to 
a three or a five feet achromatic. The belts of Sat- 
urn are not to be seen distinctly with an achro- 
matic of less than 23/ths inches aperture, or a 
Gregorian reflector of less than four inches aper- 
ture, nor with a less magnifying power than 100 
times. Sir W. Herschel has drawn this planet 
with five belts across its disc; but it is seldom 
that above one or two of them can be seen by 
moderate-sized telescopes and common observers. 
The division of the double ring, when the planet 
is in a favorable position for observation, and in 
a high altitude, may sometimes be perceived with 
a 44 inch achromatic, with an aperture of 237 ths 
inches, and with powers of 150 or 180; but 
higher powers and larger instruments are gen- 
erally requisite to perceive this phenomenon dis- 
tinctly; and even when a portion of it is seen al 
the extremities of the ans@, the division cannot, 
in every case, be traced along the whole of the 
half-circumference of the ring which is presented 
to oureye. Mr. Hadley’s engraving of Saturn, 
in the “Philosophical Transactions” for 1723, 
though taken with a Newtonian reflector with a 
power of 228, represents the division of the ring 
as seen only on the answ or extremities of the 
elliptical figure in which the ring appears. The 
best period for observing this division is when the 
ring appears at its utmost width. In this posi- 
tion it was seen in 1840, and it will appear nearly 
in the same position in 1855. When the ring 
appears like a very narrow ellipse a short time 
previous to its disappearance, the division, or 
dark space between the rings, cannot be seen by 
ordinary instruments. 

Sir W. Herschel very properly observes, ‘* There 
is not, perhaps, another object in the heavens that 
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presents us with such a variety of extraordinary 
phenomena as the planet Saturn: a magnificent 
globe, encompassed by a stupendous double ring; 
attended by seven satellites; ornamented with 
equatorial belts; compressed at the poles; turning 
upon its axis; mutually eclipsing its ring and 
satellites, and eclipsed by them; the most distant 
of the rings also turning upon its axis, and ‘the 
same taking place with the farthest of the satel- 
lites; all the parts of the system of Saturn oc- 
casionally reflecting light on each other; the 
rings and moons illuminating the nights of the 
Saturnian, the globe and satellites enlightening 
the dark parts of the ring; and the planet and 
rings throwing back the sun’s beams upon the 
moons, when they are deprived of them at the 
time of their conjunctions.”? This illustrious as- 
tronomer states that with a new seven feet mirror 
of extraordinary distinctness he examined this 
planet, and found that the ring reflects more light 
than the body, and with a power of 570 the color 
of the body becomes yellowish, while that of the 
ring remains more white. On March 11, 1780, 
he tried the powers of 222, 332, and 440 succes- 
sively, and found the light of Saturn less intense 
than that of the ring; the color of the body turn- 
ing, with the bigh powers, to a kind of yellow 
white, while that of the ring still remained white. 

Most of the satellites of Saturn are difficult to be 
perceived with ordinary telescopes, excepting the 
fourth, which may be seen with powers of from 
60 to 100 times. It was discovered by Huygens 
in 1655 by means of a common refracting tele- 
scope 12 feet long, which might magnify about 
70 times. ‘The next in brightness to this is the 
fifth satellite, which Cassini discovered in 1671 
by means of a 17 feet refractor, which might carry 
a power of above 80 times. The third was dis- | 
covered by the same astronomer in 1672 by a 
longer telescope; and the first and second in 1684, 
by means of two excellent object-glasses of 100 
and 136 feet, which might have magnified from 
200 to 230 times. They were afterward seen by 
two other glasses of 70 and 90 feet, made by 
Campani, and sent from Rome to the Royal Ob- 
servatory at Paris by the king’s order, after the 
discovery of the third and fifth satellites. It is 
asserted, however, that all those five satellites 
were afterward seen with a telescope of 34 feet, 
with an aperture of 3-10ths inches, which would 
magnify about 120 times. These satellites, on 
the whole, éxcept the fourth and fifth, are not 
easily detected. Dr. Derham, who frequently 
viewed Saturn through Huygens’ glass of 126 
feet focal length, declares, in the preface to his 
* Astro-Theology,” that he could never perceive 
above three of the satellites. Sir W. Herschel 
observes, that the visibility of these minute and 
extremely faint objects depends more on the 
penetrating than upon the magnifying power of 
our telescopes; and that with a ten feet Newto- 
nian, charged with a magnifying power of only 
60, he saw all the five old satellites; but the sixth 
and seventh, which were discovered and were 
easily seen with his forty feet telescope, and were 
also visible in his twenty feet instrument, were 
not discernible in the seven or the ten feet tele- 
scopes, though all that magnifying power can do 
may be done as well with the seven feet as with 
any larger instrument. Speaking of the seventh 
satellite, he says, ‘ Even in my forty feet reflector 
it appears no bigger than avery small lucid point. 
I see it, however, very well in the twenty feet re- 
flector, to which the exquisite figure of the specu- 
lum not a little contributes.” A late observer as- 
sorts that in 1825, with a twelve feet achromatic, 
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of seven inches aperture, made by Tulley, with 
a power of 150, the seven satellites were ea- 
sily visible, but not so easily with a power of 200; 
and that the planet appeared as bright as brilliant- 
ly burnished silver, and the division in the ring 
and a belt were very plainly distinguished with a 
power of 200. 

The planet Uranus, being generally invisible to 
the naked eye, is seldom an object of attention to 
common observers. A considerable magnifying 
power is requisite temake it appear ina planetary 
form with a well-defined disc. The best periods 
for detecting it are when it is near its opposition 
to the sun, or when it happetis to approximate to 
any of the other planets, or to a well known fixed 
star. When none of these circumstances occur, 
its position requires to be pointed out by an equa- 
torial telescope. On the morning of the 25th of 
January, 1841, this planet happened to be in 
conjunction with Venus, at which time it was 
only four minutes north of that planet. Several 
days before this conjunction I made observations on 
Uranus. On the evening of the 24th, about eight 
hours before the conjunction, the two planets ap- 
peared in the same field of the telescope, the one 
exceedingly splendid, and the other more obscure, 
but distinct and well-defined. Uranus could not 
be perceived either with the naked eye or with an 
opera-glass, but could be distinguished as a very 
small star by means of a pocket achromatic tele 
scope magnifying about 14 times. It is question- 
able whether, under the most favorable circum- 
stances, this planet can ever be distinguished by 
the naked eye. With magnifying powers of 30 
and 70, it appeared as a moderately large star 
with a steady light, but without any sensible disc. 
With powers of 120, 180, and 250, it presented a 
round and pretty well-defined disc, but not so 
luminous and distinct as it would have done ina 
higher altitude. 

he Double Stars require a great variety of 
powers in order to distinguish the small stars that 
accompany the larger. Some of them are distin- 
guished with moderate powers, while others re- 
quire pretty large instruments, furnished with 
high magnifying eyepieces. I shall therefore se- 
lect only a few as aspecimen. The star Castor, 
or 2 Geminorum, may be easily seen to be double 
with powers of from 70 to 100. I have some- 
times seen these stars, which are nearly equal in 


size and color, with a terrestrial power of 44 on a/ 


44 inch achromatic. The appearance of this star 
with such powers is somewhat similar to that of » 
Corone in a seven feet achromatic of five inches 
aperture, with a power of 500. 7 Andromede may 
be seen with a moderate power. Ina thirty inch 
achromatic of twoinches aperture and a power 
of 80, it appears like ¢ Bootis when seen in a five 
feet achromatic with a power of 460. This star 
is said to be visible even in a one foot achromatic 
with a power of 35. ¢ Lyre, which is a quintu- 
ple star, but appears to the naked eye as a single 
star, may be seen to be double with a power of 
from six to twelve times. 7 Leonis is visible in 
a 44 inch achromatic with a power of 180 or 200. 
Rigel, in a 314 feet achromatic, may be seen with 
powers varying from 130 to 200. The small 
star, however, which accompanies Rigel, is some- 
times difficult to be perceived, even with such 
powers. ¢ Bootis is seldom distinctly defined with 
an achromatic of less aperture than 314 inches, 
or a reflector of less than five inches, with a 
power of at least 259. 

These and similar stars are not to be expected 
to be seen equally well at all times, even when 
the magnifying and illuminating powers are pro- 
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perly proportioned, as much depends upon the 
state of the weather, and the pureness of the at- 
mosphere. In order to perceive the closest of 
the double stars, Sir W. Herschel recommends 
that the power of the telescope should be adjusted 
upon a star known to be single, of nearly the 
same altitude, magnitude, and color with the dou- 
ble star which is to be observed, or upon one star 
above and another below it. Thus the late Mr. 
Albert, the astronomer, could not see the two 
stars of y Leonis when the focus was adjusted 
upon that star itself, but he soon observed the 
small star after he had adjusted the focus upon 
Regulus. Anexact adjustment of the focus of 
the instrument is indispensably requisite in order: 
to perceive such minute objects. 

In viewing the Nebule, and the very small and 
immensely distant fixed stars, which require much 
light to render them visible, a large aperture of 
the object-glass or speculum, which admits of a 
great quantity of light, is of more importance 
than high magnifying powers. It is light chiefly, 
accompanied with a moderate magnifying power, 
that enables us to penetrate into the distant regions 
of space. Sir W. Herschel, when sweeping the 
profundities of the Milky Way,and the Hand and 
Club of Orion, used a telescope of the Newtonian 
form, 20 feet focal length and 18 7-10ths inches 
in diameter, with a power of only 157. On ap- 
plying this telescope and power to a part of the 
Via Lactea, he found that it completely resolved 
the whole whitish appearance into stars, whith 
his former telescopes had not light enough to ef- 
fect, and which smaller instruments with much 
higher magnifying powers would not have effected. 
He tells us that, with this power, “the glorious 
multitude of stars,’ in the vicinity of Orion, “of 
all possible sizes, that presented themselves to 
view, was truly astonishing, and that he had 
fields which contained 70, 90, and 110 stars, so 
that a belt of fifteen degrees long and two degrees 
broad, which passed through the field of the tele- 
scope in an hour, could not contain less than fifty 
thousand stars that were large enough to be dis- 
tinctly numbered.”? In viewing the Milky Way, 
the Nebule, and small clusters of stars, such as 
Presepe in Cancer, I generally use a power of 55 
times on an achromatic telescope six feet six 
inches in focal length and four inches in diameter. 
The eyepiece which produces this power—which 
I formed for the purpose—consists of two convex 
lenses, the one next the eye three inches focal 
length and 1 2-10ths of an inch diameter, and 
that next the object 31g inches focus and 1 
4-10ths of an inch diameter, the deepest convex 
surfaces being next each other, and their distance 
a quarter of an inch. With this eyepiece a ver 
large and brilliant field of view is obtained; and 
find it preferable to any higher powers in viewing 
the nebulosities and clusters of stars. In certain 
spaces of the heavens it sometimes presents in one 
field nearly a hundred stars. It likewise serves 
to exhibit a very clear and interesting view of 
the full moon. 

In observing Comets, a very small power should 
generally be used, even on large instruments. 
These bodies possess so small a quantity of light, 
and they are so frequently enveloped in a vail of 
dense atmosphere, that magnifying power some- 
times renders them more obscure, and therefore 
the illuminating power of a large telescope with 
a small power is in all cases to be preferred. A 
comet eyepiece should be constructed with a very 
large and uniformly distinet field, and should 
magnify only from 15 to 30 or 40 times, and the 
lenses of such an eyetube should be nearly two 
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inches in diameter. The late Rev. F. Wollaston 
recommended, for observing comets, “a telescope 
with an achromatic object-glass of 16 inches 
focal length and two inches aperture, with a 
Ramsden’s eyeglass magnifying about 25 times, 
mounted on a very firm equatorial stand, the field 
of view taking in two degrees of a great circle.” 

In viewing the moon, various powers may be 
applied, according to circumstances. ‘The best 
periods of the moon for inspecting the inequali- 
ties on its surface are either when it assumes a 
crescent or a half-moon phase, or two or three 
days after the period of half-moon. Several days 
after full moon, and particularly about the third 
quarter, when the orb is waning, and when the 
shadows of its mountains and vales are thrown in 
a different direction from what they are when on 
the increase, the most prominent and interesting 
views may be obtained. The most convenient 
season for obtaining such views is during the 
autumnal months, when the moon, about the 
third quarter, sometimes rises as early as eight 
o’clock, rp. m., and may be viewed at a considerably 
high altitude by ten or eleven. When in the 
positions now alluded to, and at a high altitude, 

‘yery high magnifying powers may sometimes be 
applied with good effect, especially if the atmo- 
sphere be clear and serene. I have sometimes 
applied a power, in such cases, of 350 times on a 
46 inch achromatic with considerable distinctness; 
but it is only two or three times ina year, and 
when the atmosphere is remarkably favorable, 
that such a power can be used. The autumnal 
evenings are generally best fitted for such obser- 
vations. The full moon is an object which is 
never seen to advantage with high powers, as no 
shadows or inequalities on its surface can then be 
perceived. It forms, however, a very beautiful 
object when magnifying powers not higher than 
40, 50, or 60 times are used. A power of 45 

times, if properly constructed, will show the 
whole of the moon with a margin around it, when 
the darker and brighter parts of its surface will 
present a variegated aspect, and appear somewhat 
like a map to the eye of the observer. 

4. Mode of exhibiting the Solar Spots.—The 
solar spots may be contemplated with advantage 
by magnifying powers varying from 60 to 180 
times; about 90 times is a good medium power, 
though they may sometimes be distinguished with 
very low powers, such as those usually adapted to 
a oue foot telescope, or even by means of a com- 
moh opera-glass. ‘The common astronomical eye- 
pieces given along with achromatic telescopes, 
and the sunglasses connected with them, are 
generally ill adapted for taking a pleasant and 
comprehensive view of the solar spots. In the 
higher magnifying powers, the first eyeglass is 
generally at too great a distance from the eye, 
and the sunglass which is screwed over it removes 
it to a still greater distance from the point to 
which the eye is applied, so that not above one- 
third of the field of view can be taken in. This 
circumstance renders it difficult to point the in- 
strument to any particular small spot on the 
solar disc which we-wish minutely to inspect; 
and beside, it prevents us from taking a compre- 
hensive view of the relative positions of all the 
spots that may at any time be traversing the disc. 
To obviate this inconvenience, the sunglass would 
require to be placed so near to the glass next the eye 
as almost to touch it. But this is sometimes diffi- 
cult to be attained, and in high powers even tho 
thickness of the sunglass itself is sufficient to 
prevent the eye from taking in the whole field of 
view. Jor preventing the inconveniences to 
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which I - allude, I generally make use of a 
terrestrial eyepiece of a considerable power, with 
a large field; the sunglass is fixed at the end of a 
short tube, which slides on the eyepiece, and 
permits the colored glass to approach within a 
line or two of the lens next the eye, so that the 
whole field of the telescope is completely secured. 
The eyepiece alluded to carries a magnifying 
power of 95 times for a 46 inch telescope, and 
takes in about three-fourths of the surface of the 
sun, so that the relative positions of ali the spote 
may generally be perceived at one view. Such 
a power is, in most cases, quite sufficient for 
ordinary observations, and I have seldom found 
any good effect to ariso from attempting very 
high powers when minutely examining the solar 
spots. 

But the most pleasant mode of viewing the 
solar spots, especially when we wish to exhibit 
them to others, is to throw the image of the sun 
upon a white screen, placed in a room which is 
considerably darkened. It is difficult, however, 
when the sun is at a high altitude, to put this 
method into practice, on account of the great 
obliquity with which his rays then fall, which 
prevents a screen from being placed at any 
considerable distance from the eye-end of the 
telescope. The following plan, thereforo, is that 
which I uniformly adopt, as being both the 
easiest and the most satisfactory. A telescope is 
placed in a convenient position, so as to be direct- 
ed to the sun. ‘This telegcope is furnished with a 
diagonal eyepiece, such as that represented in fig. 
77 (p. 97). The window-shutters of the apart- 
ment are all closed excepting a space sufficient to 
admit the solar rays; and when the telescope is 
properly adjusted, a beautiful image of the sun, 
with all the spots which then happen to diversify 
his surface, is thrown upon the ceiling of the room. 
This image may be from 12 to 20, or 30 inches 
or more in diameter, according to the distance 
of the ceiling from the diagonal eyepiece. The 
greater this distance is, the larger the image. If 
the sun is at a very high altitude, the image will 
be elliptical; if he be at no great distance from 
the horizon, the image will appear circular, or 
nearly so; but in either case the spots will be dis- 
tinctly depicted, provided the focus of the tele- 
scope be accurately adjusted. In this exhibition, 
the apparent motion of the sun produced by the 


‘rotation of the earth, and the passage of thin 


fleeces of clouds across the solar disc, exhibit a 
very pleasing appearance. 

By this mode of viewing the solar spots we may 
easily ascertain their diameter and magnitude, at 
least to a near approximation. We have only to 
take a scale of inches, and measure the diameter 
of any well-defined and remarkable spot, and 
then the diameter of the solar image; and, com- 
paring the one with the other, we can ascertain 
the number of miles, either lineal or square, com- 
prehended in the dimensions of the spot. For 
example, suppose a spot to measure half an inch 
in diameter, and the whole image of the sun 5 
inches, the proportion between the diameter of 
the spot and that of the sun will be as 1 to 50; in 
other words, the one-fiflieth part of the sun’s 
diameter. Now this diameter being 880,000 miles, 
this number, divided by 50, produces a quotient 
of 17,600—the number of miles which its diam- 
eter measures. Such a spot will therefore contain 
anarea of 243,285,504, or more than two hundred 
and forty-three millions of square miles, which 
is 46 millions of miles more than the whole su- 
perficies of the terraqueous globe. Again, sup- 
pose the diameter of a spot measures 3-10ths of 
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an inch, and the solar image 23° inches, the pro- 
portion of the diameter of the spot to that of the 
sun is as 3 to 230—the number of tenths in 23 
inches. The number of miles in the spot’s diam- 
eter will therefore be found by the following pro-, 
portion: 230 : 880,000 :: 3 : 11,478; that is, the 
~ diameter of such a spot measures eleven thousand 
four hundred and seventy-eight miles. Spots of 
such sizes are not unfrequently seen to transit the 
solar disc. cia 
By this mode of viewing the image of the sun, 
his spots may be exhibited to twenty or thirty 
individuals at once without the least straining or 
injury to the eyes; and.as no separate screen is 
requisite, and as the ceilings of rooms are gene- 
rally white, the experiment may be performed in 
half 2 minute without any previous preparation 


except screwing on and adjusting the eyepiece. 
The manner of exhibiting the solar spots in this, 


way is represented in fig. 82. 

5. On the Space-penetrating Power of Telescopes. 
—The power of ‘telescopes to penetrate into the 
profundity of space is the result of the quantity 
of light they collect and send to the eye in a state 
fit for vision. 
sometimes designated by the expression I//uminat- 
tng Power. , 

Sir W. Herschel appears to have been the first who 
made a distinction between the magnifying power 
and the space-penetrating power of a telescope; 
and there are many examples which prove that 
such a distinction ought to be made, especially in 
the case of large instruments. For example, the 
small star, or speck of light which accompanies 
the pole-star, may be seen through a telescope of 
large aperture with a smaller magnifying power 
than with a telescope of a small aperture furnished 
with a much higher power. If the magnifying 
power is sufficient to show the small star com- 
pletely separated from the. rays which surrownd 
the large one, this is sufficient, in one point of 
view; but, in order that, this effect may be pro- 
duced, so as to render the small star perfectly 
distinguishable, a certain quantity of light must 
be admitted into the pupil of. the eye, which 
quantity depends upon the area of the object-glass 
or speeulum of the instrument, or, in other words, 
on the illuminating power. \If we compare:a tele- 
scope of 23/ths inches aperture with one of five 
inches aperture, when the magnifying power of 
each does not exceed 50. times for terrestrial ob- 
jects, the effect of illuminating power is not so 
evident; but if we use a power of 100.for day 
objects, and 180 for the heavenly bodies,. the 
effects of illuminating power isso clearly percep- 
tible, that objects not only appear brighter and 
more clearly visible in the larger telescope, but 
with the same magnifying power they also appear 
Jarger, particularly when the satellites of Jupiter 
and small stars are the objects we are viewing. 

Sir W. Herschel remarks, that. “objects are 
viewed in their greatest perfection when, in pene- 
trating space, the magnifying power is so low as 
only to be sufficient to show the object well, and 
when, in magnifying objects, by way of examin- 
ing them minutely, the space-penetrating power is 
no higher than what will suffice for the purpose; 
for in the use of either power, the injudicious 
overcharge of the other will prove hurtful to vi- 
sion.’ When illuminating power is in too high 
a degree, the eye is offended by the extreme bright- 
ness of the object; when it is in too low a de- 
gree, the eye is distressed by its endeavors to see 
what is beyond its reach; and therefore it is de- 
sirable, when we wish to give the eye all the as- 
sistance possible, to have the illuminating and 
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This. property .of. telescopes is} 


| magnitudes. 
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the magnifying powers in due proportion. What 
this proportion is, depends, im a certain’ degree, 
upon the brightness of the object. In proportion 
to its brightness or luminosity, the magnifying 
power may, to a certain extent, be increased. Sir 
W. Herschel, remarks in reference to « Lyre, 


«This star, I surmise, has light enough to bear 


being magnified at least ahundred thousand times, 
with no more than six inches of aperture.??. How- 
ever beautifully perfect any telescopes may appear, 
and however sharp their defining power, their per- 


Fig. 82. 





formance is limited by their illuminating powers, 
which are as the squares of the’ diameters of the 
apertures of the respective instruments. Thusa te- 
lescope whose object-glass is four inches diameter. 
will have four times times the quantity of light, or 
illuminating power, possessed by atelescope whose 
aperture is only two inches, or‘in the. proportion 
of 16 to 4; the square of 4 being 16, and the 
square, of 2 being 4. 

The nature of the. space-penetrating power to 
which we are adverting, and the distinction be- 
tween it and magnifying power, may be illustrat- 
ed from a few examples taken from Sir W. Her- 
schel’s observations. ; ; 

The first observation which I shall notice refers 
to the nebula between » and € Ophiuchi, discovered 
by Messier in 1764. The observation was made 
with a ten. feet, reflector, having a magnifying 
power of 250, and a space-penetrating power of 
28.67. His note is dated May 3, 1783. ‘Isee seve- 
ral stars in it, and make no doubt a hiyher power 
and more light will resolve it all into stars. This 
seems to me a good nebula for the purpose of es- 
tablishing the connection between nebule and 
clusters of stars in general.” *. June 18, 1784. 
The same nebula viewed with a Newtonian twen- 
ty feet reflector; penetrating power 61, and a mag- 
nifying power of 157; a very large and a very 
bright cluster of excessively compressed stars. 
The stars are but just visible, and are of unequal 
The large stars are red; the cluster 
is a miniature of that, near Flamstead’s forty- 
second Come Berenices. Right ascension, 17h. 
6m. 32s. Polar distance, 108° 18”.’’. In this case, 
a penetrating power of about 28, with a magnify- 
ing power. of 250, barely showed a few stars; 
while in the second instrument the illuminating 

ower of 60, with the magnifying power of only 
157, showed them completely. ‘ag 

Subsequently to the date of the latter observa~ 
tion, the twenty feet Newtonian telescope was 
converted into an Herschelian instrument by tak- 
ing away the small speculum, and giving the large 
one the proper inclination for obtaining the front 
view; by which alteration the illuminating power 
was increased from 61 to. 75, and the advantage 
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rived from the alteration was evident in the dis- 
a of the satellites of Uranus by thealtered te- 
lescope, which before was incompetent in the point 
of penetration, or illuminating power. “ March 
14, 1798; 1 viewed the Georgian planet (or Ura- 
nus) with a new twenty-five feet reflector. Its 


penetrating power is 95.85, and having just before’ 


also viewed it with my twenty feet instrument, I 
found that with an equal magnifying power of 
300, the twenty-five feet telescope had considerably 
the advantage of the former.’? The aperture of 
the twenty feet instrument was 18.8 inches, and 
that of the twenty-five feet telescope 24. inches, 
so that the superior effect of the latter instrument 
must have been owing to its greater illuminating 
power. The following observations show the su- 
perior power of the forty feet telescope, as com- 
pared with the twenty feet. ‘Feb. 24, 1786, I 
viewed the nebula near Flamstead’s fifth Serpentis 
with my twenty feet reflector, magnifying power 
157. The most beautiful, extremely compressed 
cluster of small stars, the greatest part of them 
gathered together into one brilliant nucleus, evi- 
dently consisting of stars, surrounded with many 
détached gathering stars of the same size and co- 
tor. R. A., 15h. 7m. 12s, \P..D. 87° 8”. « May 27, 
1791, I viewed the same: object with my forty feet 
telescope, penetrating power 191.69, magnifying 
power 370. A beautiful cluster of stars. I counted 
about 200 of them. The middle of it is so com- 
pressed that it isimpossible to-distinguish thestars.”’ 
‘Nov. 5, 1791, I viewed Saturn with the twenty 
and forty feet telescopes. T'wenty feet—The fifth 
satellite of Saturnis very small. The first, second, 
third, fourth and fifth,and the new sixth satellites 
are in their calculated places. Forty feet—I see 
the new sixth satellite much better than with the 
twenty feet. The fifth is also much larger here 
than in the twenty feet, in which it was nearly the 
me size as a’small fixed star, but here it is con- 
siderably larger than that star.’ 
_ These examples, and many others of a similar 
kind, explain sufficiently the nature and extent of 
that species of power that one telescope possesses 
over another, in consequence of ‘its enlarged aper- 
ture; but the exact quantity of this power is in 
some degree uncertain. To ascertain practically 
the illuminating power of telescopes, we must try 
them with equal’ powers on ‘such’ objects as the 
following: the small stars near the pole-star, and 
near Rigel and Bootis; the division in the ring of 
Saturn; and distant objects in the twilight or to- 
ward the evening. These objects are distinctly 
seen with a five feet achromatic of 3 8-10ths in- 
ches aperture, and an illuminating power of 144, 
while they are.scarcely visible in a 314 feet with 
an aperture of 234ths inches, and anilluminating 
power of 72, supposing the same magnifying 
power to be applied. © The illuminating power of a 
telescope is best estimated, in regard to land ob- 
jects, when it is tried on minute objects, and such 
as are badly lighted up; and the advantage of a 
telescope with a large aperture will be most obvi- 
ous when it is compared with another of “inferior 
size in the close of the evening, when looking at 
a printed bill composed of letters of various sizes. 
As darkness comes on, the use of illuminating 
power becomes more evident. In a five feet téle- 
scope some small letters will be legible which are 
hardly discernible in the 314 feet, and in the 216 
feet are quite undefinable, though the magnifying 
powers be equal. “Sir W. Herschel informs us 
that, in the year 1776, when he had erected a tele- 
scope of twenty feet focal length of the Newtoni- 
an construction, one of its effects by trial was, 
that when, toward evening, on account of darkness, 
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the natural eye could not penetrate far into space, 
the telescope possessed that ikie, eevee yoni 
show, by the dial of a distant church steeple, what 
o’clock it was, notwithstanding the naked eye 
could no longer see the steeple itself. 
In order to convey an idea of the numbers by 
which the degree of space-penetrating power is 
expressed, and the general grounds on which they 
rest, the following statements may be made. The 
depth to which the naked eye can penetrate into 
the spaces of the heavens is considered as extend- 
ing to the twelfth order of distances; in other 
words, it can perceive a star at a distance twelve 
times farther than those luminaries, such as Sirius, 
Arcturus, or Capella, which, from their vivid light, 
we presume to be nearest to us. It has been stat- 
ed above that Herschel caleulated his ten feet te- 
lescope to have a space-penetrating power of 28.67, 
that is, it could enable us to descry a star 28 times 
farther distant than the naked eye can reach. His 
twenty feet Newtonian was considered as having 
a similar power of 61; his 25 ‘feet, nearly 96; and 
his forty feet instrument, a power of 191.69. If 
each of these numbers be multiplied by 12, the 
product will indicate how much farther these tele- 
scopes will penetrate into space than the nearest 
range of the fixed stars,such as those of the first 
magnitude. For instance,the penetrating power 
of the forty feet reflector being 191.69, this num- 
ber, multiplied by 12, gives a product of 2300, 
ae shows that, were there a series of two thou- 
nd three hundred stars extended in aline beyond 
irius, Capella, and similar stars, each star sepa- 
rated from the one-beyond it by a space equal to 
the distance of Sirius from the earth, they might 
be all seen through the forty-feet telescope In 
short, the penetrating power of telescopes is a cir- 
cumstance which requires to be particularly at- 
tended to in our observations of celestial pheno- 
mena,and: in many cases is of'more importance 
than magnifying power. It is the effect produced 
by illuminating power that renders telescopes, fur- 
nished with comparatively small magnifying pow- 
ers, much more efficient in observing comets, and 


certain nebule and clusters of stars, than when 


high powers are attempted. Every telescope may 
be so adjusted as to produce different space-pene- 
trating powers. If we wish to diminish such a 
power, we have only'to contract the object-glass 
or speculum by placing circular rims, or apertures 
of different-degrees of breadth, across the mouth 
of the great tube of theinstrament. But we can- 
not increase this illuminating power beyond a 
certain extent, which is limited by the diameter 
of thé object-glass. When we wish illuminating 
power beyond this limit, we must be furnished 
with an object-glass or speculum of a larger size; 
and hence the rapid advance in price of instru- 
ments which have large apertures, atid:consequent- 
ly high illuminating powers. Mr. Tulley’s 31g 
feet achromatics of 23/ths inches aperture sell at 
£26 5s.; when the aperture is 314th inches, the 
price is £42; when 33/inches, £68 5s.. The fol- 
lowing table contains a statement of the ¢ compa- 
rative lengths, apertures, illuminating powers, and 
prices of achromatic refractors and Gregorian re- 
flectors,” according to Dr. Kitchener: 

The illuminating powers stated in the following 
table are only comparative. Fixing on the number 
25 as the illuminating power of a two feet tele- 
scope, 1 6-10ths of an inch aperture, that of a 214 
feet, two inches aperture, will be 40; of a five feet, 
3 8-10ths inches aperture, 144, &c. If the illumi- 
nating power of a Gregorian 1} foot, and three 
inches aperture, be 90, a five feet, with nine inches 
aperture, will be 810, &c. ; 
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6. On choosing Telescopes, and ascertaining their 
Properties.—It is an object of considerable’ im- 
‘portance to every astronomical observer that he 
should be enabled to form a judgment of the qua- 
lities of his telescope, and of any instruments of 
this description which he may intend to purchase. 
‘The following directions may perhaps be useful 
to the reader in directing him in the choice of an 
achromatic refracting telescope : : 

Suppesing that an achromatic telescope of 314 
feet focal length and 314th inches aperture were 
offered for sale, and that it were required to as- 
certain. whether the object-glass, on which its ex- 
cellence chiefly depends, is .a good one, and duly 
adjusted, some opinion may be formed by laying 
the tube of the telescope in a horizontal po 
on a firm support, about the hight of the e 
by placing.a printed card or a watch-glass ve 
cally, but in an inverted position, against some 
wall or pillar at 40 or 50 yards distant, so as to be 
exposed to a clear sky. When the telescope is 
directed to this object, and accurately adjusted ‘to 
the eye, should the letters on the card, or the 
strokes and dots on the watch glass, appear clearly 
and sharply defined, without any mistiness or. co- 
loration, and if very small spots appear well-de- 
fined; great hopes: may, be entertained that the 
glass will turn out a good one. But a telescope 
may appear a good one, when viewing common 
terrestrial objects, to eyes unaccustomed to dis- 
criminate deviations from perfect vision, while it 
may turn out to.be an indifferent one when di- 
rected to certain celestial objects. Instead, there- 
fore, of a printed card, fix a black board, or one- 
half. of a sheet of black paper, in.a vertical po- 
sition at the same distance, and a circular dise of 
white writing paper, about one-fourth of an inch 
in diameter, on the center of the black ground; 
then, having directed the telescope to this object, 
and adjusted for the place of distinct vision, mark 
with a black-lead pencil the sliding eyetube at the 
end of the main tube, so that this’ position can 
always be known; and if this sliding tube be 
gradually drawn out or pushed in while the eye 
- beholds the dise, it will gradually enlarge and lose 
its color until its edges cease to be well-defined. 
Now if the enlarged misty circle is observed to be 
concentric with the disc itself, the object-glass is 
properly centered, as it has reference to the tube; 
but if the misty circle goes to one side of the 
disc, the cell of the object-glass is not at right an- 
gles to the tube, and must have its screws re- 
moved and- its holes elongated by a rat-tailed file 
small enough to enter the holes.. When this. has 
been done, the cell may be replaced, and the disc 
examined a second time, and a slight stroke on 
one edge of the cell by a wooden mallet will show 
by the alteration made in the position of the misty 
portion of the disc how the adjustment, is to be 
effected, which is known to be right when a:mo- 
tion in the sliding tube will make:the diluted disc 
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enlarge ina circle‘concentric with the disc itself 
When the dise will enlarge so as to make a ring 
of diluted white light round its circumference, as 
the sliding tube holding the eyepiece is pushed in 


!or drawn out, the cell may be finally fixed by the 


screws passing through its elongated holes. 

When the object-glass is thus adjusted, it may 
then be ascertained whether the curves of the re- 
spective lenses composing the object-glass are 
well formed; and suitable foreach other. If a 
small. motion of the sliding tube of about 1-1 
of an inch in.a3l feet telescope from the point 
of distinct vision will dilute the light of the disc 
and render the appearance confused, the figure of 
the objeet-glass is good, particularly if the same 
effect will take place at equal distances from the 
point of distinct vision when the tube is alter- 
nately drawn out and pushed in. A telescope 
that will admit of much motion in the sliding 
‘tube, without sensibly affecting the distinctness of 
vision will not: define an object well at any point 
of adjustment, and must be considered as having 
an imperfeet object-glass, inasmuch as the spheri- 
cal aberration of the transmitted rays is not duly 
corrected. The due adjustment. of the convex 
lens or lenses to the concave one will be judged of 
by the absence of coloration round the enlarged’ 
dise, and is a property distinct from the spherical 
aberration; the achromatism depending on the re- 
lative focal distances of the convex and concave 
lenses is regulated by the relative dispersive powers 
of the pieees of. glass made use of, but the dis- 
tinctnéss of vision’ depends on a good figure of 
the computed curves that limit the focal distances. 
When an object-glass is free from imperfection in 
both these respects, it may be called a good glass 
for terrestrial purposes. . 

It still, however, remains to be determined how 
far such an.object-glass may be good for yiewing 
a star or a planet, and can only be known by ac- 
tual observations on the heavenly bodies. When 
a good telescope:is directed to the moon or to Ju- 
piter, the achromatism may be judged of by alter- 
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nately pushing in and drawing out the eyepiece 


from the place of distinct vision. In the former 
case, a ring of purple will be formed round the 
edge; and in the latter, a ring of light green, 
which is the central color of the prismatic spec- 
trum; for these appearances show that» the ex- 
treme colors, red and violet, are corrected. Again, 
if one, part of a lens employed have a different 
refractive power from another part of it, that is, 
if the flint-glass particularly is not homogeneous, 
a star of the first and even of the second: magni- 
tude will point. out the natural defect by the ex- 
hibition of an irradiation, or what is called a wing, 
at. one side, which no perfection of figure or of 
adjustment will banish, and the greater the aper- 
ture, the more liable is the evil to happen: hence 
caps with different apertures are usually supplied 
with large telescopes, that the extreme parts of 
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the glass may be cut off in observations requiring 
a round and well-defined image of the body ob- 
served. 

Another method of determining the figure and 
quality of an object-glass is by first covering its 
center by acircular piece of paper, as much as 
one-half of its diameter, and adjusting it for dis- 
tinct vision of a given object, such as the disc 
above-mentioned, when the central rays are inter- 
cepted, and then trying if the focal length remais 
unaltered when ‘the paper is taken away and an 
aperture of the same size applied, so that the ex- 
treme rays may in their tarn be cut off If the 
vision remains equally distinct in both cases, with- 
out any new adjustment for focal distance, the 
figure is good, and the spherical aberration cured, 
and it may be seen by viewing a star of the first 
magnitude successively in both cases, whether the 
irradiation is produced more by the extreme or-by 
the\central parts of the glass;.-or;, in case the one- 
half be-faulty and the other good, a semicircular 
aperture, by being turned gradually round in trial, 
will detect what semicircle contains the defective 
portion of the glass; and if such portion should 
be covered, the only inconvenience that would 
ensue would be the loss of so much light as is thus 
excluded. When an object-glass produces radia- 
tions in a large star, it is unfit for the nicer ob- 
servations of astronomy, such as viewing double 
stars of the first class. The smaller a large star 
appears in any telescope, the better is the figure 
of the object-glass; but if the image of the star 
be free from wings, the size of its dise is not an 
objection in practical observations.* 

Some opticians are in the habit of inserting a 
diaphragm into the body of the large tube,:to cut 
off the extreme rays. coming from, the object-glass 
when the figure is not good, instead of lessening 
the aperture by a cap. When this is thé case, a 

deficiency of light will be the consequence be- 
jon what the apparent aperture warrants. It is 
therefore proper to examine that the diaphragm 
be not placed too near the ‘object-glass, so as to 
intercept any of the useful rays. Sometimes a 
portion of the object-glass is cut off by the stop 
inthe eyetube. ‘To ascertain this, adjust the tele- 
scope to distinct vision, then take out the eye- 
glasses, and put your finger on some other object 
on the edge of the outside of the object-glass, and 
look down the tube; if you: can see the top of 

" finger, or any object in its place, just peep- 
ing over the edge of the object-glass, no part is 
cutoff. J onee hada 3% feet teleseope whose ob- 
ject-glass measured three inches in diameter, which 
was neither so bright, nor did it perform in other 
respects nearly so well as another of the same 
length whose object-glass was only 23/ths inches 
in diameter; but I found that a diaphragm was 
placed about a foot within the end: of the large 
tube, which reduced the aperture of the object- 
glass to less than 21% incites, and when it was re- 
moved the telescope was less distinct chan Wipro. 
The powers given along with this instrument 
were much lower than usual, none of them ex- 
ceeding 100 times. This isa trick not uncom- 
mon with some opticians. 

Dr. Pearson' mentions that an old Dollond’s téle- 
scope of 63 inches focal length and 33/ths inches 
aperture, supposed to be an, excellent one, was 
brought to Mr. Tulley when he was present, and 
the result of the examination was that. its achro- 
matism-was not perfect. ‘he imperfection was 
thus determined by experiment. “A ‘small glass 





* The above directions and remarks are abridged with 
Some alterations from Dr. Pearson's ‘ Introduction to Prac- 
tical Astronomy,’? vol; ii. ; 
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globe was placed at forty yards’ distance from the 
object-end of the telescope when the sun was 
shining, and the speck of light seen reflected from 
this globe formed a good substitute for a large 
star, as an object to be viewed. When the focal 
length of the object-glass was adjusted to this lu- 
minous object, no judgment could be formed of 
its prismatic aberrations until the eyepiece had 
been pushed in beyond the place of correct vision; 
but when the telescope was shortened a little, the 
luminous disc occasioned by such shortening was 
strongly tinged with red rays at its circumference. 
On the contrary, when the eyepiece was drawn 
out so as to lengthen the telescope too much, the 
disc thus produced was tinged with a small circle 
of red at its center, thereby denoting that the con- 
vex lens had too short.a focal length; and Mz. 
Tulley observed, that if one or both of the curves 
of the convex lens were flattened until the total 
focal length should be about four inches increased, 
it would render the telescope quite achromatic, 
provided in doing this the aberration should not 
be inereased.. 

The following general remarks may be added: 
1. To make anything like an accurate compari- 
son of telescopes, they must be tried not only at 
the same place, but as nearly as possible at the 
same time, and, if the instruments are of the same 
length and-construction, if possible, with the same 
eyepiece. 2. A difference of eight or ten times 
agnifying power will sometimes, on cer- 
jects, give quite a different character toa 
te pe. It has been found by various experi- 
ments that object-glasses of two or three inches 
longer focus will produce different vision with 
the’ same eyepiece. 3. Care must be taken to 
}ascertain that the eyeglasses are perfectly clean 
and free from defects. ' The defects of glass are 
either from veins, specks, scratches, color, or an 
incorrect figure.' ‘T'o discover veins in an eye or 
an object-glass, place a candle at the distance of 
four or five yards; them look through the glass, 
and move it from your eye until it appear full of 
light; you will then see every vein, or other im- 
perfection in it, which may distort the objects and 
render vision: imperfect. Specks or scratches, 
especially in object-glasses, are not so injurious 
as veins, for they do not distort the object, but 
only intercept a portion of the light. 4. We can- 
not judge accurately of the excellence. of any 
telescope by observing objects with which we are 
not familiarly acquainted. Opticians generally 
try an instrument at their own marks; such as 
the dial-plate of a watch, a finely engraved card, 
| a weathercock, or the moon and the planet Jupi- 
ter, when near the meridian. Of several telescopes 
of the same length, aperture, and magnifying 
power, that one is generally considered the best 
with which we can-read a given print at the 
greatest distance, especially if the print consists 
of figures; such as a table of logarithms, where 
the eye is not apt to be deceived by the imagina- 
tion in guessing at the sense of a passage when 
two or three words are distinguished. 

There is a circumstance which I have fre- 
quently noticed in reference to achromatic tele- 
scopes, particularly those of a smali size, and 
which.I have never seen noticed by any optical 
writer. It is this: if the telescope, when we are 
viewing objects, be gradually turned round its axis, 
there is a certain position in which the objects 
will appear distinct and accurately defined; and 
if it be turned round exactly a semicircle from 
this point, the same degree of distinctness is per- 
ceived, but in all other’ positions there is an evi- 
dent want of clearness and defining power, This 
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I find to be. the case in'more than ten one-foot 
and two-feet telescopes now in my possession, 
and therefore I have put marks upon the object- 
end of each of them to indicate the positions. in 
which they should be eed for distinct observa- 
tion. This is a circumstance which requires, in 
many cases, to be attended toin the choice and 
the use of telescopical instruments, and in fixing 
and adjusting them on their pedestals. In some 
teloscopes this defect is very striking, but it is in 
some measure perceptible in the great majority 


of instruments which J have had occasion to in- | 


spect. Even. in large and expensive achromatic 
telescopes this defect is sometimes observable. . I 
have an achromatic whose object-glass is‘41-10th 
inches in diameter, which was much improved in 
its defining power by being unscrewed from its 
original position, or turned round its axis about 
one-eighth part of its circumference. This de- 
fect is best detected by looking ata large printed 
bill, or a signpost at a distance; when on turning 
round the telescope or object- glass, the letters will 
appear much better defined in one position than 
in another. The position in which the object 
appears least distinct is when the upper part of 
the telescope is.a quadrant of-a circle different 
from the two positions above stated, or at an equal 
distance from each of them. 

7. On the mode of determining the magnifying 
power of Telescopes.—In regard to refracting tele- 
scopes, we have already shown that, whe e 
eyeglass is used, the magnifying power e 
found by dividing the focal distance of th ject- 
glass by that of the eyeglass; but when a Huyge- 
nian eyepiece, or a four-glass terrestrial eyepiece, 
such as is now common in achromatic telescopes, 
is used, the magnifying pdwer cannot be ascer- 
tained in this manner; and in some of the delicate 
observations of practical astronomy, it is of the 
utmost importance to know the exact magnifying 
power of the instrument with which the observa- 
tions are made, particularly when micrometrical 
measurements are employed to obtain the desired 
results. The following isa general method of 
finding the magnifying powers of telescopes when 
the instrument called a dynameter is not employed, 
and it answers for refracting and reflecting tele- 
scopes of every description. 

Having put up a small circle of paper an inch 
or two in diameter at the distance of about 100 
yards, draw upon a card two black parallel lines, 
whose distance from each other is equal to the dia- 
meter of the paper circle; then view through the 








telescope the paper circle with one eye, and the| 


pea lines with the. other, and let the parallel 
lines be moved nearer to or farther from the eye, 
until they seein exactly to cover the small circle 
viewed through the telescope; the quotient obtain- 
ed by dividing the distance of the paper circle by the 
distance of the parallel lines from the eye will be the 
magnifying power of the telescope. It requires a 
little practice before this experiment can be per- 
formed with accuracy. The one eye must be accus- 
tomed to look at an object near at hand, while the 
other is looking at a more distant object through 
the telescope. Both eyes must be open at the same 
time, and the image of the object seen through the 
telescope must be brought into apparent contact 
with the real object near at hand. But alittle prac- 
tice will soon enable any observer to perform the 
experiment with ease and correctness, if the tele- 
scope be mounted on a firm stand, and its.eleva- 
tion or depression produced by rack-work. 

The following is another method founded on 
the same principle: Measure the space occupied 
by a number of the courses, or rows of bricks in 
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a modern building, which, upon. an average, is 
found to have eight courses in ‘two feet, so that 
‘each course or row is three inches. Then cut a 
piece of paper three inches in hight, and of the 
length of a brick, which is about nine inches, so 
that it may represent a brick, and fixing the paper 
against the brick wall, place the telescope to. be 
examined at the distance of about 80 or 100 yards 
from it. Now, looking through 'the telescope at 
the paper with one eye, and at the same time, 
with the other eye, looking past the telescope, 

bserve what extent of: wall the magnified image 
of the paper appears to cover; then count the 
courses.of bricks in that extent and it will give 
the magnifying power of the telescope. It is: to 
be observed, however; that the magnifying power 
determined. in this way will be a fraction ‘greater 
than for very distant objects, as the focal distance 
of the. telescope is necessarily lengthened in order 
to obtain distinct vision of near objects. 

In comparing the magnifying powers of two 
telescopes, or of the same telescope when different 
magnifying powers are employed, I generally use 
the following simple method, The telescopes are 
placed at eight or ten feet distance from a window, 
with their eye-ends parallel to each other, or at 
the same distance-from the window. Woking at 
a distant object, I fix upon a portion of it whose 
magnified image will appear to fill exactly two or 
three: panes of the window; them, putting on a 
different power, or looking through another tele- 
scope, I observe the same object, and mark exact- 
ly the extent of its image on the window-panes, 
and compere the extent of the one image with 
the other. Suppose, for example, that: the one 
telescope has been. previously found. to magnify 
ninety times, and. that the image of the object 
fixed upon exactly fills three panes of the window, 
and that with the»other power or the other tele- 
scope the image fills exactly two panes, then the 
maghifying power is equal .to two-thirds of the 
former, or sixty times; and were it: to fill onl 
one pane, the power would be about thirty times 
A more correct method is to place at one side of 
the window a narrow board. two or three. feet 
long, divided into fifteen or twenty equal. parts, 
and observe how many of these parts appear to 
be covered by the respective image of the differ- 
ent telescopes. ‘Suppose, in the one case, ten di- 
visions to be covered by the image in a telescope 
magnifying, ninety times, and that the image 
the same object in another telescope measures § 
divisions, then. its power is found by the fo a 
proportion: 10: 90: 
magnifies 54 times. i 

Another mode which I have used for determin- 
ing, to a near approximation, the powers of tele- 
scopes, is as follows: Endeavor to find the focus 
of a single lens which is exactly equivalent to the 
magnifying power of the eyepiecey whether the 
Huygenian or the common terrestrial eyepiece. 
This may be done by taking a small lens, and 
using it as an object-glass to the eyepiece. Look- 
ing through the eyepiece to a window, and holding 
the lens at a proper distance, observe whether the 
image of one of the panes exactly coincides with 
the: pane'as seen by the naked eye; if it does, 
then the magnifying power, of the eyepiece is 
equal to that of the lens. Ifthe lens be half an 
inch in focal’ length, the eyepiece will produce 
the same magnifying power as a single lens when 
used as an eyeglass to the telescope; and the mag- 
nifying power will then be found by dividing the 
focal distance of the object-glass by that of the 
eyeglass; but if the image of the pane of glass 
does not exactly coincide with the pane as seen 
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by the other eye, then proportional parts may be 
taken by observing the divisions, of such a board 
as described above, or we may try lenses of differ- 
ent focal distances. Suppose, for exai " a 
lens two inches focal length had been used, and 
that the image of a pane covered exactly the 
space of two panes, the power of. the eyepiece is 
then equal to that of a single lens of one inch fo- 
cal distance. ; 
The following is another mode depending oh 
the same general principle. If a slip of writing- 
paper one inch long, or a disc of the same mat 
rial one inch in diameter, be placed on a black 
ground at from 30 to 50 yards’ distance from the 
object-end of the telescope, and a staff painted 
white, and divided into inches and parts*by strong 
black lines, be placed vertically near the said 
paper or disc, the eye that is directed through the 
telescope, when adjusted for vision, will see the 
magnified disc, and the other-eye, looking along 
the outside of the telescope, will observe the num- 
ber of inches and parts that the*dise projected on 
it will just cover, and as many inches as are thus 
covered will indicate the magnifying. power of the 
telescope, at the distance for which it is adjusted 
for distinct vison. “The ‘solar power, or powers 
for very distant objects, may be obtained by the 
following proportion: As the terrestrial focal 
length at the given distance is to the solar focal 
length, so is the terrestrial to the solar power. 
For example, a dise of white paper one inch in 
diameter was placed on a black board, and sus- 
pended on a wall contiguous to a vertical black 
staff that was graduated into inches by strong 
white lines, at a distance of 33 yards 214 feet, 
and when the adjustment for’ vision was made 
with a 42 inch telescope, the left eye of the ob- 
server viewed the disc projected on the staff, while 
the right eye observed that the enlarged image of 
the disc covered just 5814 inches on the staff, which 
ne r was the measure of the magnifying 
power at the distance answering to 33 yards 214 
feet, which in this case exceeded the solar focus 
by an inch and a half. Then, according to the 
above analogy, we have, as 43.5: 42: :58.5:56.5 
nearly. Hence the magnifying power due to the 
solar focal length of the telescope in question’ is 
56.5, and the distance 33 yards 216 feet, is that 
which corresponds to an elongation of the solar 
focal distance an inch and a half.* If we multi- 
y the terrestrial and the solar focal ' distances 
her, and divide the product by their dif- 
rence, we shall again obtain the distance of 
the terrestrial object from the telescope: ''Thus, 
42:5-b42_1918 inches=101.5 feet, or 33 yards 
2% feet. 
he magnifying power of a telescope is also 
determined by measuring the image which the 
object-glass or the large speculum of a telescope 
forms at its solar focus. This is accomplished by 
means of an instrument called a Dynameter. This 
apparatus consists of a strip of mother-of-pearl, 
marked with equal divisions, from the 1-100th 
to the 1-1000th of an inch apart, according to 
the accuracy required. This measure is attached 
to a magnifying lens im its focus, in order to 
make the small divisions more apparent. When 
the power of a telescope is required, the person 
must measure the clear aperture of the object- 
glass; then, holding the pearl dynameter next the 
eyeglass, let him observe how many divisions the 
small circle of light occupies when the instru- 
ment is directed to a bright object; then, by 
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dividing the diameter of the object- ‘lass by the 
diameter of this circle of light, thoiwer will be 


‘obtained.* ‘The most accurate instrument of this 


kind is the Double Dynameter, invented by 
Ramsden, and ‘anoth same principle now 
made by Dollond, a particular description of 
which may be found in Dr. Pearson’s ‘‘Introduc- 
tion to Practical Astronomy.” .The advantage 
attending these dynameters is, that they do not 
require any knowledge of the thickness and focal 
lengths of any of the lenses employed inva tele- 
scope, nor yet of their number and relative posi- 
tions; neither does it make any difference whether 
the construction be refracting or reflecting, direct 
or inverting. One operation includes the result 
arising from the most complicated construction. 
Ishall only mention further the following meth- 
od of discovering the magnifying power, which 
is founded’ on the same general’ principle as 
alluded to above. _ Let the telescope be placed in 
such a position opposite the sun that the rays of 
light may fall perpendicularly on the object-glass; 
the pencil of rays may be received on a piece of 
paper, and its diameter measured. Then, as the 
diameter of the pencil of rays is to that of the 
object-glass, so is the magnifying power of the 
telescope. ' : 
8. On cleaning the Lenses of Telescopes.—It iz 






necessary, in order to distinct. vi that the 
glasses, particularly the éyeglasses of telescopes, 
b perfectly clean, free of damp, dust, or 
Ww may impede’ the transmission of the 
rays of light; but great caution ought to be exer- 
cised in the wiping of them, as they are apt to 


be scratched or otherwise injured by a rough and 
incautious mode of cleaning them. They should 
never be attempted to be wiped unless they really 
require it; and in this case, they should be wiped 
carefully and gently with a piece of new and soft 
lamb’s-skin leather; if this be not at hand, a piece 
of fine silk paper, or fine clean linen may be used 
as a substitute: The lens which requires to be 
most particularly attended to is the second glass 
from the eye, or the field-glass; for if any dust or 
other impediment be found upon this glass, it is 
always distinctly seen, being magnified by ‘the 
glass next the eye. The next glass which re- 
quires attention is the: fourth fromm the eye, or 
that which is next the object. Unless the glass 
next the eye be very dusty, a few small spots or 
grains of dust are seldom perceptible. The obs 
ject-glass of ‘an achromatic should seldom be 
touched unless damp adheres to it. Care should 
be taken never to use pocket-handkerchief$ or 
dirty rags for wiping lenses. From the frequent 
use of such articles, the glasses of seamen’s tele- 
scopes get dimmed and scratched in the course of 
a few years. If the glasses be exceedingly dirty, 
and if greasy substances are attached to them, 
they may be soaked in spirits and water, and after- 
ward carefully wiped. In replacing the glasses 
in their socket, care should be taken not to touch 
the surfaces with the fingers, as they would be 
dimmed with the perspiration; they should be 
taken hold of by the edges only, and carefully 
screwed into the same cells from which they 
were taken. 


ON "MEGALASCOPES, OR TELESCOPES FOR VIEWING 
VERY NEAR OBJECTS. 


It appears to have been almost overlooked by 
opticians and others, that telescopes may be con- 








© The mother-of-pearl dynameter may be pu. 
about twelve shillings. See fig. 57, a, ;, ¢, a eee 
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structed so as to exhibit a beautiful and minute 


view of very near objects, and to produce even a | 


microscopic effect withou 
the arrangement of the 
composed. .This object i 
making the eyetube of a telescope of such a 
length as to be capable of being drawn out 
twelve or thirteen inches beyond the point of 
distinct vision for distant objects. The télescope 
is then rendered capable of exhibiting with dis- 
tinctness all kinds of objects from the most distant 
to those which are placed within three or four 
feet of the instrument, or not nearer than double 
the focal distance of the object-glass. Our tele- 
scopes, however, are seldom or never fitted’ with 
tubes that- slide farther than an inch or two be- 
yond the point of distinct vision for distant ob- 
jects, although a tube of a longer size than usual, 
or an additional tube, would cost but a trifling 
expense. 

The following, among many others, are some 
of the objects on which I have tried many amus- 
ing experiments with telescopes fitted up with 
the long tubes to which I allude. The'telescope to 
which I shall more particularly advert is an achro- 
matic, mounted ona pedestal, having an object-glass 
about nineteen inches focal length, and 154 ths of an 
inch in diameter, with magnifying powers for dis- 
tant objects of thirteen and twenty times. When 
this instrument is directed to a miniature portrait 
346 inches in length, placed in a good light, at the 
distance of about eight or ten feet, it appears as 
large as an oil painting four or five feet long, and 
represents the individual as large as life. The 
features of the face appear to stand out in bold 
relief; and perhaps there is no representation of 
the human figure that more resembles the livin 
prototype than in this exhibition, provided the 
miniature is finely executed. In this.case the 
tube requires to be pulled out four or five inches 
from the point of distinct vision for distant. ob- 
jects, and consequently the magnifying power is 
proportionably increased. Another class of ob- 
jects to which such a telescope may be applied is 
Perspective Prints, either of public. buildings, 
streets, or landscapes. When viewed: in this way 
they present a panoramic appearance, and seem 
nearly as natural as life, just in the same manner 
as they appear in the Optical Diagonal Machine, 
or when reflected in a large concave mirror, with 
this advantage, that while in these instruments 
the left-hand side of the print appears where the 
right should be, the objects seen through the tele- 
scope appear exactly in their natural position. In 
this case, however, the telescope should have a 
small magnifying power, not exceeding five or 
six times, so as to take in the whole'of the land- 
scape. If an astronomical eyepiece be used, the 
print will require to be inverted. 

Other kinds of objects which may be viewed 
with this instrument are trees, flowers, and other 
objectsin gardensimmediately adjacent to the apart- 
“ ment in which we make our observations. In 
this way we may obtain a distinct view of a variety 
of rural objects, which we cannot easily approach, 
such as the buds and blossoms on the tops of 
trees, and the insects with which they may be 
infested. There are certain objects on which the 
telescope may be made to produce a powerful 
microscopical effect, such as the more delicate and 
beautiful kinds of flowers, the leaves of trees, and si- 
milar objects. In viewing such objects, the telescope 
may be brought within little more than double 
the focal distance of the object-glass from the ob+ 
jects to be viewed, and then the magnifying 
power is very considerably increased. A nosegay 
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composed of a variety of delicate flowers, or even 
a single flower, such as the sea pink, makes a 
splendid appearance in this way. A peacock’s 
feather, or even the fibers on a common quill, 
appear very beautiful when placed in a proper 
light. The leaves of trees, particularly the leaf 
of the plane-tree, when placed against a window- 


‘pane, so that the light may shine through them, 


appear, in all their internal ramifications, more 
distinct, beautiful, and interesting than when 
viewed in any other way; and in such views a 
large portion of the object is at,once exhibited to 
the eye. In this case, the eyepiece of such a 
telescope as that alluded to requires to be drawn 
out twelve or fourteen inches beyond the point 
of distinct vision for objects at a distance, and the 
distance’ between these near objects and the object- 
end of the telescope is only about 314 feet. 

A telescope having a diagonal eyepiece pre- 
sentsia very pleasant view of near objects in. this 
manner. With an instrument of this kind I have 
frequently viewed the larger kind\of small objects 
alluded to above, such as the leaves of shrubs and 
trees, flowers consisting of a variety of parts, the 


fibers of a peacock’s feather, and similar objects. 
In this case, the objeet-glass of the instrument, 
which is 101% inches focal length, was brought 


within 22 inches of the object, and the eye looked 
down upon it in the same manner as when we 
view objects in a compound microscope. A com- 
mon pocket achromatic telescope may be used for 
the purposes now stated, provided the tube in the 
eyepiece containing the two lenses next the object 
be taken out, in which case the two glasses next 
the eye form’ an astronomical eyepiece, and the 
tubes may be drawn out five or six inches beyond 
the focal point for distant objects, and will pro- 
duce distinct vision for objects not farther distant 
than about 20 or 24 inches; but in this case, the 
objects to be viewed must be inverted, in order 
that they may be seen in their natural positions 
when viewed through the instrument. Telescopes 
of a large size and high magnifying powers may 
likewise be used with advantage for viewing very 
near objects in gardens adjacent to the room in 
which the instruments are placed, provided the 
sliding tube next the eye has a range of two or 
three inches beyond the point of vision for distant 
objects. In this case; a magnifying power of 100 
times on a 31 or a five feet achromatic produces 
a very pleasant effect. In making the obse ng 
tions to which I have now alluded, it is requi A 
in order to distinct vision, and to obtain pape - 
ing view of the objects, that the instrument should 
be placed on a pedestal, and capable of motion 
in every direction. The adjustment for distinct 
vision may be made either by the sliding tube, or 
by removing the telescope nearer to or farther 
from the object. 


REFLECTIONS ON LIGHT AND VISION, AND ON THE 
NATURE AND UTILITY OF TELESCOPES. 


‘Light is one of the most wonderful and benefi- 
cial, and, at the same time, one of the most mys- 
terious agents in the material creation. Though 
the sun from which it flows to this partof our 
system is nearly a hundred millions of miles from 
our globe, yet we perceive it as evidently, and feel 
its influence as powerfully, as if it emanated 
from no higher a region than the clouds. It sup- 
plies life and comfort to our physical system, and 
without its influence and operations on the vari- 
ous objects around us, we could scarcely subsist 
and participate of enjoyment for a single hour. 
It is diffused around us on every hand from its 
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fountain, the sun; and even the stars, though at 
a distance hundreds of thousands of ti 
than that of the solar orb, transmit t¢ 
region a portion of this element. It gin 
and fertility to the earth, it supports t 
ble and-animal tribes, and is connected with the 
various motions which are going forward through- 
out the system.of the universe. . It unfolds to us 
the whole scenery of external nature; the lofty 
mountains and the expansive plains, the majeStic 
rivers and the mighty ocean; the trees, the 
flowers, the crystal streams, and the vast canop 
of the sky, adorned with ten thousands of shin- 
ing orbs. In short, there is scarcely an object 
within the range of our contemplation but what 
is exhibited to our understanding through the 
medium of light, or at least bears a.certain, rela- 
tion to. this enlivening and universal agent. 
When we consider the extreme minuteness of the 
rays of light, their inconceivable velocity, the in- 
variable laws by which they act upon all bodies, 
the multifarious phenomena produced by their 
inflections, refractions, and reflections, while their 
original properties remain the same; the endless 
of colors they produce on every part of 
rrestrial creation, and the facility with which 
millions of rays pass through the smallest aper- 
tures, and pervade substances of great density, 
while every ray. passes forward in the crowd 
without disturbing another, and produces its own 
specific impression, we cannot but regard this 
element as the most wonderful, astonishing, and 
delightful part of the material creation. When 
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we consider the admirable beauties and the ex- 
quisite pleasures of which light is the essential 
source, and how much its nature is still involved 
in mystery, notwithstanding the profound inves- 
tigations of modern philosophers, we, may well 
exclaim with the poet, 


me : 


. 


‘ How then shall I attempt to sing of Him 
Who, light himself, in uncreated light 
Invested deep, dwells awfully retired 
From mortal eye or'angel’s purer ken; 
Whose single smile has, from the first of time, 
Filled, overflowing, all._yon lamps of heaven, 
That beam forever through the boundless sky.”” 

THomson. 


The eye is the instrument by which we per- 
ceive the beautiful and multifarious effects of this 
universal agent. Its. delicate and complicated 
structure ; its diversified muscles; its coats and 
membranes; its different humors, possessed of 
different refractive powers; and the various con- 
trivances for performing and regulating its ex- 
ternal and internal motions, so as to accomplish 
the ends intended, clearly demonstrate this organ 
to be a masterpiece of Divine mechanism—the 
workmanship of Him whose intelligence sur- 
passes conception, and whose wisdom is un- 





searchable. Our sight,’’ says Addison, “is the 
most perfect and delightful of all our senses. It 
fills the mind with the largest variety of Was, 
converses with its objects at the greatest distance, 
and continues the longest in action, without 
being tired or satiated with its proper enjoyments. 
The sense of feeling can indeed give us a notion 
of extension, shape, and all other ideas that enter 
the eye except colors; but, at the same time, it is 
very much strained, and confined in its operation 
to the number, bulk, and distance of its particu- 
lar objects. Our sight seems designed to'supply all 





these defects,and may be considered as a more deli- 
cate and diffusive kind of touch, that spreads itself 
over an infinite multitude of bodies, comprehends 
the largest figures, and brings into our reach 
some of the more remote parts of the universe.?? 
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Could we suppose an order of beings indued 
with every human te but that of sight, it 
would appear incredible to such beings, accus- 
information of touch, 
that by the addition of an organ consisting of a 
ball. and so¢ket, of an inch in diameter, they 
might be enabled, in an instant of time, without 
changing their place, to perceive the disposition 
of a whole army, the order of a battle, the figure 
of a magnificent palace, or all the variety of a 
landscape. If a man were by feeling to find out 
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| the figure of the Peak of Teneriffe, or even of 


St. Peter’s Church at Rome, it would be the 
work of a lifetime. It would appear: still more 
incredible to such beings as we have supposed, 
if they were informed of the discoveries which 
may be made by this little organ in things far. be- 
yond the reach of any other sense, that by means 
of it we can, find our way in the. pathless ocean; 
that we can traverse the globe of the earth, deter- 
mine its figure and dimensions, and delineate 
every region of it; yea, that we can measure the 
planetary orbs, and make discoveries in the sphere 
of the fixed stars.. And if they were further in- 
formed that, by means of this same organ, we can 
perceive the tempers and dispositions, the passions 
and affections of our fellow-creatures, even when 
they want most to conceal them; that when the 
tongue is taught most artfully to lie and dissem- 
ble, the hypocrisy should appear in the countenance 


toa discerning eye; and that by this organ we 


can often perceive what is straight and what 
crooked in the mind as well as in the body, would 
it not appear still more astonishing to beings such 
as we have now supposed ?* 

Notwithstanding these wonderful properties of 
the organ of vision, the eye, when unassisted by 
art, is.comparatively limited in the range of its 
powers. It cannot ascertain the existence of cer- 
tain objects at the distance of three-or four miles, 
nor perceive what is going forward in nature or 
art, beyond sucha limit. By its natural powers 
we perceive the moon to be a globe about half a 
degree in diameter, and diversified with two or 
three dusky spots, and that the sun is a luminous 
body of apparently the same size; that the planets 
are luminous. points, and that about a thousand 
stars exist in the visible canopy of the sky. But 
the ten thousandti part of those luminaries which 
are withinithe reach of human vision can never 
be.seen by the unassisted: eye. Here the TELE- 
score jnlerposes, and adds a new power to the 
organ of vision, by which it is enabled to extend 
its views to regions of space immeasurably dis- 
tant, and to objects, the number and magnitude 
of which could never otherwise have been sur- 
mised by the human imagination, By its aid we 
obtain. a sensible, demonstration that spaee is 
boundless; that the universe is replenished with 
innumerable suns and worlds; that the remotest 
regions of immensity, immeasurably beyond the 
limits of unassisted vision, display the energies of 
Creating Power; and that the empire of the 
Creator extends far beyond what eye hath seen or 
the human imagination can conceive. 

The telescope is an instrument of a much more 
wonderful nature than what most people are apt 
to imagine. However popular such instruments 
now are, and however common a circumstance 
it is to contemplate objects at a great distance 
which the naked eye cannot discern, yet, prior 
to their invention and improvement, it would 
have appeared a thing most mysterious, if not im- 
possible, that objects at the distance of ten miles 





* Reid's Inquiry into the Human Mind, chap, iv 
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REFLECTIONS OF LIGHT AND VISION. 


could be made to appear as if within a few yards 
of us, and that‘some of the heavenly bodies could 
be seen as distinctly as if we had been transported 
by some superior powe ae of millions of 
miles beyond the bou our terrestrial habita- 
tion: Who could ever have imagined, reasoning 
@ priori, that the refraction of light in glass—the 
same power by’ which a straight rod appears 
crooked in water, by which vision is variously 
distorted, and by which we are liable to innumer- 
able deceptions—that that same power or law of 
nature, by the operation of which the objects in 
a landscape appear distorted when seen through 
certain pares of glass in our windows, that that 
power should ever be so modified and directed as 
to extend the boundaries of vision, and enable us 
clearly to distinguish scenes and objects at a dis- 
tance a thousand times beyond the natural limits 
of our visual organs? Yet such are the dis- 
coveries which science has achieved, such the 
powers it has brought to light, that by glasses 

' ground into different forms, and properly adapted 
to each other, we are enabled, as it were, to con- 
tract the boundaries of space, to penetrate-into the 
most distant regions, and to bring’ within the 
reach of our knowledge the most sublime objects 
‘in the universe. 

When Pliny declared in reference to Hippar- 
chus, the ancient astronomer, “ Ausus rem Deo 
improbam annumerare posteris stellas,” that ‘he 
dared to enumerate the stars for posterity, an un- 
dertaking forbidden by God,” what would that 
natural historian have said had, it been foretold 
that in less than 1600 years afterward a man 
would arise who should enable posterity to per- 
ceive and to enumerate ten times more new stars 
than Hipparchus ever beheld—who should point 
out higher mountains on the moon than on the 
earth—who should discover dark spots as large as 
our globe in the sun, the fountain of light—who 
should descry four moons revolving in different 
periods of time around the planet Jupiter, and 
could show to surrounding senators the varying 
phases of Venus ? and that another would soon 
after arise who should point out a double ring of 
six hundred thousand miles in circumference re-" 
volving around the planet Saturn, and ten hun- 
dreds of thousands of stars which neither Hip- 
parehus nor any of the ancient astronomers could 
ever descry? Yet these are only a small portion 
of the discoveries made by Galileo and Herschel 
by means of the telescope. Had any one pro- 
phetically informed Archimedes, the celebrated 
geometrician of Syracuse, that vision would, in 
after ages, be thus wonderfully assisted by art; 
and, further, that one manner of improving vision 
would be to placea dark, opaque body directly he- 
tween the object and the eye; and that another 
method would be, not to look at the object, but to, 
keep the eye quite ina different, and even in an 
opposite direction, or to stand with the back di- 
rectly opposed to it, and to behold all the parts of 
it, invisible to the naked eye, most distinctly in 
this way, he would doubtless have ‘considered the 
prophet as an enthusiastic fool or a raving mad- 
man. Yet these things have ‘been realized in 
modern times in the fullest extent. In the Gre- 
gorian reflecting telescope, an opaque body, 
namely, the small speculum near the end of the 
tube, interposes directly between the eye and the 
object. In the Newtonian reflector, and in the 
diagonal eyepieces formerly described, the eye is 
directed in a line at right angles to the object, or 
a deviation of 90 degrees from the direct line of 
vision. In Herschel’s large telescopes, and in the 
Aerial Reflector, formerly described (in pp. 88-92), 
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oming difidence in our own powers; 
and they should admonish us not to be too dog- 
matical or peremptory in affirming what is possi- 
ble or impossible in regard either to nature or art, 
or to the operations of the Divine Being. Art 
has accomplished, in modern times, achievement, 
in regard to locomotion, marine and aerial naviga- 
tion, the improvement of vision, the. separation 
and combinations of invisible gases, and numer- 
ous other objects, of which the: men of former 
ages could not have formed the least conception; 
and even yet we can set no boundaries to the 
future discoveries of ‘science and the improve- 
ments ‘of art, but have every reason to indulge the 
hope that, in the ages to come, scenes. of Divine 
mechanism in the system of nature will be ‘un- 
folded, and the effects of chemical and mechani- 
cal powers displayed, of which the human mind, 
in its present state of progress, cannot form the 
most imperfect idea. ‘Such circumstances like- 
wise should teach us not to reject any intimations 
which have been made to us in re to the 
character, attributes, and dispensat of the 
Divine Being, and the moral revelations of his 
will given in the Sacred Records, because we are 
unable to comprehend every truth and to remove 
every difficulty which relates to the moral govern- 
ment of the Great Ruler of the universe; for if 
we meet with many circumstances in secular 
science, and even in the common operations of 
nature, which are difficult to comprehend—if even 
the construction of such telescopes as we now 
use would have appeared an incomprehensible 
mystery to ancient philosophers, we must expect 
to find difficulties almost insurmountable to’ such 
limited minds as ours in the eternal plans and 
moral arrangements of the “ King Immortal and 
Invisible,’’ as delineated only in their outlines in _ 
the Sacred Oracles, particularly those which re- 
late to the origin of physical and moral evil, the 
ultimate destiny of man, and the invisible reali- 
ities of a future world. 

The utixity of the telescope may be considered 
in relation to the following circumstances: 

In the ‘first place, it may be considered as an 
instrument or machine which virtually transports 
us to the distant regions of space. When we 
look at the moon through a telescope which mag- 
nifies 200 times, and survey its extensive plains, 
its lofty peaks, its circular ranges of mountains, 
throwing their deep shadows over the vales, its 
deep and rugged caverns, and all the other varie- 
ties which appear on the lunar surface, we behold 
such’ objects in the same manner as'if we were 
standing at a point 238,800 miles from the earth 
in the direction’ of the moon, or only twelve 
hundred miles'from that orb, reckoning its distance 
to be 240,000 miles.- When we view the planet 
Saturn with a similar instrument, and obtain a 
view of its belts and satellites, and its magnificent 
rings, we are transported, as it were, through 
regions of space to a point in the heavens more 
than nine hundred millions of miles from the sur- 
face of our globe, and contemplate those august 
objects as if we were placed within five millions 
of miles of the surface of that planet.* Although 








* The distance of Saturn from the sun is 906,000,000 of 
miles; it is sometimes nearer to, and at other times farther 
from the earth, according as it is neanthe point of its oppo- 
sition to, or conjunction with, the sun, If this number be 
divided by 200 hundred, the supposed meegnifying power of 
the telescope, the quotient is 4,520,000, which expresses the 
distance in miles at which it enables us to contemplate this 
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a supernatural power msi to carry us in 
such a celestial journey a thousand miles every 
day were exerted, it would require n 
two thousand four hundred and sixty years be- 
fore we could arrive at sucha distant position; 
yet the telescope, in a few moments, transports 
our visual powers to that far distant point of 
space. When we view with such an instrument 
the minute and very distant clusters of stars 
in the Milky Way, we are carried, in effect, 
through the regions of space to the distance of 
five hundred thousand millions of miles from the 
earth; for we behold those luminaries through 
the telescope nearly as if they were.actually 
viewed from such a distant point in the spaces 
of the firmament. These stars cannot .be con- 
ceived as less than a hundred billions of miles 
from our globe, and the instrument we have sup- 
posed brings them within the two hundredth part 
of this distance. Suppose we were carried for- 
ward by a rapid motion toward this point at the 
rate of a thousand miles every hour, it would re- 
quire more than fifty-seven thousand years before 
we could reach that very distant station in space 
1 the telescope, in effect, transports us: so 
1 ument is far more efficient in open- 
ing to our view the scenes of the universe, than 
if we were invested with powers of locomotion 
to carry us through the regions of space with 
the rapidity of a cannon ball at its utmost ve- 
locity; and all the while we may sit at ease in 
our terrestrial apartments. , 

In the next place, the telescope has been the 
means of enlarging our views of the sublime scenes 
of creation more than any other instrument which 
art has contrived. Before the invention of this 
instrument, the universe was generally conceived 
as circumscribed within very narrow limits. The 
earth was considered as one of the largest bodies 
in creation; the planets were viewed as bodies of 
a far less size than what they are now found to 
be; no bodies similar to our moon were suspected 
as revolving around any of them; and the stars 
were supposed to. be little more than a number 
of brilliant lamps hung up to emit a few glimmer- 
ing rays, and to adorn the canopy of our earthly 
habitation. Such a wonderful phenomenon as the 
ring of Saturn was never once suspected,.and the 
sun was considered as only a large ball of fire. 
It was suspected, indeed, that the moon was di- 
versified with mountains and vales, and that. it 
might possibly be a habitable world; but nothing 
certainly could be determined on this point, on 
account of the limited nature of unassisted vision. 
But the telescope has been the means of expand- 
ing our views of the august scenes of creation 
to an almost unlimited extent: it has withdrawn 
the vail which formerly interposed to. intercept 
our view of the distant glories of the sky: it has 
brought to light five new planetary bodies, un- 
known to former astronomers, one of which is 
more than eighty times larger than the earth, and 
seventeen. secondary planets which revolve around 
the primary: it has expanded the dimensions of 
the solar system to double the extent which was 
formerly supposed: it has enabled us to descry 
hundreds of comets which would otherwise have 
escaped our unassisted vision, and to determine 
some of their trajectories and periods of revolu- 
tion: it has explored the profundities of the Milky 
Way, and enabled us to perceive hundreds of 
‘thousands of those splendid orbs, where scarcely 










planet. If this number be subtracted from 906,000,000, 
the remainder is 901,470,000, which expresses »the ‘number 
of miles from the earth at which we are supposed to view 
Satorn with such an instrument. 
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one is visible to the naked eye: it has laid open 
to our view thousands of Nebule, of various de- 
scriptions, dispersed through different regions 
f them containing thou- 
sands of separate stars it has directed our inves- 
tigations to thousands of double, treble, and mul- 
tiple stars—suns revolving around suns, and sys- 
tems around systems; and has enabled us to 
determine someof the periods of their revolu- 
tions: it has demonstrated the immense distances 
of the starry orbs from, our globe, and their 
consequent magnitudes, since it shows us. that, 
having brought them nearer to our view by 
several hundreds or thousands of times, they still 
appear only as so many shining points: it has en- 
abled us to perceive that mighty changes are 
going forward throughout the regions of immen- 
sity—new stars appearing, and others removed 
from our view, and motions of incomprehensible 
velocity carrying forward those magnificent orbs 
through the spaces of the firmament: in short, it 
has opened a vista to regions of space so im- 
measurably distant, that a cannon ball impelled 
with its greatest velocity would not reach tracts 
of creation so remote in two thousand millions of 
years ; and even light itself, the swiftest body in 
nature, would, require more than a thousand 
years before it could traverse this mighty inter- 
val. It has thus laid a foundation for our acquir- 
ing an approximate idea of the infinity of space, 
and for obtaining a glimpse of the far distant 
scenes of creation, and the immense extent of the 
universe. <P 
Again, the telescope, in consequence of the dis- 
coveries it has enabled us to make, has tended to 
amplify our conceptions of the attributes and the em- 
pire of the Deity. ‘The amplitude of our concep- 
tions of the Divine Being bears a certain propor- 
tion to the expansion of our views in regard to 
his works of creation, and the operations he is in- 
cessantly carrying forward throughout the uni- 
verse. If our views of the works of God, and of 
the manifestations he has given of himself to his 
intelligent creatures, be circumscribed_to a narrow 
sphere, as to a parish, a province, a kingdom, or 


a single world, our conceptions of that Great Be- 


ing will be proportionably limited; for it is chiefly 
from the manifestation of God in the material 
creation that our ideas of his power, his wisdom, 
and his other natural attributes are derived. But 
in proportion to the ample range or prospect we 
are enabled to take of the operations of the Most 
High, will be our conceptions of his» character, 
attributes, and agency. Now the telescope, more 
than any other invention of man, has tended to 
open to our view the most magnificent and exten- 
sive prospects of the works of God; it has led us 
to ascertain that, within the limits of the solar 
system, there are bodies which, taken together, 
comprise a mass of matter nearly two thousand 
five hundred times greater than that of the earth; 
that these bodies are all constituted and arranged 
in such a manner as to fit them for being habitable 
worlds; and that the sun, the center of this sys- 
tem, is five hundred times larger than the whole. 
But, far beyond the limits of this system, it has 
presented to our view a universe beyond the grasp 
of finite intelligences, and to which human imu- 
gination can assign no boundaries: it has enabled 
us to descry suns clustering behind suns, rising 
to view in boundless perspective, in proportion to 
the extent of its magnifying and illuminating 
powers, the numbers of which are to be estimat- - 
ed, not merely by thousands, and tens of thousands, 
and hundreds of thousands, but by scores of mil- 
lions; leaving us no room to doubt that hundreds 
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of millions more beyond the utmost limits of hu- 
man vision, even when assisted by art, lie hid from 
mortal view in the unexplored and unexplorable 
regions of immensity. pes 

flere, then, we are presen ed with a scene which 
gives us a display of Omnipotent Power which no 
other objeets can unfold, and which, without the 
aid of the telescope, we should never have beheld; 
a scene which expands our conceptions of the 
Divine Being to an extent which the men of for- 
mer generations could never have anticipated; a 


scene which enables us to form an approximate 


idea of Him who is the “King Eternal, Immor- 
tal, and Invisible,?? who “created all worlds, and 
for whose pleasure they are and were created.”’ 
Here we behold the operations of a Being whose 
power is illimitable and uncontrollable, and which 
far transcends the comprehension of the ‘highest 
created intelligences; a power, displayed not only 
in the vast extension of material existence, and 
the countless number of mighty globes which the 
universe contains, but in the astonishingly rapid 
motions with which myriads of them are carried 
along through the immeasurable spaces of crea- 
tion, some of those magnificent orbs moving with 
a velocity of one hundred and seventy thousand 
miles an hour. Here, likewise, we have a display 
of the infinite wisdom and intelligence of the Di- 
vine, Mind, in the harmony and order with which 
all the mighty movements of the universe are con- 
ducted; in proportionating the magnitudes, mo- 
tions, and distances of the planetary worlds; in 
the nice adjustment of the projectile velocity to 
the attractive power; inthe constant proportion 
between the times of the periodical revolution of 
the planets and the cubes of their mean distances; 
in the distances of the several planets from the 
central body of the system, compared with their 
respective densities; and in the constancy and re- 
gularity of their motions, and the exactness with 
which they aecomplish their destined rounds—all 
which circumstances evidently show that He who 
contrived the universe is “the only wise God,” 
who is wonderful in counsel and excellent in 
working.” Here, in fine, is a display of bound- 
less benevolence; for we cannot suppose, for a 
moment, that so many myriads of magnificent 
lobes, fitted to be the centers of a countless num- 
e of mighty worlds, should be nothing else than 
barren wastes, without the least relation to intel- 
ligent existence; and if they are peopled with in- 
~ tellectual beings of various orders, how vast must 
be their numbers, and how overflowing that Di- 
vine Beneficence which has provided for them all 
eyerything requisite to their existence and hap- 
piness. 
In these discoveries of the telescope we obtain 
a glimpse of the grandeur and the unlimited ex- 
tent of God’s universal empire. To this empire 
no boundaries can be perceived. The larger and 
the more powerful our telescopes are, the farther 
are we enabled to penetrate into those distant and 
unknown regions; and however far we penetrate 
into the abyss of space, new objects of wonder 
and magnificence still continue rising to our view, 
affording the strongest presumption that, were we 
to penetrate ten thousand times farther into those 
remote spaces of immensity, new suns, and sys- 
tems, and worlds would be disclosed to our view. 
Over all this vast assemblage of material exist- 
ence, and over all the sensitive and intellectual 
beings it contains, God eternally and unchangea- 
bly presides; and the minutest movements, either 
of the physical or the intelligent system, through- 
out every department of those vast dominions, 
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omniscient eye. . y hat boundless intelligence is 
implied in the superintendence and arrangement of 

the affairs of such an unlimited empire! and what 

a lofty and expansive idea does it convey of Him 

who sits on the throne of Universal Nature, and 

whose greatness is unsearchable! But without 

the aid of the telescopic tube we could not. have 

formed such ample conceptions of the greatness, 

either of the Eternal Creator himself, or of the 
universe which he hath brought into existence. 

Beside the above, the following uses of the tele- 
scope, in relation to science and common life, 
may be shortly noticed: 

In the business of astronomy, scarcely anything 
can be done with accuracy without the assistance 
of the telescope. 1. It enables the astronomer to 
determine with precision the transits of the planets 
and stays across the meridian; and on the accu- 
racy with which these transits are obtained, a va- 
riety of important conclusions and calculations 
depend. The computation of astronomical and 
nautical tables for aiding the navigator in his 
voyages round the globe, and facilitating his cal- 
culations of latitude and longitude, i 
from observations made by the telescop 
the use of which instrument they ca n 
with precision; 2. The apparent diameters of the 
planets can only be measured by means of this in- 
strument, furnished with a micrometer. By the 
naked eye no accurate measurements of the dia- 
meters of these bodies can be taken; and without 
knowing their apparent diameters in minutes or 
seconds, their real bulk cannot be determined, 
even although their exact distances be known. 
The differences, too, between the polar and equa- 
torial diameters cannot be ascertained without ob- 
servations made by powerful telescopes. For ex- 
ample, the equatorial diameter of Jupiter is found 
to be in proportion to the polar as 14 to 13, that 
is, the equatorial is more than 6000 miles longer 
than the polar diameter, which could never have: 
been determined by observations made by the na- 
ked eye. 3. The parallaxes of the heavenly 
bodies can only be accurately ascertained by the 
telescope; and it is only from the knowledge of 
their parallaxes that their distances from the earth 
or from the sun can be determined. In the case 
of the fixed stars, nothing of the nature of a pa- 
rallax could ever be expected to be found without 
the aid of a telescope. It was by searching for 
the parallax of a certain: fixed star that the im- 
portant fact of the Aberration of Light was dis- 
covered. The observations for this purpose were 
made by means of a telescope 24 feet long, fixed 
in a certain position. 4. The motions and revo- 
lutionary periods of Sidereal Systems can only ba 
determined by observations made by telescopes of 
great magnifying and illuminating powers. With- 
out a telescope the small stars which accompany 
double or treble stars cannot be perceived, and 
much less their motions or variation of their rela- 
tive positions. Before the invention of the tele- 
scope, such phenomena, now deemed so wonderful 
and interesting, could never have been surmised. 
5. The accurate determination of the longitude 
of places on the earth’s surface is ascertained by 
the telescope, by observing with this instrument 
the immersions and emersions of the satellites of 
Jupiter. From such observations, with the aid of 
a chronometer, and having the time at any known 
place, the situation of any unknown place is 
easily determined. But the eclipses of Jupiter’s 
moons can be perceived only by telescopic instru- 
ments of considerable power. 6. By means of a 
telescope with cross hairs in the focus of the eye- 






are at every moment “naked and open” to his! glass, and attached to a quadrant, the altitude of 
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the sun or of a star, ie the pole-star, 
may be most accurately taken and from such ob- 
servations the latitude of the place may be readily 
and accurately deduced. 

Again, in the Surveying of Land, the telescope 
is particularly useful; and for this purpose it is 
mounted on a stand with a horizontal and vertical 
motion, pointing out by divisions the degrees and 
minutes of inclination of the instrument. For 
the more accurate reading of these division’, the 
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Station.—This depends upon the increase of the 

focal distance of the telescope in the case: of near 
| objects. Look through a telesqgope at the object 
whose distance is required, and adjust the focus 
until it appear quite distinct; then slide in’ the 
drawer until the object begins to be obscure, and 
mark that place of the tube precisely; next draw 
out the tube until the object begins to be again 
obscured, and then make another mark as before; 
then take the middle point between these two 


two limbs are furnished with a nonius, or Ver-| marks, and that will be the point where the image 


nier’s Scale. The object here is to take the an 

gular distances between. distant objects on a plane 
truly horizontal, or else the angular elevation or 
depression of objects above or below the plane of 
the horizon. In order to obtain either of those 
kinds of angles to a requisite degree of exactness, 
it is necessary that the surveyor should have as 
clear and distinct a view as possible of the ob- 
jects, or station-staves, which he fixes up for his 
purpose, that he may with the greater certainty 
determine the point of the object’ which exactly 
corresponds with the line he is taking. Now, as 
such objects are gencrally at too great a distance 
for thi eyor to be able to distinguish with the 
nake he takes the assistance of the telescope, 
by which he obtains, 1, a distinct view ‘of the ob- 
ject to which his attention is directed, and, 2, he 
is enabled to determine the precise point of the 
object aimed at by means of the cross hairs in the 
focus of the eyeglass. A telescope mounted for 
this purpose is called a T'heodolile, which ‘is de- 
rived from two Greek words, 4:24, to see, and 
dos, the way or distance. 

In the next place, the telescope is an instrument 
of special importance in the conducting of Tele- 
graphs, and in the conveyance of signals of all 
descriptions. Without its assistance telegraphic 
dispatches could not be conveyed with accuracy 
to any considerable distance, nor in quadruple the 
time in which they are now communicated, and 
the different stations would need to be exceedingly 
numerous; but, by the assistance of the telescope, 
information may be communicated, by a'series of 
telegraphs, with great rapidity. ‘Twenty-seven 
telegraphs convey information from Paris to Ca- 
lais, a distance of 160 miles, in three minutes} 
twenty-two, from Paris to Lisle, in two minutes; 
forty-six, from Strasburg to Paris, in four and a 
half minutes; and eighty, from Paris to Brest, in 
ten minutes. In many other cases which occur 
both on land and sea, 'the telescope is essentially 
requisite for desctying signals. The Bell-Rock 
LAghthouse, for example, is situated twelve miles 
from Arbroath, and from every other portion of 
land, so that the naked eye could not discern any 
signal which the keepers of that light could have 
it in their power to make; but by means of a 
large telescope in the station-house in Arbroath, 
the hoisting of a ball every morning at 9, a. r1., 
which indicates that “ All is’ well,’ may be dis- 
tinctly recognized. 

Many other uses of this instrument, in the or- 
dinary transactions of life, will readily occur to 
the reader, and therefore I shall only mention the 
following purpose to which it may be applied, 
hamely, 

To measure the Distance of an Object from one 


of the object is formed most distinetly, which is 
to be nicely measured from the object-lens, and 
compared with the solar focus of the lens or tele- 
scope, so as to ascertain: their ‘difference. And 
the rule for finding the’distance is: as the differ- 
ence between the focal distance of the object and 
the solar focal distance is to the solar focal dis- 
tance, so is the focal’ distance of the object to its 
true distance from the object-lens. An example 


will render this matter more perspicuous : 





Fig. 84. 
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Let AB (fig. 84) be the object-lens, H Y the 
eyeglass, F' C the radius, or focus of the lens A B, 
and Cf the focal distance of the object O B, 
whose distance is to be measured. NoW suppose 
C F=48 inches, or four feet, and that we find by 
the above method that Cf is 50 inches, then FP f 
is two inches; and the analogy is, as F f==2 is to 
C F=A8, so is C f—50 to C Q—1200 inches, or 
100 feet. Again, suppose ¢ f—49 inches, then 
wili F f—1 inch; and the proportion is, 1:48 
: 149 : 2352—Q C, or 196 feet. A telescope of 
this focal length, however, »will measure only 
small distances. But suppose A B a lens whose 
solar focus’is 12 feet, or 144 inches, and that we 
find by the above method that C f, or the focal dis- 
tance of the object, is 146 inches, then will Ff 
be two inches, and the proportion will be as 2: 
144: : 146; 21024 inches, or 1752 feet—the dis- 
tance QC. If with such a large tetescope we 
view an object O B, and find # f but 1-10th of 
an inch, this will give the distance of the object 
as 17,292 feet, or nearly 314d miles. 

Since the difference between the radius of the 
object-lens and the focal distance of the object is 
‘so considerable as two inches in a tube of four 
feet, and more than twelve inches in one of twelve 
feet, a method might be contrived for determining 
the distance of near objects by the former, ‘and 
more distant objects by the latter, by inspection 
only. This may be done by adjusting or drawing 
a spiral line round the drawer or tube through the 
two-inch space in the small telescope, and by cal- 
culation graduate it for every 100 feet and the in- 
termediate inches, and then, at the same time we 
view an object, we may see its distance on the 
tube. In making such experiments, a common 
object-glass of a long focal length, and a single 
eyeglass, are all that is requisite, since the inverted 
appearance of the object can cause no great in- 
convenience. 
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ON THE METHOD OF GRINDING AND POLISHING OPTICAL LENSES AND 


3 


SPECULA. 


I oricinatxy intended to enter into particular 
details on this subject for the purpose of gratifying 
those mechanics and others who wish to amuse 
themselves by constructing telescopes and other 
optical instruments for their own use; but, having 
dwelt so long on the subject of telescopes in the 
preceding pages, I am constrained to confine my- 
self to a very general sketch. 

1. To grind and polish Lenses for Eyeglasses, 
Microscopes, §c.—First provide an upright spindle, 
at the bottom of which a pulley is fixed, which 
must be turned by a'whecl by means of a cord 
and handle. At the top of the spindle make a 
screw the same as a lathe-spindle, on which you 
may screw chocks of different sizes, to which the 
brass tool in which the lens is to be ground ma 
be fixed. Having fixed upon the breadth and fo- 
cal length of the lens, and whether it is to bea 
plano or a double convex, take a piece of tin-plate 
or sheet copper, and with a pair of compasses 
draw an arch upon its surface, near one of its ex- 
tremities, with a radius equal to the focal distance 
of the lens, if intended to be ‘double: convex, or 
with half that distance if it isto be plano-convex. 
Remove with a file that part of the copper which 
is without the circular arch, and then a convex 
gauge is formed. With the same radius strike 
another arch, and haying removed that part of 
the copper which is within it, a concave gauge will 
be obtained. The, brass tool in which the glass 
is to be ground is then to be fixed upon a turning- 
lathe, and turned into a portion of a concave 
sphere, so as to correspond to the convex gauge. 
In order to obtain an accurate figure to the con- 
cave tool, a convex tool of exactly the same radius 
is generally formed, and they are ground one upon 
another with flour of emery, and when they ex- 
actly coincide they are fit for use. The convex 
tool will serve for grinding concave glasses of the 
same radius; and it should be occasionally ground 
in the concave tool to prevent it from altering its 
figure. : 

The next thing to be attended to is to prepare 
the piece of glass which is to he ground, by chip- 
ping it ina circular shape by means of a large 
pair of scissors, and removing the roughness from 
its edges by a common grindstone. The faces 
of the glass near the edges should likewise be 
ground on the grindstone until they nearly fit the 
concave gauge, by which the labor of grinding in 
the tool will be considerably saved. The next 
thing required is to prepare the emery for grind- 
ing, which is done in the following manner: Pro- 
vide four or five clean earthen vessels: fill one of 
them with water, and put into ita pound or half 
a pound of-fine emery, and stir it about with a 
stick; after which, let it stand three or four 
seconds, and then pour it into another vessel, 
which may stand about ten seconds: then pour it 
off again into the several vessels until the water 
is quite clear, and by this means emery of differ- 
ent degrees of fineness is obtained, which’ must 











be kept separate from each other, and worked in 
their proper order, beginning at the first, and 
working off all the marks of the grindstone; then 
take of the second, next of the ‘third, &c., holding 
the glass upon‘the pan or tool with a light hand 
when it comes to be nearly fit for polishing. The 
glass, in this operation, should be cemented to a 
wooden handle by means of pitch or other strong 
cement. After the finest emery has been used, 
the roughness which remains may be taken away, 


and a slight polish given, by grinding the glass 
with pounded pumice-stone. Before proceeding 
to the polishing, the glass should be ground as 
smooth as possible, and all the scratches erased, 
otherwise the polishing will become a tedious pro- 
cess. The polishing is performed as'follows: Tie 
a piece of linen rag or fine cloth about the tool, 
and with fine putty (calcined tin) or coleothar of 
vitriol (a very fine powder, sometimes called the 
red oxide of iron), moistened with water, continue 
the grinding motion, and in a short time there 
will be an excellent polish. 

In order to grind lenses very accurately for the 
finest optical purposes, particularly object-glasses 
for telescopes, the concave tool is firmly fixed to 
a table or bench, and the glass wrought upon it 
by the hand with circular strokes, so that its cen- 
ter may never go beyond the edges of the tool. 
For every six or seven circular strokes, the glass 
should receive two or three cross ones along the 
diameter of the tool, and in different directions; 
and, while the operation is going on, the convex 
tool should, at the end of five minutes, be wrought 
upon the concave one for a few seconds, in order 
to preserve the same curvature to the tools and to 
the glass. The finest polish is generally given in 
the following way: Cover the concave tool with a 
layer of pitch, hardened by the addition of a little 
resin, to the thickness of 1-15th of an inch; then, 
Having taken a piece of thin writing paper, press 
it upon the surface of the pitch with the convex 
tool, and pull the paper quickly from the pitch 
before it has adhered to it; and if the surface of 
the pitch is marked everywhere with the lines of 
the paper, it will be truly spherical. If any paper 
remains on the surface of the pitch, it may be 
rubbed off by soap and water; and if the marks 
of the paper should not appear on any part of if, 
the operation must be repeated until the polisher 
or bed of pitch is accurately spherical. The glass 
is then to be wrought on the polisher by circular 
and cross strokes with the putty or colcothar 
until it has received a complete polish. When one 
side is finished, the glass must be separated from 
its handle by inserting the point of a knife be- 
tween it and the pitch, and giving it a gentle 
stroke. The pitch which remains upon the glass 
may be removed by rubbing it with a little oil, or 
spirits of wine. The operation of polishing on 
cloth is slower, and the polish less perfect than on 
pitch; but it isa mode best fitted for those who 
have little experience, and who would be apt, in 
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the first instance, to injure the figure of the lens 
by polishing it ona bed of piteh, | | 

2. On the method of casting and grinding the 
Specula of Reflecting Telescopes—The first thing 
to be considered in the formation of reflecting 
telescopes is the composition of the metal of which 
the specula are made. The qualities required are, 
a sound, uniform metal, free from all micro- 
scopic pores, not liable to tarnish, by absorption 
of moisture from the atmosphere—not so hard as 
to be incapable of taking a good figure and polish, 
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When the metal is cast, and prepared by the 
common grindstone for receiving its proper figure, 
the gauges and grinding-tools are to be formed in 
the same manner as formerly described for lenses, 
with this difference, that the radius of the gauges 
must always be double the focal length of the 
speculum, as the focus of parallel rays by reflec- 
tion is at one half the radius of concavity. In 
addition to the concave and convex tools, which 
should be only-a little broader than the metal 
itself, a convex elliptical tool of lead and tin should 


nor so soft as to be easily scratched, and possess fe formed with the same radius, so that its trans- 


ing a high reflecting power. Various compo 
tions have been used for this purpose, of which 
the following are specimens: Take of good 
Swedish copper 32 ounces, and when melted, 
add 144 ounces of grain-tin to it; then, having 
taken off the scoria, cast it into an ingot. This 
metal must be asecond time melted to cast a 
speculum; but it will fuse in this compound state 
with a small heat, and therefore will not calcine 
the tin to putty. It should be poured off.as soon 
as it is melted, giving it no more heat than is ab- 
solutely necessary. ‘The best methed for giving 
the melted metal a good surface is this: the mo- 
ment before it is poured off, throw into the cruci- 
ble a spoonful of charcoal-dust; immediately after 
which, the metal must. be stirred with a wooden 
spatula and poured into the molds. The fol- 
lowing is another composition somewhat similar: 
Take two parts of copper as pure as it is possible 
to procure: this must be melted in a crucible by 
itself; then put, in another crucible, one part of 
pure grain tin: when they are both melted, mix 
and stir them with a wocden spatula, keeping a 
good flux on the melted surface to prevent oxyda- 
tion, and then pour the metal quickly into the 
molds, which may be made of founders’ loam. 
The composition suggested, more than half a 
century ago, by the Rev. Mr. Edwards, has often 
been referred to with peculiar approbation. This 
gentleman took a great deal of pains to discover 
the best composition, and to give his metals a fine 
polish and the true parabolical figure. His tele- 





scopes were tried by Dr. Muaskelyne, the astrono- 
mer royal, who found them greatly.to excel in 
brightness, and to equal in other respects those 
made by the best artists. They showed a white 
object perfectly white, and all objects of their 
proper color. He found, after trying various 
combinations, the following to be the best, name- 
ly, 32 ounces of copper, with 15 or 16 ounces of 
grain tin (according to the purity of the copper), 
with the addition of one ounce of brass, one of 
silver, and one ounce of arsenic. This, he affirms, 
will form a metal capable, when polished in a 
proper manner, of reflecting more-light than any 
other metal yet made public. 

The Rey. J. Little, in his observations on this 
subject in the “ Irish Transactions,” proposes the 
following composition, which he found to answer 
the purpose better than any he had tried, namely, 
32 parts of best bar copper, previously fluxed with 
the black flux of 2 parts tartar and 1 of niter, 
4 parts of brass, 16 parts of tin, and 114 of arse- 
nic. If the metal be granulated, by pouring it, 
when first melted, into water, and then fused a 
second time, it will be less porous than at first. In 
this process, the chief object is to hit on the ex- 
act point of the saturation of the copper, &c., by 
the tin; for if the latter be added in too great 
quantity, the metal will be dull colored and soft; 
if too little, it will not attain the most perfect 
whiteness, and will certainly tarnish.* 


* Jrish Transactions, vol, x; and Nicholson’s Philosophi- 


eal Journal, vo). xvi, 
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verse should be to its conjugate diameter as 10 to 
9, the latter being exactly equal to the diameter 
of the metal. The grinding of the speculum is 
‘then to be'commenced on this tool with coarse 
emery powder and water, when the roughness is 
taken off by moving the speculum across the tool 
in different directions, walking round the post on 
which the tool is fixed, holding the speculum by 
the wooden handle to which it is cemented; it is 
then to be wrought with great care on the convex 
brass tool, with circular and cross strokes, and 
with.emery of different. degrees—the concave tool 
being sometimes ground upon the convex one, to 
keep them all of the same radius—and when every 
scratch is removed from its surface, it will be fit 
for receiving the final polish. 

When the metal is ready for, polishing, the el- 
liptical tool is to be covered with black pitch 
about 1-20th of an inch thick, and the polisher 
formed in the same way as in the case of lenses 
either with the concave brass tool or with the 
metal itself.. The colcothar of vitriol should then be 
triturated between two surfaces of glass, And a 
considerable quantity of it applied at first to the 
surface of the polisher. The speculum is then 
to be wrought in the usual way upon the polish- 
ing tool until it has received a brilliant luster, 
taking care to use no more of the colcothar, if it 
can be avoided, and only.a small quantity of it, 
if it should be found necessary.. When the metal 
moves stiffly on the polisher, and the colcothar 
assumesa dark, muddy hue, the polish advances 
with great rapidity. The tool will then grow 
warm, and would probably stick to the speculum 
if its motion were discontinued for a moment. 
At this stage of the process, therefore, we must 
proceed with great caution, breathing continually 
on the polisher until the friction is so great as to 
retard the motion of the speculum. ‘When this 
happens, the metal is to be slipped off the tool at 
one side, cleaned with soft leather, and placed in 
a tube for the purpose of trying its performance; 
and if the polishing has been conducted with care, 
it will be found to have a true parabolic igure.* 

It was formerly the practice, before the specu- 
lum was brought to the polisher, to smooth it on 
a bed of hones, or a conyex tool made of the best 
blue stone, such as clockmakers use in polishing 
their work, which was made one-fourth part 
larger than the metal which was to be ground 
upon it, and turned as true as possible to a gauge; 
but this tool is not generally considered as abso- 
lutely necessary, except when silver and brass 
enter into the composition of the metal, in order 
to remove the roughness which remains after 
grinding with the emery. 

To try the Figure of the Metal—tIn order to 
this, the speculum must be placed in ,the tube of 
the telescope for which it is inten ed, and at 
about 20 or 30 yards distant there should be put 
up a watch-paper, or similar object, on which 
there are some very fine strokes of an engraver. 

aid ate Reb SR NM aan 
* Brewater’s Appendix to ‘¢ Ferguson’s Lectures,” 
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An annular kind of diagram should be made with 
card-paper, so as to cover a circular portion of 
the middle part of the speculum, between the hole 
and the circumference, equal in breadth to about | 
one-eighth of its diameter. This paper ring 
should be fixed in the mouth of the telescope, and 
remain so during the whole experiment. There 
must likewise be two other circular pieces of card- 
paper cut out, of such sizes that one may cover 
the center of the metal by completely filling the 
hole in the annular piece now described, and the 
other such a round piece as shall exactly fill th 
tube, and so broad as that the inner edge just 
touches the outward circumference of the middle 
annular piece. All these pieces together will 
completely shut up the mouth of the telescope. 
Let the round piece which covers the center. of 
the metal be removed, and adjust the instrument’ 
so that the image may be as sharp and distinct as 
possible; then replace the central piece, and re- 
move the outside annular one, by which means 
the circumference only of the speculum will be 
exposed, and the image now formed will be from 
the rays reflected from the exterior side of the 
metal. If the two images formed by these two 
portions of the metal be perfectly sharp and equal- 
ly distinct, the speculum is perfect and of the 
true parabolic curve; if, on the contrary, the 
image from the outside of the metal should not be 
distinct, and it should be necessary to bring the 
little speculum nearer by the screw, the metal is 
not yet brought to the parabolic figure; but if, in 
order to procure distinctness, we be obliged to 
move the small speculum farther off, then the 
figure of the great speculum has been‘carried be- 
yond the parabolic, and has assumed the hyper- 
bolic form. 
To adjust the Eyehole of Gregorian Reflectors.— 
If there is only one eyeglass, then the distance of 
the small hole, should be as nearly as possible equal 
to its focal length; but in the compound Huyge- 
nian eyepiece, the distance of the eyehole may be 
thus found: Multiply the difference between the 
focal distance of the glass next to the speculum, 
and the distance of the two eyeglasses, by the fo- 
cal distance of the glass nearest the eye; divide 
the product by the sum of the focal distances of 
the two lenses, lessened by their distance, and the 
quotient will be the compound focal distance re- 
quired. Thus, if the focal distance of the lens 
next the speculum be three inches, that of the lens 
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next the eye one inch, and their distance two inches, 
then the compound focal distance from the eye- 
glass will bees inch. The diameter of 
the eyehole is always equal to the quotient ob- 
tained by dividing the diameter of the great spe- 
culum by the magnifying power of the telescope. 
It is generally from 1-25th to 1-50th of an inch 
in diameter. It is necessary, in many cases, to 
obtain from direct experiment an accurate determi- 
nation of the place and size of the eyehole, as on 
this circumstance depends, in a certain degree, the 
/accurate performance of the instrument. 

Lo center the two specula of Gregorian Reflectors. 
—Extend two fine threads or wires across the 
aperture of the tube at right angles, so as to inter- 
sect each other exactly in the axis of the telescope. 
Before the arm is finally fastened te the slider, 
place it in the tube,and through the eyepiece 
(without glasses) the intersection of the cross- 
wires must be seen exactly in the center of the 
hole of the arm. When this exactness is obtained, 
let the arm be firmly riveted and soldered to the 





slider. 


To center Lenses.—The centering of lensesisof 
great importance, more especially i object- 
glasses of achromatic instruments. The follow- 
ing is reckoned-a good method: Let the lens to be 
centered be cemented ona brass chock, having the 
middle turned away so as not to touch the lens 
except near the edge, which will be hid when 
mounted. Thisrim is very accurately turned flat 
where it is to touch the glass. When the chock 
and cement is warm, itis made to revolve rapidly; 
while in motion, a lighted candle is brought be- 
fore it, and its reflected image attentively watched. 
If this image has any motion, the lens is not flat 
or central; a piece of soft wood must therefore 
be applied to it in the manner of.a turning tool, 
until such time as the light becomes stationary. 





When the whole has cooled, the edges of the lens 
must be turned by a diamond, or ground with 
emery. 

For more particular details in reference to grind- 
ing and polishing specula and lenses, the reader is 
referred to Smith’s “ Complete System of Optics,” 
Imison’s “School of Arts,’? Huygenit Opera, 
Brewster’s Appendix: to “ Ferguson’s Lectures,” 
“Trish Transactions,” vol. x, or “ Nicholson’s 
Journal,’’ vol. xvi, Nos. 65,66, for January and 
February, 1807. 
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CHAPTER I. 


ON MICROMETERS. 


A micrometrr is an instrument attached to a 
telescope, in order to measure small spaces in the 
heavens, such as the spaces between two stars, and 
the diameters of the sun, moon, and planets; and 
by the help of which, the apparent magnitude of 
all objects viewed through telescopes may, be mea- 
sured with great exactness. 

There are various descriptions of these instru- 
ments, constructed with different substances and 
in various forms, of which the following consti- 
tute the principal variety: the Wire Micrometer— 
the Spider’s-line Micrometer—the Polymetric Re- 
ticle—Divided Object-glass Micrometer—Divided 
Eyeglass Micrometer—Ramsden’s Catoptrie Mi- 
crometer—Rochon’s Crystal Micrometer—Mas- 
kelyne’s Prismatic Micrometer—Brewster’s Miero- 
metrical Telescope—Sir W. Herschel’s. Lamp Mi- 
crometer—Cavallo’s Mother-of-Pearl Micrometer, 
and several others; but instead of attempting even 
a general description of these instruments, I shall 
confine myself merely to a very brief descrip- 
tion of Cavallo’s Micrometer;as its construction 
will be easily understood by the general reader, as 
it is one of the most simple of these instruments, 
and is so cheap as to be procured for a few shil- 
lings, while some of the instruments now men- 
tioned ate so expensive as to cost nearly as much 
as a tolerably good telescope.* ‘ 

This micrometer consists of a thin and narrow 
slip of mother-of-pearl finely divided, which is 
placed in the focus of the eyeglass of a telescope, 
just where the image of the object is formed; 
and it may be applied either to a reflecting or a 
refracting telescope, provided the eyeglass be a 
convex lens. It is about the twentieth part of 
an inch broad,and of the thickness of common 
writing paper, divided into equal parts by parallel 
lines, every fifth and tenth of which is a little 
longer than the rest. The simplest way of fixing 
it is to stick it upon the diaphragm, which gene- 
rally stands within the tube, and in the focus of 
the eyeglass. When thus fixed, if you look through 
the eyeglass, the divisions of the micrometrical 
scale will appear very distinct, unless the dia- 
phragm is not exactly in the focus of the eyeglass, 
in which case it must be moved to the proper 
place; or the micrometer may be placed exactly 
in the focus of the eyelens by the interposition of 
a circular piece of paper, card, or by means of 
wax. If a person should not like to see always 
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*A particular description of the micrometers here enume- 
rated, and several others, will be found in Dr, Pearson’s 
“ Introduction to Practical Astronomy,” vol. ii. 
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the micrometer in the field of the telescope, then 
the micrometrical scale, instead of being fixed to 
the diaphragm, may be: fitted to a circular perfo- 
rated plate of brass, of wood, or even of paper, 
which may be occasionally placed upon the said 
diaphragm. One of these micrometers, in my 
possession, which contains 600 divisions in aninch, 
is fitted up in aseparate eyetube, with a glass. pecu- 
liar to itself, which slides into the eyepiece of the 
telescope when its own proper glass is taken out. 
To ascertain the Value of the Divisions of this 
Micrometer —Direct the telescope to the sun, and 
observe how many divisions of the micrometer 
measure jts diameter exactly; then take out of the 
Nautical Almanac the diameter of the sun for the 
day 6n which the observation is made; divide it 
by the above-mentioned number of divisions, and 
the quotient. is.the value of one division of the 
micrometer , Thus, suppose that 2614 divisions 
of the micrometer measure the diameter of the 
sun, and that the Nautical Almanac gives for the. 
measure of the same diameter 31’ 22”, or 1822”: 
divide 1822 by 26.5, and the quotient is 71”, or 1’ 
11”, which is the valus of ‘one division of the mi- 
crometer, the double of which is the value of two 
divisions, andso on. The value of the divisions 
may likewise be ascertained by the passage of an 
equatorial star over a certain number of divisions 
in a certain time.» The stars best situated for this 
purpose are suchas the following: d:in the Whale, 


'R, A. 37° 3144’, Dec. 37' 50" S.; in Orion, R. A. 


80° 11’ 42”, Dec. 28' 40" S.; vin the Lion, R. AL 
1719 25’ 21”, Dec. 23' 22” N.; 4 in Virgo, R: A. 
182° 10’, Dec. 33’ 27” N. But the following is the 
most easy and accurate method of determining the 
value of the divisions. 

Mark upon a wall or other place the length of 
six inches, which may be done by making two 
dots or Jines six inches asunder, or by fixing a six 
inch ruler upon astand. Then place the telescope 
before it, so that the ruler, or six inch length may 
be at right angles with the direction of the tele- 
scope, and just 57 feet 31¢ inches distant from the 
object-glass of the telescope; this done, look 
through the telescope at the ruler,or other ex- 
tension of six inches, and observe how many divi- 
sions of the micrometer are equal to it, and that 
same number of divisions is equal to half a de- 
gree, or 30’; and this is all that is necessary for 
the required determination ; the reason of which 
is, because anextension of six inches subtends an 
angle of 30’ at the distance of 57 feet 344 inches, 
as may be easily calculated from the rules of 
Plane Trigonometry. 
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Fig.85 exhibits this micrometer scale, but shows 
it four times larger than the real size of one which 
was adapted to a three feet achromatic telescope 
magnifying 84 times. The divisions upon it are 
the 200ths of an inch, which reach from one edge 
, of the scale to about the middle of it, excepting 

every fifth and tenth division, which are longer. 
Two divisions of this scale are very nearly equal 
to one minute; and asa quarter of.one of these 
divisions may be distinguished by estimation, 
therefore an angle of one-eighth of a minute, or 
of 71g", may be measured with it. Whena Me 
scope magnifies more, the divisions of the micro- 
meter must be more minute. When the focus of 
the eyeglass of the telescope is shorter than half 
an inch, the micrometer may be divided with the 
500ths of an inch; by means of which, and the 
telescope magnifying about 200 times, one may 
easily and accurately measure an angle: smaller 
than half a second. On thé other hand, when 
the telescope does not magnify above 30 times, the: 
divisions need not be so minute. In one of Dol- 
lond’s pocket telescopes, which, when drawn out 
for use,.is only 14 inches long, a micrometer with 
the hundredths of an inch is quite sufficient, and 
one of its divisions is equal to little less than three 
minutes, so that an angle of a minute may be 
measured by it. Supposing 111¢ of those: divi- 
sions equal to 30’, or 23 to a degree, any other 
angle measured by any other number of divisions 
is determined by proportion. ‘Thus, suppose the, 
diameter of the sun, seen through the same tele- 
scope, be found equal to 12 divisions, say, as 1144 
divisions are to 30 minutes, so are 12 divisions to 
( iota 9) 31.3, which is the required diameter of 
, the sun. ; 


Practical Uses of this Micrometer —This micro- 
meter may be applied to the following purposes; 
1. For measuring the apparent diameters of the. 

_gun, moon, and planets. 2. For measuring the 
apparent distances of the satellites from their 
primaries. 3. For measuring the cusps of the moon 
in eclipses. 4. For measuring the apparent distan- 
ces between two contiguous stars—between a star 
anda planét—between a star and the moon—or 
between a comet and the contiguous stars, so as to 
determine its path. 5. For finding the difference 
of declination of contiguous stars, when they 
have nearly the same right ascension. 6. For 
measuring the small elevations or depressions of 
objects above and below the horizon. 7. For 
measuring the proportional parts of buildings, 
and other objects in perspective drawing. 8. For 
ascertaining whether a ship at sea, or any moving 
object, is coming nearer or going farther off; for if 
the angle subtended by the object appears to in- 
crease, it shows that the object is coming nearer, 
and if the angle appears to decrease, it indicates 
that the object is receding from us. 9. For ascer- 
taining the: real distances of ‘objects of known 
extension, and hence to measure hights, depths, 
and horizontal distances. 10. For measuring the 
real extensions of objects when their distances are 
known. 11. For measuring the distance and size 
of an object when neither of them is known. 


When the micrometer is adapted to those tele- 
scopes which have four glasses in the eyetube, 
and when the eyetube only is used, it may be applied 
to the following purposes: 1. For measuring the 
real or lineal dimensions of small objects, instead 
of the angles; for if the tube be unscrewed from 
the rest of the telescope, and applied to small ob- 
jects, it will serve for a microscope, having a con- 
siderable magnifying power, as we have already 
shown (p.97); and the micrometer, in that case, will 
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measure the lineal dimensions of the object, as the ~ 
diameter of a hair, the length of a flea, or the limbs 
of an insect. In order to find the value of the di- 


visions for this purpose, we need only apply a ruler, 
divided into tenths of an inch, to theend of the tube, 
and looking through the tube, observe how many 
divisions of the micrometer measure one-tenth of . 


Fig. 85. 
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an inch on the ruler, which will give the required 
value, Thus, if 30 divisions are equal to 1-10th of 
an inch, 300 of them must be equal to the 300th part 
ofan inch. 2. For measuring the magnifying 
power of other telescopes. This is done by mea- 
suring the diameter of the pencil of light at the 
eye-end of the telescope in question; for, if we 
divide the diameter of the object-lens by the di- 
ameter of this pencil of light, the quotient will 
express how many times that’ telescope magnifies 
in diameter. Thus, suppose’ that 300 divisionsof 
the micrometer are equal to the apparent exten- 
sion of one inch—that the pencil of light is mea- 
sured by four of these divisions—and that the 
diameter of the object-lens measures one inch 
and two tenths: Multiply 1.2 by 300, and the 
product 360, divided by 4, gives 90 for the mag- 
nifying power of the telescope. 

Problems which:may be solved by this Micrometer. 
—I. The angle—not exceeding one degree—which 
is subtended by an extension of one foot, being 
given, to find its distance from the place of ob- 
servation: Rule 1. If the angle be expressed in 
minutes, say as the given angle is to 60, so is 
687.55 to a fourth proportional, which gives the 
answer in inches. 2. If the angle be expressed 
in seconds, say, as the given angle is to 3600, so 
is 687.55 to a fourth proportional, which expresses 
the answer in inches. 3. If the angle be express- 
ed in minutes and seconds, turn it all into seconds, 
proceed as above. Example: At what distance isa 
globe of one foot in diameter when it subtends 
an angle of two seconds? 2: 3600: : 687.55 : 


86004687-5 51237596 inches, or 1031321 


feet—the answer required. II. The angle which 
is subtended by any known extension being given, 
to find its distance from the place of observation: 
Rule: Proceed as if the extension were of one 
foot, by Problem I, and call the answer B; then, 
if the extensionin question be expressed in inches, 
say as 12 inches are to that extension, so is B 
to a fourth proportional, which is the answer 
in inches. But if the extension in question be 
expressed in feet, then we need only multiply it 
by B, and the product is the answer in inches. 
Example: At what distance is a man six feet high 
when he appears to subtend an angle of 307 
By Problem I, if the man were one foot high the 
distance would. be 82506 inches; but as he is six 
feet high,therefore multiply 82506 by 6, and the 
product is the required distance, namely, 495036 
inches, or 41253 feet. 

For greater convenience, especially in travel- 
ing, when one has not the opportunity of making 
such calculations, the two following tables have 
been calculated, the first of which shows the dis- 
tance answering to any angle from one minute to 
one degree, which is subtended by a man whose 





hight is considered an extension of six feet, be- 
cause at a mean, such is the hight of a man when 
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dressed with hat end shoes on.’ These tables may { 
be transcribed on a card, and may be kept always 

_ ready with a pocket telescope ‘furnished with a 
icrometer. Their use is to ascertain distances 
without any calculations; and they are calculated 
only to minutes, because with a pocket telescope 
and micrometer it is not’ possible to measure an} 
angle more accurately than to a minute. Thus, 
if we want to measure the extension of a street, 
let a foot ruler be placed at the end of the street 
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pose to be 36’, and in the table we have the re: 
quired distance against 36’, which is 9514 feet. 
Thus, also, a man who appears to be 49’ high is 
at the distance of 421 feet. Again: Suppose the 
trunk of a tree, which is known to be three feet 
in diameter, be observed to subtend an angle of 


measure the angular appearance of it, which sm peetee 
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914’. Take the number answering to 9’ out of the 
tablé, namely 382, and subtract from it a propor- 
tional part for the, half minute, namely 19.1, 
which, subtracted from, 362, leaves 362.9. , This 
multiplied by 3, the diameter of the tree, produces 
1087. 7 feet—the distance from the object-end of 
the telescope. f 

In this way the distance of a considerably re- 
mote object, as a town or building at ten or twelve 
miles’ distance, may be very nearly determined, 
have the lineal dimensions of a house 

other object that stands at right angles to the 

e of vision. e breadth of a river, of an arm 
of the sea, or the distance of a lighthouse, whose 
elevation above the sea or any other point is 
known, may likewise, in this manner be easily 
determined. 





Angles subtended by an extension of one foot at 
different distances, 









|| Angles subtended by anvextensioniof six feet a | 


different distances, 








































Angles in | Distances in) Angles in | Distances in || Angles in| Distances in | Angles in | Distances in | 
minutes, feet. minutes, \_ feet. minutes, feet. minutes, feet. 
1 3438 31° 110.9 1 20626.8 31 665.4 
2 1719 32 107.4 2 10313 32 644.5 
3 1146 33 104.2 3 6875.4 33 625 
4 859.4 34 101.1 4 5156.5 34 606.6 
5 678.5 35 98.2 5 4125.2 35 589.3 
6 572.9 36 95.5 6 3437.7 36 572.9 
a 491.1 37 92.9 7 2946.6 | 37 557.5 
8 429.7 38 90.4 8 2578.2 38 542.8 
9 382 39 88.1 9 2291.8 39 528.9 
10 : 343.7 40 85.9 10 2062.6 40 515.6 
ll 312.5 Al 83.8 41 1875.2 41 503.1 
12 286.5 42 81.8 12 1718.8 42 491.7 
13 264.4 43 79.9 13 1586.7 43 479.7 
14 245.5 44 78.1 14 1473.3 44 468.8 
15 229.2 45 76.4 15 1375. 45 458.4 
16. 214.8 46 74.7 16 1298.1 46 448.4 
17 202.2 47 73.1 17 1213.3 47 » 438.9 
18 191 48 71.6 18 1145.9 48 429.7 
19 181 49 70.1 19 1085.6 49 421. 
20 171.8 50 68.7 20 1031.4 50 412.5% 
‘ 51 67.4 21 982.2 51 404.4 
52 66.1 22 937.6 52 396.7 
53 64.8 23 896.8 53 389.2 
54 63.6 24 859.4 54 381.9 
55 62.5 25 825. 55 375. 
56 61.4 26 793.3 56 368.3 
57 60.3 1 QT 763.9 | 57 361.9 
58 59.1 28 736.6 44) .58 355.6 
59 58.2 29 7113 59 349.6 
60 57.3 30 ’ 687.5 60 343.7 











CHAPTER IL 


ON THE EQUATORIAL TELESCOPE, OR PORTABLE OBSERVATORY. 


Te equatorial instrument is intended to answer 
a number of useful purposes in. Practical Astrono- 
my, independently of any particular observatory. 
Beside answering the general purpose of a quad- 
rant, a transit instrument, a theodolite, and an 
azimuth instrument, it is almost the only instru- 
ment adapted for viewing the stars and planets in 
the day-time, and. for following them in their ap- 
parent diurnal motions. It may be made use of 
in any steady room or place, and performs most 
of the useful problems in astronomical science. 

The basis of all equatorial instruments is a re- 
volving axis, placed parallel to the axis of the 
earth, by which an attached telescope is made to 
follow a star or other celestial body in the arc of 


its diurnal revolution, without the trouble of re- 
peated adjustments for changes of elevation, which 
quadrants and circles with vertical and horizontal 
axes require. Such an instrument is not only 
convenient for many useful and interesting pur- 
poses in celestial observations, but is essentially 
requisite in certain cases, particularly in examin- 
ing and measuring the relative positions of two 
contiguous bodies, or in determining the diame- 
ters of the planets, when the spider’s-line micro= 
meter is used. 

Christopher Scheiner is supposed to have been 
the first astronomer who, in the year 1620, made 
use of a polar axis, but without any appendage 
of graduated circles. It was not, however, until 
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_ the middle of the last century that any instru- 
ments of this description, worthy of the name, 
were attempted to be constructed.’ In 1741, Mr. 
Henry Hindley, a clockmaker in York, added to 
the polar axis an equatorial plate, a quadrant of 
altitude, and declination semicircle; but when 
this piece of mechanism was sent to London for 
sale in 1748, it remained unsold for the space of 
13 years. Mr. Short, the optician, published in 
the Philosophical Transactions for 1750 a ‘de- 
scription of an equatorial telescope,’ which 

of the reflecting kind, and was mounted ov 
combination’ of circles an micircles, whi 
were strong enough to support a tube, and a spe- 
culum of the Gregorian construction 18 inches 
in focal length. This instrument consisted of a 
somewhat cumbersome and expensive piece of 
machinery, a representation of which may be 
seen in vol. iii, of Martin’s “ Philosophia Britan- 
nica, or System of the Newtonian Philosophy.” 
Various modifications of this instrument have 
since been made by Nairne, Dollond, Ramsden, 
Troughton, and other artists; but even at the 
present period it has never come into very general 
use, though it is one of the most pleasant and 
useful instruments connected with astronomical 
observations, 

As many of thesé instruments are somewhat 
complicated and very expensive, [ shall direct the 
attention of the reader solely to one which I con- 
sider as the most simple, which may be purchased 
at a moderate expense, and is sufficiently accu- 
rate for general observations. 

The instrument consists of the following parts: 
A horizontal circle, E F (fig. 86), divided into 


Fig. 86. 























four quadrants of 90 degrees each. There is a 
fixed nonius at N; and the circle is capable of 
being turned round on an axis. In the center of 
the horizontal circle is fixed a strong upright pil- 
lar, which supports the center of a vertical semi- 
circle, A B, divided into two quadrants of 90 de- 
grees each. This is called the semicircle of alti- 
tude, and may, at any time, serve the purposo of 








a guadrant in measuring either altitudes or de- 
pressions. It has a nonius plate at K. At right 


angles to the plane of this semicircle, the equato- 


rial circle, M N, is firmly fixed. It represents 


equator, and is divided into twice twelve hours, 


every hour being divided into twelve purts of five 
minutes each. Upon the equatorial circle moves 
another circle, with a chamfered edge, carrying a 
nonius, by which the divisions on the equatorial 
may be read off to single minutes; and at: right 
angles to this movable circle is fixed the semicircle 


|of declination, D, divided into two quadrants of — 


0 degrees each. The telescope, P O, is sur- 
mounted above this circle, and is fixed to an in- 
dex movable on the semicircle of declination, and 
carries a nonius opposite to Q. The telescope: is 
furnished with two or three Huygenian eyepieces 
and likewise with a diagonal eyepiece for viewing 
objects near the zenith. - Lastly, there are two 
spirit levels fixed-on the horizontal circle at right 
angles to each other, by means of which this circle 
is made. perfectly level when observations are to 
be made. i 

To adjust the Equatorial, for Observations.—Set 
the instrument on a firm support; then, to adjust 
the levels and the horizontal circle, turn the horizon- 
tal circle until the beginning O of the divisions 
coincides with the middle stroke of the nonius, 
or near it. In this situation, one of the levels 
will be found to lie either in a right line joining 
the two footserews which are nearest the nonius, 
or else parallel to such a right line. By means of 
the last two screws, cause the bubble in the level 
to become stationary in the middle of the glass; 
then turn’ the horizontal circle half round by 
bringing the other O to. the nonius; and if the 
bubble remains in the middle.as before, the level 
is well. adjusted; if it does not, corréct the posi- 
tion of the level. by turning one or both of the 
screws which pass through its ends until the 
bubble has. moved half the distance it ought to 
come to reach the middle, and cause it to move 
the other half by turning the foot-screws already 


mentioned; return the horizontal circle to its first: 
position, and if the adjustments have been well. 
jmade, the bubble will remain in the middle; if 


otherwise, the process must be repeated until it 
bears, this proof of its accuracy; then turn the 
horizontal circle until 90° stands opposite to the 
nonius; and by the foot-screw immediately oppo- 
site the other 90°, cause the bubble of the same 
level to stand in the middle of the glass; lastly, 
by its own proper screws set the other level so 


that its bubble may occupy the middle of its glass., 
To adjust the Line of Sight—Set the nonius on, 


the declination, semicircle at O, the nonius on the 
horary circle at VI, and the nonius on the semi- 
circle of altitude at 90; look through the tele- 
scope toward some part of the horizon where 
there is a diversity of remote objects; level the 
horizontal circle, and then observe what object 
appears in the center of the cross-wires, or in’ the 
center of the field of view if there be no wires; 
reverse the semicircle of altitude so that the other 
90° may apply to the nonius, taking care, at the 
same time, that the other three noniuses continue 
at the same parts of their respective graduations 
as before. If the remote object continues to be 
seen on the center of the cross-wires, the line of 
sight is truly adjusted. _ 

“To find the Correction to be applied to Observa- 
tions by the Semicircle of Altitude—Set the nonius 
on the declination semicircle to 0, and the nonius 
on the horary circle to XII; direct the telescope 
to any fixed and distant object by moving the 
horizontal circle and semicircle of altitude, and 
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nothing else; note the degree and minute of alti- 
tude or depression; reverse the declination semi- 
circle by directing the nonius on the horary circle 
‘to the opposite XII; direct the telescope again to 
the same object, by means of the horizontal circle 
and semicircle of altitude, as before. If its alti- 


tude or depression be the same as was. observed in | 


the other position, no correction will be required; 
but if otherwise, half the difference of the two 
angles is the correction to be added to all observae 
tions made with that quadrant, or half of the 
combi which shows the least angle, or to be 
subtracted from all the observations made with 
the other quadrant, or half of the semicircle. 
When the levels and other adjustments are once 
truly made, they will be preserved in order for a 
tength of time, if mot deranged by violence; and 
the correction to be applied to the semicirele of 
altitude is a constant quantity. 

Description of the Nonius.—The nonius—some- 
times called: the Vernier—is a name given to a 
device for subdividing the arcs of quadrants and 
otherastronomical instruments. It dependson the 
simple circumstance that if any line be divided into 
equal parts, the length of each part will be great- 
er the fewer the divisions; and contrariwise, it will 
be less in proportion as those divisions are more 
numerous. Thus, in the equatorial now described, 
the distance between the two extreme. strokes on 
the nonius is exactly equal to eleven degrees on 
the limb, only that it is divided into twelve equal 
parts. Each of these last parts will therefore be 
shorter than the degree on the limb in the propor- 
tion-of 11 to 12, that is to say, it will be 1-12th 
part, or five minutesshorter; consequently, if the 
middie stroke be set precisely opposite to any de- 
gree, the relative positions of the nonius and the 
limb must be altered five minutes of a degree be- 
fore either of the two adjacent strokes next the 
middle on the nonius can be brought to coincide 
with the nearest stroke of a degree; and so like- 
wise the second stroke on the nonius will require 
a change of ten minutes, the third of fifteen, and 
so on to thirty, when the middle line of the no- 
nius will be seen to, be equidistant between two 
of the strokes on the limb; after which, the lines 
on the opposite side of the nonius will coincide 
in succession with the strokes on the limb. -It is 
clear from this that whenever the middle stroke 
of the nonius does not stand precisely opposite to 
any degree, the odd minutes, or distance between 
it and the degree immediately preceding, may be 
known by the number of the stroke marked on the: 
nonius, which coincides with any of the strokes 
on the limb.* . In some instruments the nonius- 
plate has its divisions fewer than the number of 


.parts on the limb to which it is equal; but when 


once a clear idea of the principle of any nonius 
is obtained, it will be easy to transfer jt to ‘any 


other mode in which this instrument is contrived. 


To find by this Equatorial the Mrri1an Line, 


vand the Time, From one OnsErvaTion or THE 


sun.—In order to this, it is requisite that the sun’s 
declination and the latitude of the place be known. 
The declination of the sun may be found for every 
day in the Nautical Almanac, or any other astro- 
nomical ephemeris; and the latitude of the place 
may be found by means of the semicircle of alti- 
tude, when the telescope is directed to the sun or 
a known fixed star. It is likewise requisite to 
make the observation when the azimuth and alti- 
tude of the sun alter quickly, and this is general- 
ly the case the farther that luminary is from the 
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meridian; therefore at the distance of three or 
four hours either before or afternoon (in sum- 
mer), adjust the horizontal circle; set the semi- 
cirele of altitude so that its nonius may stand at 
the colatitude of the place; lay the plane of the 
last-mentioned: semicircle in the meridian by es- 
‘timation, its 0 being directed toward the depressed 
pole; place the nonius of the declination semi- 
circle to the declination, whether north or south; 
then direct the telescope toward the sun, partly 
by moving the declination semicircle on the axis 

he equatorial circle, and partly by moving the 

zontal circle on its own axis. There is but 
one position of these which will admit of the sun 
being seen in the middle of the field of view. 
When this position is obtained, the nonius on the 
equatorial circle shows the apparent time, and the 
circle of altitude is in the plane of the meridian. 
When this position is ascertained, the meridian 
may be settled by a landmark at a distance. 

With an equatorial instrument nearly similar to 
that now described, I formerly made a series of 
* day observations on the celestial bodies,’ which 
were originally published in vol. xxxvi, of “ Ni- 
cholson’s Journal of Natural Philosophy,’ and 
which occupy twenty pages of that journa!. Some 
of these observations J shall lay before the reader, 
after having explained the manner in which they 
are made. "a 

The instrument was made by Messrs. W. and 
S. Jones, opticians, Holborn, London. The tele- 
scope which originally accompanied the instru- 
ment was an achromatic refractor, its object-glass 
being 814 inches focal distance, and one inch in 
diameter. This telescope, not admittin sufficient- 
ly high magnifying powers for the Spectratiows 
intended, was afterward thrown aside for another 
telescope having an object-glass 20. inches focal 
length and 134 inches in diameter, which was at- 
tached to the equatorial machinery in place of the 
small telescope. It was furnished with magnify- 
ing powers of 15, 30, 45, 60, and 100 times. The 
instrument was placed on a firm pedestal about 
three feet high. The feet of this pedestal had 
short iron pikes, which slipped into corresponding 
holes in the floor of the apartment adjacent to a 
south window,so that when the direction of the 
meridian was found,and the circles properly ad- 
justed, the instrument was in no danger of being 
shifted from: this position. Though this instru- 
ment generally stood fronting the southern part 
of the heavens, yet the equatorial part along with 
the telescope, ‘could occasionally be removed to 
another position fronting the north and north-west, 
for observing the stars in those quarters. 

Manner of observing Stars and Planets in the 
Day-time. by the Equatorial.—Before such observa- 
tion can be made, the semicircle of altitude must 
be placed in the meridian, and the degree and mi- 
nute pointed out by the nonius on the horizontal 
circle, when in this position, noted-down in a 
book, so that it may be placed again in. the same 
position, should any derangement. afterward hap- 
pen, The semicircle of altitude must be set to 
the colatitude of the place, that is,to what the 
latitude wants of 90°, Suppose the latitude of 
the place of observation be 52° 30’ north, this la- 
titude subtracted from 90° leaves 37° 30’ for the 
colatitude, and therefore the semicircle of altitude 
on which the equatorial circle is’ fixed, must be 





elevated to 37° 30’, and then the equatorial circle 
on the instrument coincides with the equator in 
the heavens. Lastly, the telescope must be adjust- 
ed on the declination semicircle so as exactly to 
correspond with the declination of the heavenly 
body to be viewed. If the body is in the equa- 
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THE EQUATORIAL TELESCOPE. 


tor, the telescope is set by the index at 0 on the 
semicircle of declination, or at the middle point 
between the two quadrants, and then, when the 
telescope along with the semicircle of declination, 
is moved from right to left, or the contrary, it de- 
scribes an are of the equator. If the declination 


‘of the-body be north, the telescope is elevated to. 


the northern division of the semicircle; if south, to 
the southern part of it. 

These adjustments being made; take the diffe- 
rence between the right ascension of the sun and 
the body to be observed, pe the right ascension 
of the body be greater than that of the sun, sub- 
tract the difference from the time of observation; 
if not, add to the time of observation.* The re- 
mainder in one case, or the sum in the other, will 
be the hour and minute to which the nonius on 
the equatorial circle is to be set; which being done, 
the telescope will point to the star or planet to 
whose declination the instrument is adjusted: 
When the heavenly body is thus found, it may be 
followed, in its diurnal course, for hours, or as 
long as it remains above the horizon; for as the 
diurnal motion of a star is parallel to-the equa- 
tor, the motion of the telescope on the equatorial 
circle will always be in the star’s diurnal arc; and 
should it have left the field of the telescope for 
any considerable time, it may be again ‘recovered 
by moving the telescope onward according to the 
time which elapsed since it was visible in the field 
of view. We may illustrate what has been now 


siated by an example or two: Suppose on the 30th | 


of April, 1841, at one o’clock, p. m., we wished to 


see the star Aldebaran: the right ascension of this’ 


star is 4h. 27m., and the,sun’s right ascension for 
that day at noon, as found in “ White’s Epheme- 
ris?’ or the “ Nautical Almanac,” is 2h. 30m.; sub- 
tract this last number from 4h. 27m., and the re- 
mainder ih. 57m., shows that the star comes to the 
meridian on that day at 57 minutes past 1 o’clock 
p. M.; and as the time of observation is1 p. m., the 
nhonius which moves on the equatorial circle must 
be set to three minutes past XI, as the star is at that 
hour 57 minutes from the meridian. The declina- 
tion of Aldebaran is 16° 11’ north, to which point 
on the semicircle of declination the telescope must 
be adjusted, and then the star will be visible in the 
field of view. Again: suppose we wished to observe 


the planet Venus on Ist of Jan., 1842, at 12 o’clock i 


noon: the sun’s right ascension on that day is 18h. 
46m., and that of Venus 17h. 41m., from which the 
sun’s right ascension being subtracted, the remain- 
der is 22h. 55m., or 55 minutes past 10, a.m. Here, 
as the right ascension of Venus is too small to have 
the sun’s right ascension taken from it, we borrow 
24 hours, and reckon the remainder from XII, at 
noon. As the planet at 12 at noon is one hour and 
five minutes past the meridian, the nonius on the 


equatorial circle must be set to that point, and the | 


telescope adjusted to 23° 6’ of south declination, 
which ig the declination of Venus for that day, 
when this planet will appear in the field of view. 


‘ 


OBSERVATIONS ON THE FIXED STARS AND PLANETS, 
MADE 1N THE DAY-TIME BY THE EQUATORIAL. 


For the purpose of illustrating the descriptions 
now given, and for affording some information, 
respecting celestial day observations, I shall select 





*Or find the sun’s right ascension for the given day; sub- 
eract this-from the star or planet’s right ascension, and the 
reraainder is the approximate time of the star’s ¢oming to 
the meridian. ‘The difference between this time and the 
time of observation will then-determine the point to which 
the telescope is to be directed. 


a few of the observations above alluded to, which 


I formerly published in Nicholson’s Journal, along 


with a few others which have’ been since made. 
These observations were made with a'view to de- 
termine the following particulars: 1. What. stars 
and planets may be conveniently seen in the day- 
time when the sun is above. the horizon? 2 
What degrees of magnifying power. are requisite — 
for distinguishing them? | 3.~How near their con- 
junction with the sun they may be seen? and, 4 
Whether the diminution of the aperture) of the 
object-glass of the telescope, or the increase of 
magnifying power, conduces most to render a star 
ora planet visible in daylight. Having never 
seen. such observations recorded in- books of as- 


‘tronomy or in scientific journals, I was induced to 





A 


continue them, almost every clear day, for nearly 
a year, in order to determine the points now spe- 
cified. Some of the results are stated in the fol- 
lowing pages. 

Observations on Fixed Stars of the first Magni- 
tude.—April 23, 1813, at 10h. 16m., a. m., the sun 
being 5144-hours above the horizon, saw the star 
Vega, or « Lyre, very distinctly with a power of 
30 times. Having contracted the aperture of the ob- 
ject-glass to 9-10ths of aninch, saw it on adarker 
ground, but not more plainly than before. -Hav- 
ing contracted the aperture still further to half an 
inch, I perceived the star, but not so distinctly as 
before. The sky being very clear, and the star in 
a quarter of the heavens nearly opposite to the sun, 
I diminished the magnifying power to 15, and 
could still perceive the. star, but indistinetly; it 
was just perceptible. August 23, at Oh: 12m., P.M. 
saw the star Capella or a Auriga, witha power of 
60, and immediately afterward with a power of 
30, the aperture undiminished. With this last 
power it appeared extremely distinct, but not so 
brilliant and splendid as with the former power. 
Having diminished the aperture to 9-10ths of an 
inch, it appeared on a darker ground, though in 
the former case it was equally perceptible. A few 
minutes afterward, could distinguish it with a 
power of 15, the aperture being contracted to half 
an inch. It appeared very small; it was with 
difficulty the eye could fix upon it in the field of 
the telescope; but when it was once perceived, its 
motion across the field of view could be. readily 
followed. It could not be perceived when the di- 
minished aperture was removed. The sun was 
then shining in meridian splendor. 

August 10th, 9h.30m., a. m., saw the star Sirius 
with a power of 60, the aperture contracted to 
9-10ths of an inch; saw it likewise when the aper- 
ture was diminished to half an inch, but not so 
distinctly as through the aperture of 9-19ths of 
an inch. Having put on a power of 30, could 
distinguish it distinctly enough through each of 


‘the former apertures, and likewise when they 





were removed, but somewhat more distinctly 
with the apertures of 9-J0ths and a half ineh 
than without them. At this time the star was 2h. 


42m. in time of right ascension west of the sun, 





having an elevation above the horizon, of about 
17° 10’, the sun shining bright, and the sky very 
much enlightened in that quarter of the heavens 
where the star appeared. ‘There was also a con- 
siderable undulation of the air, which is general- 
ly the case in the hot mornings of summer, which 
renders a star more difficult to be perceived than 
in the afternoon, especially when it is viewed at 
a low altitude. June 4th, Ih. 30m., p. m.,saw 
Sirius with a power of 30 with great distinctness, 
the aperture not contracted. The star was then 
within 1h. 50m. in time of right ascension east 
from the sun. August 24th, 9h. 5m., a m., saw 
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the star Procyon, « Canis Minoris, distinctly with 
~ apower of 60, the aperture not contracted’ When 
diminished: to 9-10ths of an inch, it appeared 
rather more distinct,.as the ground on which it 
was seen was darker. With a power of 30, and 
the aperture contracted to 9-10ths of an inch, 
could perceive it, but somewhat indistinctly. 
When the equatorial motion was performed in or- 
' der to keep it in the field of view, it was some 
time before the eye could again fix upon it. When 
the aperture was diminished to half an inch, it 
could not be perceived. Saw it when both the 
apertures were removed, but rather more distinet- 
ly with the aperture of 9-10ths of aninch. The 
difference in the result of this observation from 
that. of Capella above stated was owing to the 
star’s proximity to the sun, and the consequent 
lumination. of the sky in that quarter where it 
appeared. Its differenee in right ascension from 
that of the sun was then about 2h. 5m. of time, 
and its difference of, declination about 4° 50'.* 
This star may be considered as one of those 
which rank between the first and second magni- 
tudes. : : 

Similar observations to the above were made 
and frequently repeated on the stars Rigel, Alde- 
baran, Betelguese, Cor Leonis, and other stars of 
the first magnitude, which gave nearly the same 
results. The stars Altares and Fomalhaut are 
not so easily distinguished, on account of their 
great southern. declination, and consequent: low 
elevation above the horizon. The following ob- 
servation on Arcturus may be added. June 3d, 
observed Arcturus very distinctly a little before 
seven in the evening;—the sun being about Lh. 
40m. above the horizon, and shining bright—with 
a power of 15, the aperture not contracted. It 
appeared very small, but distinct. This star is 
easily distinguishable at any time of the day with 
a power of 30. 

Observations on Stars of the Second Magnitude — 
May 5, 1813, at 6h., rp. m., the-sun. being an hour 
and three-quarters above the horizon, saw Al- 
phard, or 2 Hydre, a star of the second magni- 
tude, with a power of 60, the aperture diminished 
to 9-10ths of an inch.. A few minutes afterward 
could perceive it, but indistinctly, with a power 
of 30, the aperture contracted as above. It could 
not be seen very distinctly with this power until 
about half an hour before sunset. It was then 
seen rather more distinetly when the aperture was 
contracted than without the eontraction. May 
7th, saw the star Deneb, or ¢ Leonis, distinctly: 
with a power of 60, about an hour anda half be- 
fore sunset. August 20th, saw Ras Alhague, or 
# Ophiuchi, at 4h. 40m., Pr. m., with a power of 100, 
the sun being nearly three hours above the hori- 
zon, and shining bright. Perceived it about an 
hour afterward with a power of 60, with the aper- 
ture contracted to 9-l0ths of an inch, and also 
when this contraction was removed. ‘The star 
was seen nearly as.distinctly in the last case as in 
the first. . August 27, 5h., p. m.,the same star ap- 
peared quite distinct with a power of 60, the 
aperture not contracted. It did not appear more 
distinct when the aperture was contracted to 





* The right ascensions, declinations, longitudes, &c., 
stated in these memoranda, which were noted at the time 
of observation, are only approximations to the truth; perfect 
accuracy in these respects being of no importance in such 
observations.. They are, however,.in general, within a 
_ minute or two of the truth, The times of the observations, 

too, are noted in reference, not to the astronomical, but to 

the civil day. The astronomical day commences at 12 

noon, and the hours are reckoned, without interruption, to 

we noon, The civil day commences at 12 mid- 

night. 
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9-10ths of an inch. The sun was then more 
than two hours above the horizon. August 28th, 
saw the star Pollux, or ¢ Gemini, two hours after 
sunrise, with a power of 60, aperture undiminish- 
ed. ‘November 12th, 1h. 30m., rv. m., saw the star 
Altair, or « Aguile, with an 8% inch telescope, 
one inch aperture, carrying a power of 45, the 
aperture not contracted. Having contracted the 


aperture a little, it appeared somewhat less dis- 
Thisista 


‘is reckoned by some to belong to 
of the first magnitude, but in 
: emeris’? and other almanacs it is 
generally marked as being of the second magni- 
tude. It forms a kind of medium between stars 
of the first and second magnitude. 

Similar. observations, giving the same results, 
were made on the stars Bellatrix, Orion’s Girdle, 
a Andromede, 2 Pegasi, Alioth, Benetnasch, North 
Crown, or # Corone Borealis, and various other 
stars of the same magnitude.’ i t 

From the above and several hundreds of similar 
observations, the following conclusions are deduced:. 

1. That a magnifying power of 30 times is suffi- 
cient for distinguishing a fixed star of the first 
magnitude, even at, noonday, at any season of the 
year, provided it have a moderate degree of eleva- 
tion above the horizon, and. be not within 30° or 
40° of the Sun’s body; also, that by a magnifying 
power of 15, a star of this class may be distin- 
guished when the sun is not more than an hour 
and a half above the horizon; but, in every case, 
higher powers are to be preferred... Powers of 45 
or 60, particularly the last, were found to answer 
best in most cases, as with such powers the eye 
could fix on the star with ease as soon as it en- 
tered the field of the telescope. 

2. That most of the stars of the second magni- 
tude may be seen with a power of 60 when the 
sun is not much more than two hours above the 






| horizon; and, at any time of the day, the bright- 


est. stars of ‘this class may be seen with a power 
of 100 when the sky is serene, and the star not 
too near the quarter in which the sun appears. 

3. That, in every instance, an increase of mag- 
nifying power has the principal effect in rendering 
a star easily perceptible; that diminution of aper- 
ture, in most cases, produces a very slight effect— 


| in.some cases none at all; and, when the aperture 


is contracted beyond a certain limit, it produces a 
hurtful effect. The cases in which a moderate 
contraction is useful. are the two following; 1. 
When the star, appears in a bright part of the 
sky, not far from that quarter in which the sun 
appears. 2. When an object-glass. of a large 
aperture and a small degree of magnifying power 
is used. In almost every instance, the contrac- 
tion of the object-glass of the 814 inch telescope 
with a power of 45 had a hurtful effect; but when 
the 20 inch telescope carried a power of only 15, 
the contraction served to render the object more 
perceptible. 


OBSERVATIONS ON THE PLANETS MADE IN THE DAY- 
: TIME. 


Some of the planets are not so easily distin- 
guished in the day-time as the fixed stars of the 
first magnitude. The one which is most easily 
distinguished at all times is the planet Venus. 

1. Observations on Venus.—My observations on 
this planet commenced about the end of August, 
1812, about three or four weeks after its inferior 
conjunction. About that period, between ten and 
eleven in the forenoon, with a power of 45, it ap- 
peared asa beautiful crescent, quite distinct and 
well-defined, with a luster similar to that of the 
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moon about sunset, but of a whiter color. The 
view of itssurface and phase was fully more dis- 
tinct and satisfactory than what is obtained in the 
evening after sunset; for, being at a high eleva- 
tion, the undulation near the horizon did not 
affect the distinctness of vision. The planet was 
then very distinctly seen with a power of seven 
times, when it appeared like a star of the first or 
second magnitude. I traced the variation of its 

hases almost every clear day untilithe month of 

ay, 1813. As at that time it ms nt fr from 
its superior conjunction with the sun, I wished to 


ascertain how near its conjunction with that lu-' 


minary it might be seen, and particularly whether 
it might not-be possible, in certain cases, to see 
it at the moment of its conjunction. 

The expressions of all astronomical writers pre+ 
vious to this period, when describing the phases 
of Venus, either directly assert, or at least imply, 
thateit is impossible to see that planet, in any in- 
stance, at the time of its superior conjunction. 
This is the language of Dr. Long, Dr. Gregory, 
Dr. Brewster, Ferguson, Adams, B. Martin, and 
most other writers on the science of Astronomy. 
How far such language i8 correct will appear 
from the following observations and remarks. 

pril 24, 1813, 10h. 50m., a. ., cbserved Venus 
with a power of 30, the aperture not contracted. 
She was then about 31 minutes of time in right 
ascension distant from the sun, their difference of 
declination 3° 59’. She appeared distinct and 


well-defined. With a power of 100, could distin- |. 


guish her gibbous phase. May Ist, 10h. 20m., a. m., 
viewed this planet with a power of 60, the aper- 
ture not contracted. It appeared distinct. Saw 
it about the same time with a power of 15, the 
aperture being contracted to 9-10ths of an inch. 
Having contracted the aperture to half an inch, 
saw it more distinctly. When the contracted 
apertures were removed, the planet could with 
difficulty be distinguished, on account of the di- 
rect rays of the sun striking on the inside of the 
tube of the telescope. The sun was shining bright, 
and the planet about 25’ of time in R. A. west of his 
center, their difference of declination being 3° 7’. 
May 7th, 10h., a. m., saw Venus distinctly with a 

ower of 60; the sun shining bright. It was then 
about 19’ of time in R. A., and 4° 27’ in longitude 
west of the sun, their, difference of declination 
being 2918’. I found a diminution of aperture 
particularly useful when viewing the planet at 
this time, even when the higher powers were ap- 
plied. This was the last observation I had an 
opportunity of making prior to the conjunction 
of Venus with the sun, which happened on May 
Q5th, at 9h, 3m., a.m. Its geocentric latitude at 
that time being about 16’ south, the planet must 
have passed almost close by the sun’s southern 
limb. Cloudy weather for nearly a month after 
the last observation prevented any further views of 
the planet, when it was in that part of the heavens 
which was within the range of the instrument. 
The first day that proved favorable after it had 
passed the superior conjunction was June 5th. 
The following is the memorandum of the obser- 
vation then taken: 

June 5th, 9h., a.m., adjusted the equatorial tele- 
scope for viewing the planet Venus, but it could 
not be perceived on account of the direct rays of 
the sun entering the tube of the telescope. 1 con- 
trived an apparatus for screening his rays, but 
could not get it conveniently to move along with 
the telescope, and theréfore determined to wait 
until past eleven, when the top of the window of 
the place of observation would intercept the solar 
rays. At 11h, 20m., a.m., just as the sun had 
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passed the line of sight from the eye to the top 


of the window, and his body was eclipsed by it, 1 
was gratified with a tolerably distinct view of the 
planet, witha power of 60, the. aperture being’ 
contracted to 9-10ths of an inch. This distinct- 
ness increased as the sun retired, until, in two or 
three minutes, the planet appeared perfectly well- 
defined. Saw it immediately afterward with a 
power of 30, the aperture contracted as before. 
Saw it also quite distinctly with a power of 15; 
but it could not be distinguished with this power 
when the contracted aperture was removed. At 
this time Venus was just 3° in longitude, or about 
13’ in time of R. A. east of the sun’s center, and 
of course only about 23/th degrees from his east- 
ern limb; the difference, of their declination being 
27’, and the planet’s latitude 11’ north. : 

Several years afterward I obtained views of this 
planet when considerably nearer the sun’s margin 
than as stated in the above observation, particu- 
larly on the 16th of October, 1819, at,which time 
Venus was seen when only six days and nineteen 
hours past the time of the superior conjunction. 
At that time its distance from the sun’s eastern 
limb. was only 1° 28’ 42”. A subsequent obser- 
vation proved that Venus can be seen when only 
1° 27’ from the sun’s margin, which I consider as 
approximating to the nearest distance from the 
sun: at which this planet is distinctly visible. I 
shall. only state, further the two or three follow- 
ing observations. 

June 17th, 1813, 10h., a. m., saw Venus with a 
power of 60, the aperture being contracted to 
9-10ths of, an inch, the direct rays of the sun not 
being intercepted by the top of the window. The 
aperture having been farther contracted to half 
an inch, could perceive her, but not quite so dis- 
tinctly. When the contractions were removed, 
she could scarcely be seen. She was then 3° 33’ 
in longitude, and nearly 15 minutes, in time of 
R. A. distant from the sun’s center. Some fleeces 
of clouds having moved across the field of view, 
she was seen remarkably distinct in the interstices, 
the sun at the same time being partly obscured 
by them. August. 19th, 1h. 10m., p. m., viewed 
Venus with a. magnifying power of 100. Could 
perceive her surface and gibbous phase almost as 
distinctly as when the sun is below the horizon. 
She appeared bright, steady in her light, and well- 
defined, without that glare and tremulous appear- 
ance she exhibits in the evening when near the 
horizon. She was then nearly on the meridian. 
On the whole, such a view of this planet is as 
satisfactory, if not preferable, to those views we 
obtain with an ordinary telescope in the evening, 
when it is visible to the naked eye. 

All the particulars above stated have been con-+ 
firmed by many subsequent observations conti- 
nued throughout a series of- years. I shall state 
only two recent observations, which show that 
Venus may be seen somewhat nearer the sun than 
what is deduced from the preceding observations, 
and at the point of its superior conjunction. 
March 10th, 1842, observed the planet Venus, 
then very near the sun, at 19 minutes past 11, 
A.M. It had passed the point of its superior con- 
junction with the sun on the 5th of March, at 1h. 
19m., P.M. The difference of right ascension be+ 
tween the sun and the planet was then about 61g 
minutes of time, or about 1° 3714’, and it was 
only about 1° 21’ distant from the sun’s eastern 
limb. It appeared quite distinet and well-defined, 
and might perhaps have been seen on the preceding 
day, had the observation been then made. The 
following observation shows that Venus may be 
seen still nearer the sun than in the preceding 
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observations, and even at the moment of its superior 
conjunction. On the 2d of October,»1843, this 
planet passed the point of its superior conjunc- 
tion with the sun at 4h. 15m., p.m. At two o’clock, 
p.m., only two hours before the conjunction, I 
perceived the planet distinctly, and kept it in view 
for nearly ten minutes, until some dense clouds 
‘intercepted the view. It appeared’ tolerably dis- 
tinct and well-defined, though not brilliant, and 
with a round, full face, and its apparent path was 
distinctly traced several times across the field of 
view of the telescope. I perceived it afterward, 
about half past four, p.m., only a few minutes 
after it had passed the point of conjunction, on 
which occasion it appeared less distinct than in 
the preceding observation, owing to the low alti- 
tude of the planet, being then only a few degrees 
above the horizon. The observations, in this in- 
‘stance, were made, not with an equatorial instru- 
ment, which I generally use in such observations, 
but with a good achromatic telescope of 44! 
inches focal distance, mounted on a’ common 
tripod, with a terrestrial power of 95 times. A 
conical tube about ten inches long was fixed on 
the object-end of the telescope, at the extremity 
of which an aperture 14g inches in diameter was 
placed, so as to intercept, as much as possible, the 
direct ingress of the solar rays. The top of the 
upper sash of the window of the place of obser- 
vation was likewise so adjusted as to intercept.the 
greater part of the sun’s rays from entering the 
tube of the telescope. The sun’s declination at 
that time was 3° 26’ south, and that of Venus 2° 
12’ south; consequently, the difference of decli- 
nation was 1° 14’— the distance of Venus from 
the sun’s center; and as the sun’s diameter was 
about 16’, Venus was then only 58’ from the sun’s 
northern limb, or 6’ less than two diameters of the 
sun. 

This is the nearest approximation to the sun at 
which I have ever beheld this planet, and it de- 
monstrates that Venus may be seen even within 
a degree of the sun’s margin; and it is, perhaps, 
the nearest position to that luminary in which 
this planet can be distinctly perceived. It shows 
that the light reflected from the surface of Venus 
is far more brilliant than that reflected from the 
surface of our moon; for no trace of this noctur- 
nal luminary can be perceived, even when at a 
much greater distance from the sun, nor is there 
any other celestial body that can be seen within 
the limit now stated. Thisis the first observation, 
so far as my information extends, of Venus having 
been seen at the time of her superior conjunc- 
tion.* ‘ 

The practical conclusion from this observation 
is, that at the superior conjunction of this planet, 
when its distance from the sun’s margin is not 
less than 58’, its polar and equatorial diameter may 
be measured by a micrometer, when it will be de- 


termined whether or not Venus bé of a spheroidal | 


figure. The Earth, Mars, Jupiter, and Saturn 
are found to be, not spheres, but spheroids, having 
their polar shorter than their equatorial diameters. 
But the true figure of Venus has never yet been 
ascertained, because it is only at the superior con- 
junction that she presents a full, enlightened 
hemisphere, and when both diameters can be 
measured, except at the time when she transits 
the sun’s disc, which happens only twice in the 
course of 129 years.t 





* This observation is inserted in the ‘* Edinburgh Philo- 
sopbical Journal” for January, 1844. 

+ The late Dr. Benjamin Martin, when describing the 
nature of the solar telescope, in his “ Philosophia Britan- 
nica,” vol. ili, p. 85, gives the following relation: “JI can- 
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The following conclusions are deduced from 
the observations on Venus: a 

1. That this planet may be seen distinctly, with 

a moderate degree of magnifying power, at the 

moment of its superior conjunction with the sun, 

when its geocentric latitude, either north or south, 

at the time of conjunction, is not less than 19 

14’, or when the planet is about 58’ from the 





not relligtin vot a very unusual phenomenon that I 


observed ten years ago in my darkened room, The 
window looked toward the west, and the spire of Chiches- 


ter Cathedral was before it at the distance of 50 or 60 yards, 
I used very often to divert myself by observing the pleasant 
manner in which the sun passed behind the spire, and was 
eclipsed by it for some time; for the image of the sun and 


of the spire were very large, being made by a lens of 12 feet » 


focal distance; and once, as I observed the occultation of 
the sun behind.the spire, just as the disc disappeared, I saw 
several small, bright, round bodies or balls running toward 
the sun from the dark part of the room, even to the distance 
of 20 inches, J observed their motion was a little irregular, 
but rectilinear, and seemed accelerated as they approached 
the sun. These luminous. globules appeared also on the 
other side of the spire, and preceded the sun, running out 
into the dark, room, sometimes more, sometimes less, to- 
gether, in the same manner as they followed the sun at its 
occultation. They appeared to be, in general, one-twen- 
tieth of an-inch in diameter, and therefore must be very 
large, luminous globes in some part-of the’ heavens, whose 
light was extinguished by that of the sun, so that they ap- 
peared not in open daylight; but whether of the meteor 
kind, or what sort.of bodies they might be, I could not con- 
jecture.” Professor Hansteen mentions that, when em- 
ployed in measuring the zenith distances of the pole-star, 
he observed’a somewhat similar phenomenon, which He de- 
scribed as ‘* a luminous body which passed over the field of 
the universal telescope; that its motion was neither perfectly 
equal nor rectilinear, but resembled very much the unequal 
and somewhat serpentine motion of an ascending rocket;” 
and he concluded that it must have been ‘a meteor” or 
“ shooting star’? descending from the higher regions of the 
atmosphere, (See Edinburgh Philosophical Journal for 
April, 1825, No. xxiv.) 

In my frequent observations on Venus, to determine the 
néarest positions to the sun in which that planet could be 
seen, J had several times an opportunity of witnessing simi. 
lar phenomena. I was nota little surprised, when search- 
ing for the planet, frequently to perceive a body pass across 
the field of the telescope, apparently of the same size as 
Venus, though sometimes larger and sometimes smaller, so 
that [ frequently mistook that body for the planet, until its 
rapid motion undeceived me. In several instances four or 
Jive of these bodies appeared to cross the field of view, 
sometimes ina perpendicular, and at other times in a hori- 
zontal direction. ‘hey appeared to be luminous bodies, 
somewhat resembling the appearance of a planet when 
viewed in the day-time with a moderate magnifying power, 
Their motion was nearly réctilinear, but sometimes inclined 
to a waving or serpentine form, and they appeared to move 
with considerable rapidity—the telescope being furnished 
with a power of about 70 times. Iwas for a considerable 
time at a loss what opinion to form of the nature of these 
bodies; but, having occasion to continue these observations 
almost every clear day for nearly a twelvemonth, [ had fre- 
quent opportunities of viewing this phenomenon in different 
aspects, and was atlength enabled to form an opinion as to 
the cause of at least some of the appearances which present- 
ed themselves. In several instances, the bodies alluded to 
appeared much larger than usual,,and to move with a more 
rapid velocity; in which case I could plainly perceive that 
they were nothing else than birds of different sizes, and 
apparently at different distances, the convex surface of whose 
bodies, in certain positions, strongly reflected the solar rays, 
In other instanees, when they appeared smaller, their trne 
shape was undistinguishable, by reason of their motion and 
their distance. : 

Having inserted a few remarks on this subject in No. xxv, 
of the Edinburgh Philosophizal Journal for July, 1825, par- 
ticularly in reference to Professor Hansteen’s opinion, that 
article came under the review of M. Serres, sub-prefect of 
Embrun, in a paper inserted in the Annales de Chimie for 
October, 1825, entitled ‘* Notices regarding fiery meteors 
seen during the day.” (See:Edinburgh Philosophical Jour. 
nal for July, 1826, p. 114.) « In the diseussion of this subject, 
M. Serres admits that the light reflected very obliquely from 
the feathers of a bird is capable of producing an effect simi- 
lar to that which I have now described, but that the ex. 
planation ought not to be generalized.” He remarks, that 
while observing the sun at the repeating circle, he frequently 
perceived, even through the colored glass adapted to the 
eyepiece, large luminous points which traversed the field of 


| the telescope, and which appeared too well-defined not to 


‘ 


sun’s limb This conclusion is deduced from the 
observation of October 2, 1843,* stated above. 

2. Another conclusion is, that during the space 
of 583 days, or about 19 months—the time this 
planet takes in moving from one conjunction with 
the sun to a like conjunction again—when its 
latitude at the time of its superior conjunction 
exceeds 1° 14’, it may be seen with an equatorial 
telescope every clear day without interruption, 


except about the period of its infenie njunc- 
tion, when its dark hemisphere is turne ee 


its geocentric latitude is less than 1° 14’, it will 
be hid only about four days before, and the same 
time after its superior conjunction. During the 
same’period it will be invisible to the naked eye, and 
consequently no observations can be made upon it 
with a common telescope for nearly six months, 
and sometimes more, according as its declination 
is north or south, namely, about two or three 
months before, and the same time after its supe- 
rior conjunction, except where there is a very 
free and unconfined horizon. In regard to the 
time in which this planet ean be hid abcut the 
period of its wjferior conjunction, I have ascer- 
tained from observation that it can never be hid 
longer than during a space of 2 days 22 hours, 
having seen Venus, about noon, like a fine, 
slender crescent, only 35 hours after she had 





admit them to be distant, and subtended too large angles to 
imagine them birds. Jn illustration of this subject, he 
states the following facts: On the 7th of September, 1820, 
after having observed for some time the eclipse of the sun 
which happened on that day, he intended to take a walk in 
the fields, and on crossing the town, he saw a numerous 
group of individuals of every age and sex, who had their 
eyes fixed in thé diréction of the sun, Farther on, he per- 
eeived another group, having their eyes in like manner 
tured toward the san, He questioned an intelligent artist 
who was among them to learn the object that fixed his at- 
tention. He replied, ‘* We are looking at the stars which 
are detaching themselves from the sun.”’ “ You may look 
ourself; that will be the shortest way to learn the fact.” 
e looked, and saw, in fact, not stars, but balls of fire, of a 
diameter equal to the largest stars, which were projected in 
various. directions from the upper hemisphere of the sun, 
with an incalculable velocity; and although this velocity of 
projection appeared the same in all, yet they did not all at- 
fain the same distance. These globes were projected at 
nnequal and pretty short intervals.. Several were often pro- 
geeies at once, but always diverging from. one another. 
some of them described a right line, and were extinguished 
in the distance ; some described a parabolic line, and were 
in like manner extinguished; others, again, after having re- 
moved to a certain’ distance, in a right line, retrograded 
upon the same line, and seemed to enter, still luminous, 
into the sun’s disc. ‘he ground of this magnificent picture 
was a sky-blue, somewhat tinged with brown. Such was 
his astonishment at the sight of so majestic a spectacle, 
that it was impossible for him to keep his eyes off it until 
it ceased, which happened gradually as. the eclipse wore off 
and the solar rays resumed their ordinary Iuster. It was 
remarked by one of the crowd that “the sun projected 
most stars at thé time when it was palest;’’ ani that the 
eircumstance which first excited attention to this phenome- 
non was that of a woman, who cried out, ‘*Come here ! 
come and see the flames that are issuing from the sun !” 
[have stated the above facts because they may afterward 
tend to throw light upon certain objects or phenomena with 
which we are at present unacquainted. ‘The phenomenon 
of *‘ falling stars’? has of late years excited considerable 
attention, and it seems now to be admitted that at least 
certain species of these bodies descend from regions far be- 
yond the limits of our atmosphere. This may be pronounced 
as certain with regard to the * November Meteors.” May 
not some of the phenomena described above be connected 
with the fall of meteoric stones—the showers of falling 
stars seen on the 12th and 13th of November, or other me- 
teoric phenomena whose causes we have hitherto been un- 
able toexplain?, Or, may we conceive that certain celestial 
bodies, with whose nature and destination we are as yet 
unacquainted, may be revolving in different courses in the 
regions around us, some of them opaque and others lumi- 
nous, and whose light is undistinguishable by reason of the 
solar effulgence ? 
* For an explanation of the mannerof viewing Venus at 
her superior conjunction, see ‘ Celestial Scenery.” ° 


OBSERVATIONS ON THE PLANETS. 
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ard the 
earth, and a short time before and after it. When 
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|passed the point of her inferior conjuction; and 


in a late instance she was seen when little more 
than a day from the period of conjunction. -The 
longest time, therefore, that this planet.can be hid 
from view during a period of 583 days, is only 
about ten days; and when its latitude at the time 
of the superior conjunction equals or exceeds 19° 
14’, it can be hid little more than two days. This 
is a circumstance which cannot be aflirmed.of 
— other celestial body, the sun only excepted. 

. That every variation of the phases of this 
planet, from a slender crescent to a full enlight- 
ened hemisphere, may, on every clear day, be 
conveniently exhibited by means of the equato- 
rial telescope. This circumstance renders this 
instrument’ peculiarly useful in, the. instruction 
of the young in the principles of astronomy; for 
if the phase which Venus should exhibit at any 
particular time be known, the equatorial tele- 


'scope may be directed to the planet, and its actual 


phase in the heavens be immediately exhibited to 
the astronomical pupil. 

A. Since it is only at the period of the superior 
conjunction that this planet presents a full en- 
lightened hemisphere, and since it is only when 
this phase is presented that both its diameters can 
be measured, it is of some importance that ob- 
servations be made on it at the moment of con- — 
junction; by means of powerful telescopes furn- 
ished with micrometers, so as to determine the 
difference (if any) between its polar and equato- 
rial diameters. 

5. Another conclusion from the observations 
on Venus is, that a moderate diminution of the 
aperture of the object=glass of the telescope is 
useful, and even necessary, in viewing this planet 
when near the sun. Its effect is owing in part to 
the direct solar rays being thereby effectually ex- 
cluded, for when these rays enter directly into 
the’ tube of the telescope, it is very difficult, and 
almost impossible, to perceive this planet, or any 
other celestial body when in the vicinity of the sun. 


OBSERVATIONS ON JUPITER AND OTHER PLANETS. 


This planet is very easily distinguished in the 
day-time witha very moderate magnifying power, 
when it is not within 30° or 35° of the sun. The 
following extract from my memorandums may 
serve as a specimen: May 12, 1813, lh. 40m., 
Pp. M., saw Jupiter with a power of 15 times, the 
aperture not contracted. ‘The planet appeared so 
distinct with this power that I have reason to be- 
lieve it would have been perceived with a power 
of six or seven, times. When the aperture was 
contracted to 9-10ths of an ineh, and afterward 
to half an inch, there was little perceptible differ- 
ence in its appearance. It was then about 58° in 
longitude east of the sun. 

Though Jupiter, when at a considerable dis- 
tance from the sun, and near his opposition, ap- 
pears to the naked eye with a brilliancy nearly 
equal to that of Venus, yet there is a very strik- 
ing difference between them in respect of luster 
when viewed in daylight. Jupiter, when viewed 
with a high magnifying power in the day-time, 
always exhibits a very dull, cloudy appearance, 
whereas Venus appears with a moderate degree 
of splendor. About the end of June, 1813, be- 
tween five and six in the evening, having viewed 
the planet Venus, then within 20° of the sun, 
and which appeared with a moderate degree of 
luster, I directed the telescope to Jupiter, at that 
time more than 32° from the sun, when the con- 
trast between the two planets was very striking, 
Jupiter appearing so faint as to be just discernible, 


oa 


. 


though his apparent magnitude was nearly double 
that of Venus. In this observation a power 
of 65 was used. In his approach toward the 
sun, about the end of: July, I could .not per- 
ceive him when he was within 16° or 17° of his 
conjunction with that luminary. These circum- 
stances furnish a sensible and popular proof, inde- 
pendently of astronomical calculations, that the 
planet Jupiter is placed at a much greater distance 
from the sun than Venus, since its light is so faint 
as to be scarcely perceptible when more, than 20 
degrees from the sun, while that of Venus is dis- 
tinctly seen amid the full splendor of the solar 
rays, when only about a degree from the margin 
of that luminary. With a power of 65 1 have 
been enabled to distinguish the bells of Jupiter 


before sunset, but could never perceive any of his | 


satellites until the sun was below the horizon. 
There are no observations which so sensibly and 
strikingly indicate the different degrees of light 
emitted by the different. planets as those which 
are made in the day-time. ‘To a common obser- 
ver, during night, Jupiter and Venus appear, in a 
clear sky, nearly with equal brilliancy, and even 
Mars, when about the point of his opposition to 
the sun, appears. with a luster somewhat similar, 


though tinged with a ruddy hue; but when seen | 


in daylight their aspect is very dissimilar. This 
circumstanee evidently indicates, 1.'That these 
planets are placed at different distances from the 
sun, and consequently are furnished with differ- 
ent degrees of light proportional to the square of 
their distances from that luminary; and, 2. That 
there are certain circumstances connected with 
the surfaces and atmospheres of the planetary 
bodies which render the light they emit more or 
less intense, independently of their different dis- 
tances from the central luminary ; for Mars, 
though much nearer to the sun than Jupiter, is 
not so easily distinguished in the day-time, and 
éven in the night-time appears with a less degree 
of luster. 

My observations on Saturn in daylight bave 
not been so frequent as those on Jupiter. I have 
been enabled to distinguish his ring several times 
before sunset with, a power of 65, but his great 
southern declination, and consequent low altitude, 
at the periods when these observations were made, 
were unfavorable for determining the degree of 
his visibility in-daylight; for a planet or astar is 
always more distinctly perceptible in a high than 
in a low altitude, on account, of the superior 
purity of the atmosphere through which a celes- 
tial object is seen when at a high elevation above 
the horizon. This planet, however, is not nearly 
so distinctly visible in daylight as Jupiter, and I 
have chiefly seen it when the sun was not more 
than an hour or two above the horizon, but never 
at noonday, although it is probable that with 
powerful instruments it may be seen even at that 
period of the day. The planet Mars, is seldom 
distinctly visible in the day-time, except when at 
no great distance from its opposition to the sun. 
The following is a memorandum of an observa- 
tion on Mars, when in a favorable position: Octo: 
ber 24, 1836, saw the planet Mars distinctly with 
a power of about 6),.at 40 minutes past 9, a. m., 
the sun having been above the horizon nearly 
three hours. It appeared tolerably distinct, but 

-searcely so brilliant as a fixed star of the first 
magnitude, though with apparently as much light 
as Jupiter generally exhibits when viewed in day- 
light. It could not be traced longer atthe time, 
so as to ascertain if it could be seen at midday, 
on account of the interposition of the western 
side of the window of the place of observation. 











planet—doubtless caused 
by a dense atmosphere with which it is environed 
—is one of the causes which prevents.its appear- 


ing with brilliancy in the day-time. With respect 
to the planet Mercury, I have had opportunities 
of Sbsenting it several times after sunrise and be- 


fore sunset, about 10 or 12 days before and after 
its greatest elongation from the sun, with a power 
of 45. I have several times searched for this 
planet about noon, but could not perceive it. The 
air, howeyer, at the times alluded to, was: not 
very, clear, and I was not certain that it was 
within the field of the telescope, and therefore I 
am not convinced but that, with a moderately 
high power, it may be seen even at noonday. 

Such are some of the specimens of the obser- 
vations I have made on the heavenly bodies in the 
day-time, and the conclusions which may be de- 
duced from them. I have been induced to com- 
municate them from the consideration that the 
most minute facts in relation to any science are 
worthy of being known, and may possibly be use- 
ful. They may at least gratify the astronomical 
tyro with some information which he will not 
find. in the common treatises on Astronomy, and 
may perhaps excite him to prosecute a train of 
similar observations for confirming or correcting 
those which have been noted above. 

Beside the deductions already stated, the fol- 
lowing general conclusions may be noted: 1. 
That a celestial body may be as:easily distinguish- 
ed at noonday as at any time between the hours 
of nine in the morning and three in the afternoon, 
except during the short days in winter. 2. They 
are more easily distinguished ata high than at a 
low altitude—in the afternoon than in the morn- 
ing, especially if their altitudes be low—and in 
the northern region of the heavens than in the 
southern. "The difficulty of perceiving them at a 
low altitude is obviously owing to the thick vapors 
near the horizon. ‘Their being less easily distin-, 
guised, in the morning than in the afternoon is 
owing to the undulations of the atmosphere, 
which are generally greater in the morning than 
in the afternoon. ‘This may be evidently perceiv- 
ed by looking at distant land objects at those 
times, in a hot day, through a telescope which 
magnifies about 40 or 50 times; when they will be 
found to appear tremulous and distorted in conse- 
quence of these undulations, especially if the sun 
be shining bright. In consequence of this cir+ 
cumstance, ‘we can seldom use a high terrestrial 
power with effect on land objects except early in 
the morning and a short time before sunset. 
Their being more easily distinguished in the nor- 
thern region of the heavens is owing to that part 
of the sky being of a deeper azure, on account 
of its being less enlightened than the southern 
with the splendor of the solar rays. 


UTILITY OF CELESTIAL DAY OBSERVATIONS. 


The observations on the heavenly bodies in the 
day-time, to which I have now directed the atten- 
tion of the reader, are not to be considered as 
merely gratifications of a rational curiosity. but 
may be rendered'subservient to the promotion of 
astronomical science. As to the planet Venus: 
when I consider the degree of brilliancy it exhib- 
its, even in daylight, 1 am convinced that useful 
observations might frequently be made on its sur- 
face in the day-time, to determine some of its 
physical peculiarities and-phenomena. Such ob- 
servations might set at rest any disputes which 
may still exist respecting the period of rotation 
of this planet. Cassini, from observations on a 
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UTILITY OF DAY OBSERVATIONS. 


bright spot, which advaigii in Odh. 34m., 
determined the time of its rotation to be 23 hours 
20 minutes. On the other hand, Bianchini, from 


similar observations, concluded that its diurnal | 


period was 24 days and 8 hours. The difficulty 
of deciding between these two opinions arises 
from the short time in which observations can be 
made on this planet, either before sunrise or after 
sunset, which prevents us from tracing with accu- 
racy the progressive motion of its spots for a 
sufficient length of ‘time; and, although» an ob- 
server should mark the motion of the spots at the 
same hour on two succeeding evenings, and find 
they had moved forward 15° in 24 hours, he 
would still be at a loss to determine whether they 
had moved only 15° in all since the preceding 
observation, or had finished a revolution and 15° 
more. If, therefore, any spots could be perceived 
on the surface of Venus in the day-time, their 
motion might be traced, when she is in north de- 
clination, for 12 hours or more, which would 
completely settle the period of rotation. That it 
is not improbable that spots fitted for this purpose 
may be discovered on her disc in the day-time, 
appears from some of the observations of Cassini, 
who saw one of her spots when the sun was 
more than eight degrees above the horizon.* , The 
most distinct and satisfactory views I have ever 
nad of this planet were those which I obtained in 
the day-time, in summer, when it was viewed at a 
nigh altitude with a.44!¢ inch achromatic tele- 
scope, carrying a power of 150. I:have at such 
times distinctly perceived the distinction between 
the shade and color of its margin and the superior 
luster of its central parts, and some. spots have 
occasionally been seen, though not so distinctly 
marked as to determine its rotation. Such dis- 
tinct views are seldom to be obtained in the even- 
ing after sunset, on account of the undulations of 
the atmosphere, and the dense mass of vapors 
through which the celestial bodies. are viewed 
when near the horizon. 

Nor do I consider it altogether improbable that 
its satellite (if it have one, as some have supposed) 
may be detected in the day-time, when this planet 
is in a favorable position for such an observation, 
particularly when a pretty large portion of its 
enlightened surface is turned toward the earth, 
and when its satellite, of course, must present a 
similar phase. About the period of its greatest 
elongation from the sun, and soon after it assumes 
a crescent phase in its approach to the inferior 
conjunction, may be considered as the most eligi- 
ble times for prosecuting such observations. If 
this supposed satellite be about one-third or one- 
fourth of the diameter of its primary, as Cassini, 
Short, Baudouin, Montbarron, Montaigne, and 
other astronomers supposed, it must he nearly as 
large as Mercury, which has been frequently seen 
in daylight. If such asatellite have a real exist- 
ence, and yet undistinguishable in daylight, its 
surface must be of a very different quality for 
reflecting the rays of light from that of its pri- 
mary; for it is obvious to every one who has seen 
Venus with a high power in the day-time, that a 
body of equal brilliancy, though four times less 
in diameter, would be quite perceptible, and ex- 
hibit a visible disc. Such observations, however, 

»would be made with much greater effect in Italy 
and other southern countries, and particularly in 
tropical climates, such as the southern parts of 
Asia and America, and in the West India islands, 
where the sky is more clear and serene; and where 





* See Long’s Astronomy, vol. ii, p. 487, and Encyclopedia 
Britannica, vol. ii, p. 436, 3d edition. 
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the planet may be viewed at higher altitudes and 
for a greater length of time, without the interrup- 
tion of clouds, than in our island. 

Again, the apparent magnitudes of the fixed 
stars, the quantity of light they respectively emit, 
and the precise class of magnitude which should 
be assigned to them, might be more accurately 


determined by day observations than by. their ap- 


pearance in the nocturnal sky. All the stars 

which are reckoned to belong to the first magni- 
tude.are not equally distinguishable in daylight. 
For example, the stars Aldebaran and Procyon 
are not so easily distinguished, nor do they appear 
with the same degree of luster by day, as the 
stars « Lyre and Capella. In like manner, the 
stars Altair, Alphard, Deneb, Ras Alhague, consid- 
ered as belonging to the second magnitude, are’ 
not equally distinguishable by the same aperture 
and magnifying power, which seems to indicate 
that a different quantity of light is emitted by 
these stars, arising froma difference either in their 
magnitude, their distance, or the quality of the 


‘light with which they are irradiated. 


The following are likewise practical purposes 
to which celestial day observations may be applied. 
In accurately adjusting circular and transit instru- 
ments, it is useful, and even necessary, for deter- 
mining the exact position of the meridian, to take 
observations of certain stars which differ greatly 
in zenith distance, and which transit the meridian 
nearly at the same time. But as the stars best 
situated for this purpose cannot, at every season, 
be seen in the evenings, we must, in certain cases, 
wait for several months before such observations 
can be made, unless we make them in the day- 
time, which can very easily be done if the instru- 
ment have a telescope adapted to it, furnished with 
such powers as those above stated, or higher pow- 
ersiif required. I have likewise made use of ob- 
servations on the stars in the day-time for adjusting ~ 
a clock or watch to mean time, when the sun was 
ina situation beyond the range of the instrument, 
or obscured by clouds, and when. I did not choose 
to wait until the evening. This may, at first 
view, appear to some as: paradoxical, since the 
finding of a star in daylight depends on our 
knowing its right ascension from the sun, and 
this last circumstance depends, in some measure, 
on our knowing the true time. But if a watch 
or clock is known not,to have varied above seven 
or eight minutes from the time, a star of the first 
magnitude may easily be found by moving the 
telescope a little backward or forward until the 
star appear; and when it is once found, the exact 
variation of the movement is then ascertained by 
comparing the calculations which were previously 
necessary with the time pointed out by the nonius 
on the equatorial circle; or, in other words, by as- 
certaining the difference between the time assumed 
and the time indicated by the instrument when 
the star appears in the center of the field of view. 
All this may be accomplished in five or six 
minutes. : 

Beside the practical purposes now stated, the 
equatorial telescope is perhaps the best instrument _ 
for instructing a learner in the various operations 
of practical astronomy, and particularly for ena- 
bling him to distinguish the names. and positions 
of the principal stars; for when the right ascen- 
sion and declination of any star is known from 
astronomical tables, the telescope may be im- 
mediately adjusted to point to it, which will infal- 
libly prevent his mistaking one star for another. 
In this way, likewise the precise position of the 
planets Mercury, Uranus, Vesta, Juno, Ceres, Pal- 
las, a small comet, a nebula, a double star, or any 
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other celestial body not easily distinguishable by 
the naked eye, may be readily pointed out, when 
its right ascension and declination are known to 
a near approximation. : : 

In conclusion, I cannot but expressmy surprise 
that the equatorial telescope is so little known, by 
many of the lovers of astronomical science. In 
several respectable academies in this part of Bri- 
tain, and, if I am not misinformed, in most of 
our universities, this instrument is entirely un- 
known. This is the more unaccountable, as a 
small equatorial may be purchased for a moderate 
sum, and as there is no single instrument so well 
adapted for illustrating all the operations of prac- 
tical astronomy. Where very great accuracy is 
not required, it may occasionally be made to serve 
the general purposes of a transit instrument for 
observing the passages of the sun and stars.across 
the meridian. Jt may likewise be made to serve 
as a theodolite for surveying land and taking. hori- 
zontal angles—as a quadrant for taking angles of 
altitude—as a level—as an equal altitude imstru- 
ment—an azimuth instrument for ascertaining the 
sun’s distance from the north or south points of 
the horizon—and as an accurate universal sun- 
dial, for finding the exact mean or true time on 
any occasion when the sun is visible. The. man- 
ner of applying it to these different purposes will 
be obvious to every one. who is in the least ac- 
quainted with the nature and construction of this 
instrument. ' 

The price of a small equatorial instrument, such 
as that described p. 125, is about 16 guineas, ex- 
clusive of some of the eyepieces, which were af- 
terward added for the purpose of making particu- 
lar observations. Instruments of a larger size, 
and with more complicated machinery, sell from 
50 to 100 guineas and upward. Messrs. W. and 
S. Jones, Holborn, London, construct such instru- 


* ments. 


ON THE QUADRANT. 


Every circle being supposed to be divided into 
360 equal parts or degrees, it is evident that 90 
degrees, or the fourth part of acirele, will be suf- 
ficient to measure all angles between the horizon 
of any place and the line perpendicular to it which’ 
goes up to the zenith. Thus, in fig. 87, the line 
C B represents the plane of the horizon. ACB 
H, the quadrant; A C the perpendicular to the ho- 
rizon; and A, the zenith point. If the lines BC 
and C A represent a pair of compasses with the 
legs standing perpendicular to each other, and the 

curved liness AB, D E, 

Fig. 87. and F G, the quarter of as 

many circles of different 
sizes, it is evident that al- 
| though each of these dif- 
fers from the others in size, 

yet that each contains the 

same portion of a circle, 

namely, a quadrant or 

ate parti and thus it 

. wottld be from the smallest 

L GE Btothe largest quadrant that 

could be formed—they 

would all contain exactly 90 degrees each. By 
the application of this principle, the comparative 
measure of angles may be extended to an indefi- 
nite distance. By means of an instrument con- 
structed in the form of a quadrant of a circle, 
with its curved edge divided into 90 equal parts, 


the altitude of any object in the heavens can at 


any time be determined. 


There are various constructions of this instru- 
Ment, some of them extremely simple, and others 
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bly con and expensive, according 
ree of accuracy which the observations 
require The following is a description of the 
Pillar Quadrant, as it was made by Mr. Bird for 
the Observatory of ‘Greenwich, and several. Con- 
tinental observatories. 
This instrument consists of a quadrant, E EH 
GL (fig.88,) mounted on a pillar B, which is 
supported by a tripod, A A, resting on three foot- 
screws. The quadrant, the pillar, and the hori- 
zontal circle all revolve round a vertical’ axis. A 
telescope, H, is placed on the horizontal radius, 
and is directed to a meridian mark previously made 








on some distant object for placing the plane of the 
instrument in the meridian, and also for setting 


Fig. 88. 





















































the zero, or beginning of the scale, truly horizon 
tal. This is sometimes done by a level instea 
of a telescope,.and sometimes by a plumb-line 
G, suspended from near the center, and brough 
to bisect a fine dot made on the limb, where a mi 
croscope is placed to examine the bisection. - Th 
weight or plummet at the end of the plumb-lin 
is suspended in the cistern of water 6, which keep 
it from being agitated by the air. A similar dc 
is made for the upper end of the plumb-line upo 
a piece of brass, adjustable by a screw, d, in orde 
that the line may be exactly at right angles to th 
telescope when it is placed at 0. The quadrant‘ 
screwed by the center of its frame against a piec 
of brass, e, with three screws, and this piece | 
screwed to the top of the pillar B with othe 
three screws. By means of the first three screw 
the plane of the quadrant can be placed exact! 
parallel to the vertical axis, and by the oth 
screws the telescope H, can be placed exactly pe 
pendicular to it. The nut of the delicate scre 
L, is attached. to the end of the telescope F by 

universal joint. The collar for the other end 

jointed in the same manner to a clamp, whic 
can be fastened to any part of the limb. A sim 

lar clamp screw and slow motion is seen at n f 

the lower circle, which is intended to hold tl 





cirele fast and adjust its motion. The divisions « 
| the lower, or horizontal circle, are read by verr 
ers, or noniuses, fixed to the arms of the triped 
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Zand m; and, in some cases, three are U 


tain greater accuracy. 

In using this quadrant, the axis of the telescope 
H is adjusted to a horizontal line, and the plane 
of the quadrant to a vertical line by the means 
already stated. The screw of the clamp Z is then 
loosened, and the telescope directed to the star or 
other’ object whose altitude is required. The 
clamp-screw being fixed, the observer looks through 
the telescope, and with the nut of the screw 
E he brings the telescope into a position where the 
star is bisected by the intersection of the wires in 
the field of the telescope. The divisions are then 
to be read off upon the vernier, and the altitude 
of the star will be obtained. By means of the 
horizontal circle D, all angles in the plane of 
the horizon may be accurately measured, such as 
the amplitudes and azimuths of the celestial bodies. 

Quadrants of a more simple construction than 
the above may be occasionally used, such as Gun- 
ter’s, Cole’s, Sutton’s, and others; but none of 
these is furnished with telescopes or telescopic 
sights, and therefore an altitude cannot be obtained 
by them with the’same degree of accuracy as with 
that which has been now described. 

By means of the quadrant, not only the alti- 
tudes of the heavenly bodies may be determined, 
but also the distances of objects on the earth by 
observations made at two stations; the altitude of 
fireballs and other meteors in the atmosphere; the 
hight of a cloud by observation on its altitude 
and velocity; and numerous other problems, the 
solution of which depends upon angularmeasure- 
ments. A Mural Quadrant is the name given to 
this instrument when it is fixed upon a wall: of 
stone, and in the plane of the meridian, such as 
the quadrant which was erected by Flamstead in 
the Observatory at Greenwich. Although the 
quadrant was formerly much used in astronomi- 
cal observations, yet it may be proper to state that 
its use has now béen almost completely super- 
-seded by the recent introduction of .istronomical 
Circles, of which we shall now give the reader a 
very short description, chiefly taken from Trough- 
ton’s aceount of the instrument he constructed, 
as found in Sir D. Brewster’s Supplement to Fer- 
guson’s Astronomy. 


“THE ASTRONOMICAL CIRCLE. 


An astronomical circle is a complete circle sub- 
stituted in place of the quadrant, and differs from 
it only in the superior accuracy with which it 
enables the astronomer to make his observations. 
The large vertical or declination circle C C (fig. 
89) is composed of twocomplete circles, strength- 
ened by an edge-bar on their inside, and firmly 
united at their'extreme borders by a number of 
short braces or bars, which stand perpendicular 
between them, and which keep them at such a 
distance as to admit the achromatic telescope T’ 
T. This double circle is supported by 16 coni- 
eal bars, firmly united, along with the telescope 
to a horizontal axis. The exterior limb of each 
circle is divided into degrees and parts of a de- 
gree, and these divisions are divided into seconds 
hy means of the micrometer microscopes m m, 
which read off the angle on opposite:sides of each 
circle. ‘The cross.wires in each microscope may 
be moved over the limb, until they coincide with 
the nearest division of the limb, by means of the mi- 
crometer screws ¢ c, and the space moved through 


is ascertained by the divisions on the graduated | 


head above ¢, assistéd by a scale within the micro- 
scope. The microscopes are supported by two 
arms proceeding froma small circle concentric 


| columns. 


- 
135 
with the horizontal axis, and fixed to the vertical 
This circle is the center upon which 
they can turn round nearly a quadrant for the 
purpose of employing a new portion of the divi- 
sions of the circle, when it is reckoned prudent 
to repeat any delicate observations upon any 
part of the limb. Ath is represented a level for 
placing the axis ina true horizontal line, and at 
k is fixed another level parallel to the telescope 
for bringing. the zero of the divisions to a horizon- 
tal position. The horizontal axis to which the 
vertical circle and the telescope are fixed is equal 
in length to the distance between the vertical 
pillars, and its pivots are supported by semicireu- 
lar bearings placed at the top of each pillar 
These two vertical pillars. are firmly united at 
their bases to a crossbar, f. To this crossbar is 
also fixed a vertical axis about three feet long, the 


Fig. 89. 
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end of which, terminating in'an obtuse point, 
rests in a brass conical socket firmly fastened «t 
the bottom of the hollow in the stone pedestal D, 
which receives the vertical axis. This socket 
supports the whole weight of the movable part 
of the instrument. The upper part of the vertical 
axis is supported by two pieces of brass, one of 
which is seen at e, screwed to the ring 7, and con- 
taining a right-angle, or Y. At each side of the 
ting, opposite to the points of contact, is placed a 
tube containing a heliacal spring, which, by a 
constant pressure on the axis, keeps it against its 
bearings, and permits it to turn, in these four 
points of contact, with an easy and steady mo- 
tion. The two bearings are fixed upon two rings 
capable of a lateral adjustment; the lower one by 
the screw d, to incline the axis to the east or west, 
while the screw 6 gives the upper one, i, a- motion 
in the plane of the meridian. By this means, the 
axis may be adjusted to a perpendicular position 


oo 


136 THE PRACTICAL ASTRO 


as exactly as by the usual method of the tripod 
with foot-screws. These rings are attached to the 
center-piece s, which is firmly connected with 
the upper ‘surface of the stone by six conical 
tabes A, A, A, &c., and brass standards at evel 

angle of the pedestal. Below this frame lies the 


azimuth circle, EZ E, consisting of a circular 
limb, strengthened by ten hollow cones firmly | 


united with the vertical axis, and consequently 
turning freely along with it. The azimuth éircle, 
E E, is divided and read off in the same manner 
as the vertical circle.’ Tho arms of the micro- 
scopes, B B, project from the ring i, and the mi- 
croscopes themselves are adjustable by screws, to 
bring them to zero and to the diameter of the 


circle. A little above the ring 7 is fixed an arm,: 


L, which embraces and holds fast the vertical 
axis with the aid of a clamp-screw. The arm ZL 
is connected at the extremity with one of the 


arms A, by means of the screw a, so that by’ 


turning this screw a slow motion is commu- 
nicated to the vertical axis and the azimuth 
circle. ’ 

In order to-place the instrument in a true ver- 
tical position, a plumb-line, made of fine silver 
wire, is suspended from acsmall hook at the top 
of the vertical tube n, connected by braces with 
one of the large pillars. The plumb-line passes 
through an angle in which it rests, and by means 
of ascrew may be brought into the axis of the 

be. The plummet at the lower end of the line 
is immersed in a cistern of water, t,in order to 
check its oscillations, and is supported on a shelf 
proceeding from one of the pillars. At the 
lower end of the tube m are fixed two micro- 
scopes, o and p, at right-angles to one another, 
and opposite to each is placed a small tube con- 
taining a lucid point. The plumb-line is then 
brought into such a position by the screws d b, 
and by altering the suspension of the plumb-line 


itself, that the image of the luminous point, like ' 


the disc of a planet, is formed on the plumb-line, 
and accurately bisected by it. The vertical axis 
is then turned round, and the plumb-line exam- 
ined in some other position. If it still bisects 
the luminous point, the instrument is truly verti- 
cal; but if it does not, one half of the deviation 
must be corrected by the screws d 6, and the 
other half, by altering the suspension of the line 
until the bisection of the circular image is per- 
fect in every position of the instrument. 

It is not many years since circular repeating 
instruments came into general use. ‘The princi- 
ple on which the construction of a repeating 
circle is founded appeurs to have been first sug- 
gested by Professor Mayer, of Gottingen, in 1758; 
but the first person who applied this principle to 
measure round the limb of a divided instrument 
was Borda, who about the year 1789; caused a 
repeating circle to be constructed that would 
measure with equal facility horizontal and verti- 
cal angles. Afterward Mr. Troughton greatly 
improved the construction of Borda’s instrument 
by the introduction of several contrivances, which 
insure, at the same time, its superior accuracy 
and convenience in use; and his instruments have 
been introduced into numerous observatories. 
Circular instruments, on a large scale, have been 
placed in the Royal Observatory of Greenwich, 
and in most of the principal observatories on the 
Continent of Europe. Although it is agreed on 
all hands that greater accuracy may be obtained 
by a repeating circle than by any other having 
the same radius, yet there are some objections to 
its use which de not apply to the altitude and 
azimuth circle. The following are the principal 


| ment in the 
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objections, as stated in vol. i, of the ‘Memoirs of 
the Astronomical Society of London: 1. The 
origin of the ting cirele is due to bad divid- 
ing, which o not to be tolerated in any instru- 

resent state of the art. 2. There 
are three sources of fixed error which cannot be 
exterminated, as they depend more on the mate- 
rials than on the workmanship; first, the zero of 
the level changes with variations of temperature; 
secondly, the resistance of the center work to the 
action of the tangent scyews; and, thirdly, the 
imperfection of the screws in producing motion 
and in securing permanent positions. 3. The 
instrument is applied with most advantage to 
slowly moving or circumpolar stars; but in lew 
altitudes these stars are seen near the horizon, 
where refraction interferes.. 4.. Much time and 






| labor are expended, first in making the observa- 


tions, and again in reducing them. 5. When 
any one step in a series of observations is bad, 
the whole time and labor are absolutely lost. 6. 
When the instrument has a telescope of small 
power, the observations are charged with errors 
of vision which the repeating circle will not cure. 
7. This instrument cannot be used asa transit 
instrument, nor for finding the exact meridian of 
a place. 

A great variety of directions is necessary in 


| order to enable the student of practical astronomy 


thoroughly to understand and to apply this instru- 
ment to practice, which the limited nature of the 
present work prevents us from detailing. As this 


| instrument consists of a variety of complicated 


pieces of machinery, it is necessarily somewhat 
expensive. A. six-inch brass astronomical circle 
for altitudes, zenith or polar distances, azimuths, 
with achromatic telescopes, &c., is marked in 
Messrs. W. and 8. Jones’s catalogue of astronom- 
ical instruments at £27 6s. A circle 12 inches in 
diameter, from £36 15s. to £68 5s. An18 inch 
ditto, of the best construction, £105. The larger 
astronomical circles for public observatories, from 
100 to 1000 guineas and upward, according to their 
size, and the peculiarity of their construction. 


THE TRANSIT INSTRUMENT. 


A transit instrument is intended for observing 
celestial objects as they pass across the meridian. 
It consists of a telescope fixed at right angles to a 
horizontal axis, which axis must be so supported 
that what is called the line of collimation, or the 
line of sight of the telescope, may move in the 
plane of the-meridian. This instrument was first 
invented by Romer, in the year 1689, but has since 
received great improvements by Troughton, 
Jones, and other modern artists. ‘Transit instrn- 
ments may be divided into two classes, Portable 
and Fixed. The portable instrument, when 
placed truly in the meridian, and well adjusted, 
may be advantageously used as a stationary in- 
strument in an observatory, if its dimensions be 
such as to admit of a telescope of 31¢ feet focal 
length; but when the main tube ‘is only from 20 
to 30 inches long, with a proportional aperture, it 
is more suited for a traveling instrument to giva 
the exact time; and, when carried on board a 
ship in a voyage of discovery, may be taken on 
shore at any convenient place for determining 
the solar time of that place, and for correcting 
the daily rate of the chronometer, giving the time 
at the first meridian, so that the longitude of 
the place of observation may be obtained from 
the difference of the observed and _ indicated 
times, after the proper corrections have been 
made. 


4 


. THE TRANSIT 


The following is a brief description of one of 
Mr. Troughton’s portable transit instruments. 
In fig. 90, P P is an achromatic telescope firmly 
fixed by the middle to a double coil and ‘hori- 
zontal axis H H, the pivots of which rest on an- 
gular bearings called Y’s, at the top of the stan- 
dards B B, rendered steady by oblique braces D D, 
fastened to the central part of the circle A A. In 
large fixed instruments, the pivots and angular 
bearings are supported on two massive stone pil- 
lars, sunk several feet,into the ground, and are 
sometimes supported by mason-work, to se- 
cure perfect stability. ‘The axis H H has two 
adjustments, one for making it exactly) level, 
and the other for placing the telescope in the 
meridian. A’ graduated circle, LZ, is fixed to 
the extremity of the pivot, which extends. be- 
yond one of the Y’s and the two radii that 
carry the verniers, @ a, are fitted to the extre- 
mities of the pivot in such a way as to turn 
round independent of the axis. The double ver- 
niers have a small level attached to them, and a 
third arm, 6, whichis connected with the standard 
B by means of a screw, s. If the verniers are 


placed, by means of the level, in a true horizontal 
position, when the axis of the telescope is hori- 
zontal, and the arm b screwed by the screws to 
the standard B, the verniers will always read off 


Fig. 90. 





the inclination of the telescope, and will enable 
the observer to point it to any star by means of 
its meridian altitude. The whole instrument 
rests on three foot-screws entered into the circle 
A A. Im the field of view of the telescope there 
are several parallel vertical wires, crossed at right 
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angles with a horizontal one, and the telescope is 
sometimes furnished with a diagonal eyepiece for 
observing stars near the zenith. A level likewise 


| generally accompanies the instrument, in order to 


place it horizontal by being applied to the pivots 
of the axis. 


In order to fix the transit instrument exactly in 


|the meridian, a good clock regulated to. sidereal 


time is necessary. This regulation may be ef- 
fected by taking equal altitudes of the sun or a 
star before and after they pass the meridian, which 
may be done by sal) ‘quadrants or by a good 
sextant. The axis f the instrument is then to 
‘be placed horizontal by a spirit level, which ac- 
companies the transit, and the greatest care must 
be taken that. the axis of vision describes in the 
heavens a great circle of the sphere. To ascer- 
tain whether the telescope be in the plane of the 
meridian, observe by the clock when a circum- 
polar star seen through the telescope transits both 
above and below the pole, and if the times of de- 
scribing the eastern and western parts of its cir- 
cuit be equal, the telescope is then in the plane of 
the meridian; otherwise, certain adjustments must 
be made. When the telescope is at length per- 
fectly adjusted, a landmark must be fixed upon at 
a considerable distance, the greater the better. 
This mark must be in the horizontal direction of 
the intersection of the cross wires, and in a place 
where it.can be illuminated, if possible, in the 
night-time, by a lantern hanging near it; which 
mark being on a fixed object, will serve at all 
times afterward for examining the position of the 
telescope. f 

Various observations and adjustments are requi- 
site in order to fixing a.transit instrument exactly 
in the plane of the meridian. There is the adjust- 
ment of the level; the horizontal adjustment of 
the axis of the telescope; the placing of the paral- 
lel lines in the focus of the eyeglass, so as to be 
truly vertical, and to determine the equatorial 
value of their intervals; the collimation in azi- 
muth, so that a line passing from the middle ver- 
tical line to the optical center of the object-glass 
is at right angles with the axis of the telescope’s 
motion; the collimation in altitude, so that the 
horizontal line should cross the parallel vertical 
lines, not only at right angles, but also in the opti- 
cal center of the field of view, with various other 
particulars, but of which our limited space will 
not permit us to enter into details. Those wha 
wish to enter into all the minute details in refer- 
ence to the construction and practical application 
of this and the other instruments above described, 
as well as all the other instruments used by the 
practical astronomer, will find ample satisfaction 
in perusing the Rev. Dr. Pearson’s Introduction 
to Practical Astronomy, 4to, vol. ii. 

A portable transit instrument, with a cast-iron 
stand, the axis 12 inches in length, and the achro- 
matic telescope about 20 inches, packed in a case, 
sells at about 16 guineas; with a brass-framed 
stand and other additions, at about 20, guineas. 
Transit instruments of larger dimensions are 
higher in proportion to their size, &c. 


CHAPTER 111. 


ON OBSERVATORIES. 


In order to make observations with convenience 
and effect on the heavenly bodies, it is expedient 
that an observatory, or place for making the requi- 
site observations, be erected in a proper situation. 
The following are some of the leading features of 
a spot adapted for making celestial observations: 
1. It should command an extensive visible hori- 
zon all around, particularly toward the south 
and the north. 2. It should be a little elevated 
above surrounding objects. 3. It should be, if 
possible, at a considerable distance from manufac- 
tories, and other objects which emit much smoke 
or vapor, and even from chimney-tops where no 
sensible smoke is emitted, as the heated air from 
the top of funnels causes undulations in the at- 
mosphere. 4. It should be at a distance from 

ampy ground or valleys that are liable to be 

ered with fogs and exhalations. 5. It should 
not, if possible, be too near public roads, particu- 
larly if paved with stones, and frequented by 
heavy carriages, as in such situations undulations 
and tremulous motions may be produced injurious 
to the making. of accurate observations with 
graduated instruments. 6. It is expedient that 
the astronomical observer should have access to 
some distant field within a mile of the observato- 
ry, on which a meridian mark may be fixed after 
his graduated instruments are properly adjusted. 
The distance at which a meridian mark should be 
erected will depend in part on the focal length of 
the telescope generally used for making observa- 
tions on the right ascensions and declinations of 
the stars. It should be fixed at such a distance 
that the mark may be distinctly seen without 
altering the focus of the telescope when adjusted 
to the sun or stars, which, in most cases, will re- 
quire to be at least half a mile from the place of 
observation, and more if it can be obtained. 

‘ Observatories may be distinguished into public 
and private. A private observatory may be com- 
prehended ina comparatively small building, or 
in the wing of a building of ordinary dimensions 
for a family, provided the situation is adapted to it. 
Most of our densely peopled towns and cities, 
which abound in narrew streets and lanes, are ge- 
nerally unfit for good observatories, unless at an 
elevated position at their extremities. Public ob- 
servatories, where a great variety of instruments 
is used, and where different observers are employ- 
ed, require buildings of larger dimensions, divid- 
ed into a considerable number of apartmenis. 
The observatory of Greenwich is composed prin- 
cipally of two separate buildings, one of which is 
the observatory properly so called, where the as- 
sistant lives and makes all his observations; the 
other is the dwelling-house in which the astrono- 
mer royal resides. The former consists of three 
rooms on the ground-floor, the middle of which 
is the assistant’s sitting and calculating room, 
furnished with a small library of such books only 
as are necessary for his computations, and an ac- 
curate clock made by the celebrated Graham, 


which once served Dr. Halley as a transit clock. | 
(138) ” 
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Immediately over this is the assistant’s bedroom, 
with ‘an alarum to awake him to make his obser- 
vations at the proper time. The room on the 
eastern side of this is called the transit-room, in 
which is an eight feet transit instrument, with an’ 
axis of three feet, resting on two pieces of stone, 
made by Mr. Bird, but successively improved by 
Messrs. Dollond, Troughton, and others. Here 
is also a chair to observe with, the back of which 
lets down to any degree of elevation that conve- 
nience may require. On the western side is the 
quadrant-room, with a stone pier in the middle 
running north and south, having on its eastern 
face a mural quadrant of eight feet radius, by 
which observations are made on the southern 
quarter of the meridian, through an opening in 
the roof of three feet wide, produced by means of 
two sliding shutters. On the western face is 
another mural quadrant of eight feet radius, the 
frame of which is of iron and the arch of brass, 
which is occasionally applied to the nerth quarter 
of the meridian. In the same room is the famous 
zenith sector, twelve feet long, with which Dr. 


| Bradley made the observations which led to the 


discovery of the nutation of the earth’s axis and 
the aberration of the light of the fixed stars 
Here are also Dr: Hooke’s reflecting quadrant, 
and three time-keepers by Harrison. On the 
south side of this room a small wooden building 
is erected for the purpose of observing the eclipses 
of Jupiter’s satellites, occultations of stars by the 
moon, and other phenomena which require mere- 
ly the use of a telescope, and the true or mean 
time. It is furnished with sliding shutters on 
the roof and sides to view any part of the hemi- 
sphere from the prime vertical down to the south- 
ern horizon. It contains a forty inch achromatis 
with a triple object-glass, and also a five feet 
achromatic ,by Messrs. John and Peter Dollond, 
a. two feet reflecting telescope by Edwards, and 
a six feet reflector by Herschel. Above the dwel- 
ling-house is a large octagonal room, which is 
made the repository for certain old instruments, 
and for those which are too large to be used in 
the other apartments. Among many other im 
struments, it contains an excellent. ten feet ach- 
romatic by Dollond, and a six feet reflector by 
Short. Upon a platform, in an open space, is 
erected the great reflecting telescope constructed 
by Mr. Ramage of Aberdeen, on the Herschelian 
principle, which has a speculum of 15 inches 
diameter.and 25 feet focal length, remarkable for 
the great accuracy and brilliancy with which it 
exhibits celestial objects. Various other instru- 
ments of a large size and of modern construction 
have of late years been introduced into this ob- 
servatory, such as the large and splendid transit 
instrument constructed by Troughton, in 1816, 
the two large mural circles by Troughton and 
Jones. the transit clock by Mr. Hardy, and 
several other instruments and apparatus which 
it would be too tedious to enumerate and 
describe. 


* 
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Every observatory, whether ae or private, 
should be furnished with the following instru- 
ments: 1. A transit instrument for observing the 
meridian passage of the sun, planets, and stars. 
2. A good clock, whose accuracy may be depend= 
ed upon. 3. An achromatic telescope of at least 
44 inches focal: distance, with powers of from 45 
to 180, for viewing planetary and other phenom- 
ena; or a good reflecting telescope at least. three 
feet long, and the speculum five inches in diam- 
eter. 4. An equatorial instrument, for viewing 
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the stars and planets in the day-time, and for } 


finding the right ascension and declination of 
a comet, or any. other celestial phenomenon. 
Where this instrument is possessed, and in cases 
where no great degree of, accuracy is ‘required, 
the equatorial may be made ‘to serve the general 
purposes of a transit instrument. 

A private observatory might be constructed in 


any house which has a commanding view of the | 


heavens, provided there is an apartment in it in 
which windows may be placed, or openings cut 
out fronting the north, the south, the east, and 
the west. ‘he author of this work has a small 
observatory erected on the top of his house, 
which commands a view of 20 miles toward the 
east, 30 miles toward the west and north-west, 
and about twenty miles toward’ the south, at an 
elevation of more than 200 -feet above the level 
of the sea and the banks of-the Tay, which are 
about half.a mile distant. The apartment is 1214 
feet long by 814 wide, and 814 feet between the 
floor and the roof. It has an opening on the 
north, by which observations can be made on the 
pole-star; a window on the south, by which the 
meridian passages of the heavenly bodies may be 
observed; another opening toward the east; anda 
fourth opening, consisting of a door, toward the 
west. There is a pavement of lead on the out- 
_ side, all around the observatory-room, inclosed 
by a stone parapet 314 feet high, the upper part 
of which is coped with broad flat stones, in cer- 
tain parts of which grooves or indentations are 
made for receiving the feet of the pedestal of an 
achromatic telescope, which form a steady support 
for the telescope in the open air, when the 
weather is calm and serene, and when observa- 
tions are intended to be made on any region of 
the heavens. By placing an instrument on this 
parapet, it may be directed ‘to any point of the 
celestial canopy except a small portion near the 


northern horizon, which is partly intercepted | 


by a small hill. In the following ground plan, 
fig. 91, A A A is the parapet surrounding the ob- 
servatory room; B B B, a walk around it nearly 
three feet broad, covered with lead. O is the 
apartment for the observatory, having an opening, 
C, to the north; another opening, D, to the east; 
E is a‘window which fronts the south, and F' is 


a door fronting the west, by which an access is | 


obtained to the open area on the outside. G H I 
js an area on the outside, toward’ the south, co- 
vered with lead, 15 feet long from G to H, and 
614 feet from E to J, from which a commanding 
view of the southern, eastern, and western por- 
tions of the heavens may be obtained: ee ee are 
positions on the top of the parapet where a tele- 
scope may be conveniently placed, when obser- 
vations are intended to be made in the open air. 
The top of this parapet is elevated about 30 feet 
from the level of the ground. On the roof of 
the observatory, about 12 feet above its floor, on 
the outside, is a platform of lead, surrounded by | 
a railing six feet by five, with a seat, on which 
observations either on celestial or terrestrial ob- 
jects may occasionally be made. Kis a door or 
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hatchway, which forms an entrance into the ob- 
setvatory from the apartments below, which 
folds down, and forms a portion of the floor. 


Fig. 91. 





























A South. A 


In public observatories, where zenith or polar 
distances require to be measured, it is necessary 
that there should be a dome, with an opening 
across the roof, and down the north and south 
walls. Should an altitude or azimuth circle, or 
an equatorial instrument be used, they will require 
a revolving roof with openings and doors on two 
opposite sides, to enable: an observer to follow a 
heavenly body across all the cardinal points. ‘The 
openings may be about 15 inches wide, and the 
roof need not be larger than what is requisite for 
giving room to the observer and the instrument, 
lest its bulk and weight should impede its easy 
motion. There have been various. plans adopted 





for revolving domes. Fig. 92 represents a section 
of the rotatory dome constructed at East Sheen by 
the Rev. Dr. Pearson. This dome turns round 


Fig, 92. 





on three detached spheres of lignum’ vite, in @ 
circular bed, formed partly by the doms, and 
partly by the cylindrical framework which sur- 
rounds the circular room of nine feet diameter. 
A section of this bed forms a square which the 
sphere just fills, so as to have a small play to allow 
for shrinking; and, when this dome is carried 
round, the spheres, having exactly equal diameters 
of 414 inches each, when placed at~equal dis- 
tances from one another, keep their relative 
places, and move together in a beautifully smooth 
manner. These spheres act as friction rollers in 
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two directions at the four points of contact, in 
case any obstacle is opposed to their progressive 


motion by the admission of <dirt, or by any | 
change of figure of the wood that composes the 
rings of the dome and of the gangway. - No 


groove is here made. but what the weight of the 
roof resting on the hard sphere occasions. The 
dome itself moves twice round for the balls once, 
and has, in this way, its friction diminished. The 
wood of this dome is covered by Wyatt’s patent 
copper, one square foot of which weighs upward 
of a pound; and the copper isso turned over the 
nails that fix it at the parts of junction that not a 
single nail is seen in the whole dome. ‘This co- 
vering is intended to render the dome more per- 


manent than if it had been made of wood alone.| 


At the observatory at Cambridge the dome is 
made chiefly of iron. 
sents one of the two oblong doors that meet at the 
apex of the cone, and a piece of sheet-copper, 
bent over the upper end of the door which shuts 
last, keeps the rain from entering at the place of 
junction. The two halves of thedome are united 
by brass rods passing through the door-cheeks of 
wainscot at a and a by means of nuts that screw 
upon their ends, which union allows the dome to 
be separated into two parts when there may be 
occasion to displace it. The wooden plate 6 6, 
which appears in astraight line, is a circular broad 
ring, to which the covering wainscot boards are 
made fast above the eaves, and cc is a similar 
ring forming the wall-plate or gangway on which 
the dome rests and revolves. 

Fig. 92* shows a small door that lies over the 
summit of the dome, and may be separately open- 
ed for zenith observations; the rod of metal, with 
a ring at the lower end passing through it; serves 
to open.and shut this door, and at the same time 
carries upon its upper end a large ball, which 
falls back on the roof when the door is open, and 
keeps the door in a situation to be acted upon by 


’ 


THE PRACTICAL ASTRONOMER. 








| best suit his purpose. 


In the figure, @ @ repre- | 


a ‘& 


the hook of a handle that is used for this purpose. 
The doors a a, being curved, are made to open in 

o halves, the upper one being opened first, on 
account of its covering the end of the other; and 
he observer may open one or two. doors, as may 
The weight of this dome 


is such that a couple of wedges, inserted by a 


gentle blow between the rings 6 6 and ce, will ° 
keep it in its situation under the influence of the 
strongest wind. ~~ 


Fig. 92.* 





It may not be'improper to remark, that in all 
observatories, and in every apartment where ce- 
lestial observatiéns are made, there should, if pos- 
sible, be a uniform temperature; and, consequent- 
ly, a fire should never be kept in such places, par- 
ticularly when observations are intended to be 
made, as it would cause currents of air through 
the doors and other openings which would be in- 
jurious to the accuracy of observations. When 
a window is opened in an ordinary apartment 
where a fire is kept, there is a current of heated 
air which rushes out at the top, and a current of 
cold ‘air which rushes in from -below, producing 
agitations and undulations which prevent even a 
good telescope from showing celestial objects dis- 
tinct and well-defined; and I. have no doubt that 
many young observers have been disappointed in 
their views of celestial phenomena from this cir- 
cumstance, when viewing the heavenly bodies 
from heated rooms in cold winter evenings, as the 
aerial undulations before the telescope prevent 
distinct. vision of such objects as the belts of 
Jupiter, the spots of Mars, and the rings of 
Saturn. 


CHAPTER IY. 


ON ORRERIES, OR PLANETARIUMS. 


An orrery is a machine for representing the 
order, the motions, the phases, and other phenom- 
ena of the planets. Although orreries and plan- 
etariums-are not so much in use as they were half 
a century ago, yet, as they tend to assist the con- 
ceptions of the astronomical tyro in regard to 
the motions, order; and positions of the bodies 
which compose the solar system, it may not be 
inexpedient. shortly te describe the principles and 
construction of some of these machines. 

The reason why the name Orrery was at first 
given to such machines is said to have been owing 
to the following circumstance: Mr. Rowley, a 
mathematical instrument-maker, having got one 
from Mr. George Graham, the original inventor, 
to be sent abroad with some of his own instru- 
ments, he copied it, and made the first for the Earl 
of Orrery. Sir R. Steele, who knew nothing of 
Mr. Graham’s machine, thinking to do justice to 
the first encourager, as well as to the inventor of 
such a curious instrument, called it an Orrery, 
and gave Mr. Rowley the praise due to Mr. Gra- 
nam. The construction of such machines is not 


a modern invention. The hollow sphere of Ar- 
chimedes was a piece of mechanism of this kind, 
having been intended to exhibit the motions of 
the sun, the moon, and the five planets, according 
to. the Ptolemaic system. The next orrery of 
which we have any account was that of Posido- 
nius, who lived 80. years before the Christian era, 
of which Cicero says, “If any man should carry 
the sphere of Posidonius into Scythia or Britain, 
in every revolution of which the motions of the 
sun, moon, and five planets were the same as in 
the heavens each day and night, who in those bar- 
barous countries could doubt of its being finished, 
not. to say actuated, by perfect reason?” The 
next machine of this kind which history records 
was constructed by the celebrated Boethius, the 
Christian philosopher, about the year of Christ 
510, of which it was said “ that it was a machine 
pregnant with the universe—a portable heaven— 
a compendium of all things.” After this period 
we find no instances of such mechanism of any 
note until the 16th century, when science began 
to revive and the arts to flourish. About this 
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time the curious clock in Hampton Court Palace | specting it in November, 1839. The essential 
was constructed, which shows not only the hours'| parts of the machine still remain nearly in the 


of the day, but the motions of the sun and mo 


lestial phenomena. Another piece of mechanis 
of asimilar kind is the clock in the Cathedral of 
Strasburg, in which, beside the clock part, is a 
celestial globe or sphere with the motions of the 
sun, moon, planets, and the firmament of the 
fixed stars, which was finished in 1574. 

Among the largest and most useful pieces of 
machinery of this kind is the great sphere erected 
by Dr. Long, in Pembroke Hall, in Cambridge. 
This machine, which he called the Uranium, con- 


sists of a planetarium, which exhibits the motion 


of the earth and the primary planets, the sun, and 
the motion of the moon around the earth, all in- 
closed within a sphere. Upon the sphere, beside 
the principal circles of the celestial globe, the 
zodiac is placed, of a breadth sufficient to contain 
the apparent path of the moon, with all the stars 
over which the moon can pass; also the ecliptic, 
and the heliocentric orbits of. all the planets. 
The Earth in the planetarium has a movable 
horizon, to which a large movable | brass~ circle 
within the sphere may be set coincident, repre- 
senting the plane of the horizon continued to the 
starry heavens. The horizons, being turned round, 
sink below the stars on the east side, and make 
them appear to rise, and rise above the stars on 
the west side, and make them appear to set. On 
. the other hand, the earth and the horizon being 
at rest, the sphere may be turned round to repre- 
sent the apparent diurnal motion of the heavens. 
In order to complete his idea on a large scale, the 
dottor erected a sphere of 18 feet diameter, in 
which above 30 persons might sit conveniently, 
the entrance to which is over the south pole by 
six steps. The frame of the sphere consists of a 
number of iron meridians, the northern ends of 
which are screwed to a large round plate of brass 
with a hole in the center of it; through this hole, 
from a beam in the’ ceiling, comes the north pole, 
a round iron rod about three inches long, and 
which supports the upper part of the sphere to 
its proper elevation for the latitude of Cambridge, 
so much of it as is invisible in England being cut 
off, and’ the lower or southern ends of the merid- 
ians terminate on, and are screwed down to,a 


Fig. 93. 





48 
strong circle of pe 13 feet in diameter, which, 
when the sphere is put in motion, runs upon large 
rollers of lignum vite, in the manner that the 
tops of some windmills turn round. Upon the 
iron meridians is fixed a zodiac of tin painted 
blue, on which the ecliptic and heliocentric orbits 
of the planets are drawn, and the stars and con- 
stellations traced. The whole is turned round 
with a small winch, with as little labor as it takes 
to wind upa jack, although the weight of iron, 
tin, and the wooden circle is above a thousand 
pounds. This machine, though now somewhat 
neglected, may still be seen in Pembroke Hall, 
Cambridge, where I had an opportunity of in- 








same state as when originally constructed in 1798. 
through all the signs of the zodiac, and other a PT MAN sue deatite ee 


| The machine which I shall now describe is of 
a much smaller and less complex description than 
that which has been noticed above, 'and may be 
made for a comparatively small expense, while it 
exhibits with sufficient accuracy the motions, 
phases, and positions of all the primary planets, 
with the exception of the new planets, which 
cannot be accurately represented on account of 
their orbits crossing each other. In order to-the 
construction of Weenctariune to which I allude, 
we must compare the proportion which the an- 
nual revolutions of the primary planets bear to 
that of the Earth. This proportion is expressed 
in the following table, in which the first column 
is the time of the Earth’s period in days; the 
second, that.of the planets; and the third and 
fourth are numbers very nearly in the same pro- 
portion to each other: 


36514 >: 88 :: 83 =: 20 for Mercury. 
36514: 224% :: 52 32 for Venus. 
687% == 40 75 for Mars. 


36514 : 
36514: 
36514 : 
36514 : 


On aceount of the numberof teeth required for 
the wheel which moves Uranus, it is freqae ty 
omitted in planetariums, or the planet is placed 
upon the arbor which supports Saturn. If we now 
suppose a spindle or arbor,with six wheels fixed 
upon it in a horizontal position, having the num- 
ber’ of teeth in each corresponding to the numbers 
in the third column, namely, the wheel A M 
(fig. 93) of 83 teeth, B ZL of 52, € K of 50, for 
the earth, D I of 40, E H of 7, and F G of 5; 
and another set of wheels moving freely about an 
arbor having the number of teeth in the fourth 
column, namely, A WN of 20, B O of 32, C P of 
50, for the earth, D Q of 75, E R of 83, and FS 
of 148; then, if these two arbors of fixed and 
movable wheels be made of the size and fixed at 
the distance here represented, the teeth of the for- 
mer will take hold of those of the latter, and turn 
them freely when the machine is in motion. 
These arbors, with their wheels, are to be placed 


Fig. 94. 


4332162: 7 
1075914 :: 5 
30686. xh aS 


83 for Jupiter. 
148 for Saturn. 
253 for Uranus. 


in a box of a proper size, in a perpendicular posi- 
tion; the arbor of fixed wheels to move in pivots 
at the top and bottom of the box, and the arbor 
of the movable wheels to go through the top of 
the box, and having on the-top a wire fixed, and 
bent at a proper distance into a right angle up- 
ward, bearing on the top a small round ball re- 
presenting its proper planet. If, then, on the 
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lower-part of the arbor of fixed wheels be placed 
a pinion of screw-teeth, a winch turning-a spindle 
with an endless.screw, playing in the teeth of the 
arbor, will turn it with all its wheels, and these 


wheels will turn the others about, with their plan- s 


ets, in their ee and respective periods of time; 
for while the 
P once round, the wheel A M will move A Na 
little more than four times round, and will conse- 
quently exhibit the motion of Mercury; the wheel 
E H will turn the wheel # R about 1-12th round, 
representing the proportional motion of Jupiter; 

_and the wheel # G will turn the wheel FS about 
1-29.5th round, and represent the motion of Sat- 
urn, and so of all the rest. 

‘The foregoing figure (94) represents the appear- 
ance of the instrument when completed. Upon 
the upper part of the circular box is pasted a zo- 
diacal circle divided into 12 signs, and each sign 
into 30 degrees, with the corresponding days of 
the month. The wheelwork is understood to be | 
within the box, which may either be supported 
by a tripod, or with four feet, as here represented. 
The moon and the satellites of Jupiter, Saturn, and 
‘Uranus, are movable only by the hand. When the 
winch W is turned, then all the primary planets 
are made to move in their respective velocities: 
The ball in the center represents the Sun, which is 
‘either made of brass, or of wood gilded with gold. 

By this planetarium, simple as its construction 
may appear, a variety of interesting exhibitions 
may be made and problems performed, which may 
be conducive to the instruction of young students 
of Astronomy. I shall mention only a few of 
these as specimens. : 

1. When the planets are placed in their respec- 
tive positions by means ofan ephemeris or the 
Nautical Almanac, the relative positions of those 
bodies in respect to each other, the quarters of the 
heavens where they may be observed, and whether 
they are to be seen in the morning before sunrise 
or in the evening after sunset, may be at once de- 
termined. For example, on the 19th of Decem- 
ber, 1844, the heliocentric places of the planets are 
as follows: Uranus, 2° of Aries; Saturn, 8° 24’ of 
Aquarius; Jupiter, 7° 4’ of Aries; Mars, 12° 45’ 
of Libra; the Earth, 27° 46’ of Gemini; Venus; 
29° 48’ of Virgo, Mercury, 7° 53’ of Pisces. 
When the planets are placed on the planetarium 
in these positions, and the eye placed in a line 
with the balls representing the Earth and the 
Sun, all those situated to the left of the sun are 
to the east of him, and are to be seen in the even- 
ing, and those on the right in the morning. In 
the present case, Uranus, Saturn, Jupiter, and 
Mercury:are evening stars, and Mars and Venus 
can only be seen in the morning. Jupiter is in 
an aspect nearly quartile, or three signs distant 
from the sun, and Uranus is nearly in the same 
aspect. Saturn is much nearer the sun, and Mer- 
cury is not far from the period of its greatest cast- 
ern elongation. Mars is not far from being in a 
quartile aspect west of the sun, and Venus is near 
the same point of the heavens, approaching to 
the period of its greatest western elongation, and 
consequently will be seen. before sunrise as a 
beautiful morning star. Jupiter and Uranus, to 
the east of the sun, appear nearly directly oppo- 
site to Venus and Mars, which are to the west of 
the sun. The phase* of Venus is nearly that of 








* The balls which represent the different planets on this 
machine have their hemispheres painted black, with the 
white side turned directly to the sun, so that if the eye be 
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a half moon, and Mercury is somewhat gibbous, 
approaching to a half moon phase. If, now, we 
the machine by the winch until the index of 

e earth point at the 8th of August, 1845, we 
hall find the planets in the following positions: 
Mars and Saturn are nearly in opposition to the 


xed wheel C K moves its equal C} sun; Venus and Mercury. are evening stars, at no 


great distance from each other, and Jupiter isa 
morning star. In like manner, if we. turn the 
machine until the index point to any future 
months, or even succeeding years, the various as- 
pects and positions of the planets may be plainly 
perceived. When the planets are moved by the 
winch in this machine, we see them all at once in 
motion around the stn, with the same respective 
velocities and periods of revolution which they 
have in the heavens. As the planets are repre- 
sented in the preceding positions, Mercury, Ju- 
piter, and Mars are evening stars, and Venus, 
Saturn, and Uranus morning stars, if we suppose 
the earth placed in a line with our eye and the 
sun. s 

2. By this instrument, the truth of the Coperni- 
can or solar system is clearly represented. When 
the planets are in motion, we perceive the planets 
Venus and Mercury to pass both before and. be- 
hind the sun, and to have two conjunctions... We 
observe Mercury to be never more than a certain 
angular distance from the sun as viewed from the 
earth, namely, 27°, and Venus 47°.. We perceive 
that the superior planets, particularly Mars, will 
be sometimes much nearer to. the earth than-at 
others, and therefore must appear larger at. one 
time than at another, as they actually appear in 
the heavens: We see that the planets cannot 
appear from the earth to move with uniform velo- 
city; for when nearest they appear to move faster, 
and slower when most remote. We likewise ob- 
serve that the planets appear from the earth to 
move sometimes direct, or from west to east;. then 
become retrograde, or from east: to west, and be- 
tween both to be stationary; all which particulars 
exactly correspond with celestial observations. 
For illustrating these particulars, there is a simple 
apparatus, represented by fig. 95, which consists 
of a hollow wire with a slit at top, which is placed 
over the arm of Mercury or Venus at E. The 
arm D G represents a ray of light coming. from 


Fig. 95. 
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the planet at D to the earth at F. The planets be- 
ing then in motion, the planet D, as seen in the 
heavens from the earth at F’, will undergo the 
several changes of position which we have de- 
scribed above, sometimes appearing to go back- 
ward, and at other times forward. The wire prop, 
now supposed to be placed over Mercury at E, 
may likewise be placed over any of the other 
planets, particularly Mars, and similar phenomena 
will be exhibited. 

This machine may likewise be used to exhibit 
the falsity of the Ptolemaic system, which places 





placed in a line with the earth and the planet, particularly. 
Mercury and Venus, its phase in the heavens at that time, 
as viewed with a telescope, may be distinctly perceived, 


the earth in the center, and supposes the sun and 
all the planets to revolve around it.’ For this pur- 
pose, the ball representing the Sun is removed, 


2 
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*> 
and placed on the wire or pillar which supports 
the Earth, and the ball representing the Earth is 
placed in the center. It will then be observed 
that the planets Mercury and Venus, being bo 
within the orbit of the sun, cannot at any time 
be seen to go behind it, whereas in the heavens 
we as often see them go behind as before the sun. 
Again, it shows that as the planets move in circu- 
lar orbits about the central earth, they ought at 
all times to appear of the same magnitude, while, 
on the contrary, we observe their apparent mag- 
nitudes in the heavéns to be very variable, Mars, 
for example, appearing sometimes nearly as large 
as Jupiter, and at other times only like a small 
fixed star. Again, it is here shown that the 
planets may be seen at all distances from the sun; 
for example, when the sun is setting, Mercury 
and Venus, according to this arrangement, might 
be seen, not only in the south, but even in the 
eastern quarter of the heavens: a phenomenon 
which was never yet observed in any age, Mer- 
cury never appearing beyond 27° of the sun, nor 
Venus beyond 48°. In short, according to the 
system-thus represented, it is seen that the mo- 
tions of the planets should all be regular, and 
uniformly the same in eveily part of their orbits, 
and. that they should all thove the same way, 
namely, from west to east; whereas in the heavens 
they are seen to move with variable velocities, 


Sometimes appearing stationary, and sometimes. 


moving from east to west, and from west to east: 
all which circumstances plainly prove that the 
Ptglemiac cannot be.the true system of the uni- 
verse. 

A planetarium such as that now described might 
be constructed with brass wheel-work for about 
five guineas. The brass wheel-work of one 
which I long since constructed cost about three 
guineas, and the other parts of the apparatus 
about two guineas more. The following are the 
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prices of some instruments of this kind as made 
by Messrs. Jones, 30 Lower Holborn, London :— 
«“ An orrery, showing the motions of the Earth, 
Moon, and inferior planets, Mercury, and Venus, 
by wheel-work, the board on which the instru- 
ment moves being 13 inches diameter, £4. 14s. 6d. 
A planetarium, showing the motions of all the 
primary planets by wheel-work with 114 inch or 
three inch papered globes, according to the wheel- 
work and the neatness of the stands, from £7 
17s. 6d. to £10 10s. Ditto, with wheel-work to 
show the parallelism of the Earth’s axis, the 
motions of the Moon, her phases, &c:, £18 18s. 
Ditto, with wheel-work to show the Earth’s diur- 
nal motion, on a brass stand in mahogany case, 
£22 1s. A small tellurion, showing the motion 
of the Earth and Moon, &c., £1 8s.” 


HENDERSON’S PLANETARIUM, 


The following is a description of the most com- 
plete and accurate planetarium J have yet seen. 
The calculations occupied more than eight months. 
For this article 1am indebted to my learned and 
ingenious friend, Dr. Henderson, F'.R.A.S., who 
is known to many of my readers by his excellent — 
astronomical writings. 

Section of the wheel-work of a planetarium for 
showing’ with the utmost degree of accuracy the 
mean, tropical. revolutions of the planets round 
the sun, calculated by E. Henderson, LL. D., &c. 

In the section the dark horizontal lines repre- 
sent the wheelwork of the planetarium, and the 
annexed numerals the numbers of teeth in the 
given wheel. The machine has three axes or ar- 
bors, indicated by the letters A BC. Axis «O,” 
the “yearly axis,’’ is assumed to make one revo- 
lution in 365,242,236 days, or in 365 days 5h. 
48m, 49.19’, and is furnished with wheels, 17, 44, 
54, 36, 140, 96,127, 86, which wheels are all firmly 
riveted to said axis, and consequently they turn, 


Fig. 96. 
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Axle “B”’ is a 
fixture; it consists of a steel rod, on which a sys- 
tem of pairs of wheels revolve; thus wheels 40 
and 77 are made fast together by being riveted on 
the same collet, represented by the thick, dark 
space between them, as also of the rest: the seve- 
ral wheels‘on this axis may be written down thus: 


round with it in the same time. 


40, 49 19 41, 


i 20 27 59 ists Chev 
7? 1297 94? BT 30, 50? $3 65999, 47? 42° 
n axis A, a system of wheels, furnished with 
tubes, revolve, and these tubes carry horizontal 


arms, supporting perpendicular stems with the 





planets. The wheels on this axis are 173, 117, 
111,119,122, 122, 83, 239, 96, 128, 72. From 


the following short description, the nature of their 
several actions will, it is presumed, be readily 
understood, viz: 


mercu- On the axis “C”’ at the bottom is wheel 
ryY’s 86, which turns round in: 365 days 5h. 
Periop. 48m. 49.19s. This wheel impels a small 
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wheel of 22 teeth, to which is made fast 
wheel 67, both revolving together at the 
foot of axis B; wheel 67 drives a wheel 
of 72 once round in the period of ,87 
days 23h. 14m, 36.1s.: this last men- 
tioned wheel has a long tube, which 
turns on the steel axis A, and carries a 
horizontal arm with the planet Mer- 
cury round the sun in the time above 
noted. 

On axis “C” is wheel 127, which 
drives wheel 47, to which is riveted a 
wheel of 77 teeth, which impels a wheel 
of 128 teeth on axis A, and causes it to 
make a revolution in 224 days 16h. 41m. 
31.ls., and is furnished with a tube, 
which revolves over that of Mercury, 
and ascends through the cover of the 
machine, and bears an arm on which is 
placed a small ball representing this pla- 
net in the time stated. 
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The motion of the Earth round the 


garTH’s Sun is simply effected as follows: the | 
assumed value of axis “C” the “yearly | 


PERIOD. 


MaRs’s 
PERIOD. 


THE ASTE- 


ROIDS. 


VESTA’S 
PERIOD. 


JUNO’s 
PERIOD. 


CERES’S 
PERIOD. 


axis,” is 365 days 5h. 48m. 49.19s.; 
hence a system of wheels having the 
same number of teeth, or, at all events, 


PALLAS’S 


PERIOD. 


the first mover and last wheel impelled, | 


must be equal in‘their numbers of teeth. 
In this machine three wheels are em- 
ployed, thus: a wheel having 96 teeth fs 
made fast to the yearly axis C, and of 
course moves round with it in a mean 
solar year, as above noted; this wheel 
impels another wheel of 96 teeth on axis 
B, and this, in its turn, drives a third 
wheel of 96 teeth on axis A, and is fur- 
nished with a long tube which revolves 
over that of Venus, and ascends above 
the cover-plate of the machine, and bears 
a horizontal arm which supports a small 
terrestrial globe, which revolves by virtue 
of said wheels once round the sun in 365 
days 5h. 48m. 49.19s. 

The revolution of this planet is effected 
as follows: a-wheel of 140: teeth is made 
fast to the yearly axis C, and drives on 
axis B a wheel of 65 teeth, to which is 
fixed a wheel of 59 teeth, which impels 
a large wheel of 239 teeth on axis A 
once round the sun in 686 days 22h. 
18m. 33.6s.: this last mentioned wheel 
is also furnished with a tube which re- 
volves over that of the earth, and carries 
a horizontal arm bearing the ball repre- 
senting Mars, and causes it to complete 
a revolution round the sun in the period 
named. 

The period of Vesta is accomplished 
thus, viz: on the yearly axis C is made 
fast a wheel of 36 teeth, which drives 4 
wheel of 65 teeth, on axis B, to which 
is fixed a wheel of 41 teeth, which.im- 
pels a wheel of 83 teeth on axis A once 
round in 1336 days Oh. 21m. 19.8s.; the 
tube of which last wheel ascends on that 
of Mars, and, like the rest, bears an arm 
supporting a ball representing this pla- 
net. 

For the revolution of Juno, the yearly 
axis C is furnished with a wheel of 54 


teeth, which impels a wheel of 50 teeth} 
on axis B, to which is made fast a wheel 


of 27 teeth, which turns a wheel of 127 
teeth on axis A once round in 1590 days 
17h. 35m. 2.7s:, and the tube of which 
ascends on that of Vesta, and supports a 
horizontal arm which carries a small ball 
representing this planet in the period 
named. : 

The revolution of Ceres is derived 
from the period of Juno, because wheel- 
work taken from the unit of a solar year 
was not sufficiently accurate for the pur- 
pose, therefore on Juno’s wheel of 127 
teeth is fixed a wheel of 123 teeth, which 
drives a thick little bevel sort of wheel 


of 30 teeth on axis B: the reason of this } 


small wheel being beveled is to allow its 
teeth to suit both wheels +233 wheel 30 
drives wheel 130 on axis A once round 
in 1681 days 6h. 17m. 22.4s., and the 
tube of wheel 130 turns on the tube of 
Juno, and ascends in a similar manner 
with the rest, and carries a horizontal 
arm supporting a small ball representing 
this planet, and is caused to revolve 








JUPITER’S 


PERIOD. 


SATURN’S 


+ 


. 


round the Sun in the above-mentioned 
period (the period of Ceres to that of Juno 
is as 130 is to 123: hence the wheels used) 

The period of Pallas could, not be de- 
rived from the solar year with sufficient: 
accuracy, and recourse was had to an 
engrafted fraction on the period of Ce- 
res, thus: on wheel 130 of Ceres is made 
fast a wheel of 122 teeth, which drives 
a wheel of 81 teeth on axis B, to which 
is fixed a wheel 79, which impels a wheel 
of 119 teeth on axis A, and is furnished 
with a tube which ascends, and turns on 
that of Ceres, and supports a horizontal 
arm, which bears a small ball represent- 
ing this planet, whichby virtue of the 
above train of wheels is caused to com- 
plete a revolution round the Sun in 1681 
days 10h. 28m. 25.1s, ~ 

The motion of this planet is derived 
from the period of a solar year, from the 
“ yearly axis,” thus: on this axis.is made 
fast a wheel of 44 teeth, which turns a 
wheel of 94 teeth on axis B, to which is 
riveted a small wheel of 20 teeth, which 
impels a wheel on axis A having 111 
teeth, which is furnished with an ascend- 
ing tube which revolves over that of 
Pallas, and bears a horizontal arr which 
supports a ball representing this planet, 
which by the said train of wheels. is 
caused to revolve round the Sun in 4330 
days 14h. 39m. 35.7s, 

The periodic revolution of Saturn is 


PERIOD. also. taken from the solar year, viz: a 


small. wheel of 17 teeth is ‘fixed to the 
“yearly axis’ near its top, and drives a 
wheel of 129 teeth on axis B, to which 
is made fast a wheel. of 49 teeth, which 
turns a wheel of 190 teeth on axis A, 
whose tube ascends and revolves on that 
of Jupiter’s tube, and supports an: arm, 
having a ball representing Saturn and its 
rings, and which by the train of wheels 
is caused to perform a revolution round 
the Sun in the period of 10,746 days 19h. - 


16m. 50.9s. 


URANUS’S 
PERIOD. 


The revolution of this planet could 
not be attained with sufficient accu- 
racy from the period of a solar year: 
the period is engrafted on that of Sat- 
urn’s,; thus: a wheel of 117 teeth is 
made fast to wheel 190 of Saturn, and 
consequently revolves in Saturn’s period. 
This wheel of 117 teeth drives a wheel 
on axis B having 77 teeth, to which is 
fixed a wheel of 40 teeth, which turns 
on axis A a large wheel of 173 teeth, 
whose tube ascends and revolvés over 
that of Saturn, and carries a horizontal 
arm which supports a ball representing 
this planet, which is caused to complete 
its revolution by such a train of wheels 
in the period of 30,589 days 8h. 26m, 
58.4s. Such isa brief description of the 
motions of this comprehensive and very 
accurate machine. 


The axis A, on which the planet tubular 
wheels revolve, performs a rotation in 25 days 
10 hours by virtue of the following train of 


61.1 70 
wheels, gltie 


g of 24 hours, that is, a pinion of 


14 is assumed to revolve in 24 hours, and to drive a 
wheel of 61 teeth, to which is fixed a pinion of 
12, which turns the wheel 70 in the period noted; 
to this wheel-axis it is made fast, and by revolv= 
ing with it exhibits the Sun’s rotation. 
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biuRNAL The machine is turned by a handle or | REcIstra-) The planetarium is also furnished 
_ HAND. winch, which is assumed to turn round | Ne — with a-system of wheels for registrating 
in 24 hours, and from this rotation of | pares. dates for either 10,000. years past or to 





24 hours a train of wheel-work is re- 


quired to cause the “yearly axis” C to 
turn once round in 365 days 5h. 48m. 


,49.19s., which is effected in the follow- 


ing manner, viz: the train found by 
the process of the reduction of contin- 


ig G11144 124) ' 
uous fractions is i+ itty » that 


is, in the train for turning the Sun, the 
same pinion 14 turns the same wheel 61, 
and turns.a pinion of 18 leaves, to which 


is fixed a wheel of 144 teeth, having a |’ 


pinion of 23 leaves,which impels a large 
wheel of 241 teeth once round in 365.- 


| 242236 days, or 365d. 5h. 48m. 49.19s. 
The last mentioned wheel of 241 teeth 
ds*made fast to the under part of the 


* yearly axis” C at D, the handle having 
a@ pinion of 14 leaves therefor, and, 


transmitting. its motion’ through the 


above train, causes the yearly axis to re- 
volve in the same period. 


7 





Wheel-work. 





come. : The arrangement is not shown 
in the engraving (to prevent confusion), 
but it might be shortly described thus: 
near the top of the yearly axis is a 
hooked piece, e, which causes the tooth 
of a wheel of 100 teeth to start forward 
yearly; consequently, 100 starts of said 
wheel will cause it to revolve in» 100 
solar years; and it has a hand, which 
points on a dial on the cover of the ma- 
chine the years: thus, for the present 
year, this hand will be over the number 
45. This last-named wheel of 100 teeth 
has a-pin, which causes a tooth of 
another wheel of 100 teeth to start 
once in 100- years; hence this last wheel 
will complete one revolution in 10,000 
‘years; and it is, for this purpose. the 
former index or hand moves over a 
number yearly. The second index will 
pass over a number every.100 years; for 
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the present year, the second-hand or 


‘index will be over the number 18, and 


will continue over it until the first index 
moves forward to 99; then both indexes 
will-move at one time, viz: the first in- 
dex to O O on the first concentric circle 
of the dial, and the second index to 19, 
denoting the year 1900, and so of the 
rest. By the ecliptic being divided in a 
series of four spirals, the machine makes 
a distinction between common and leap 
years, and indicates the common year 
as containing 365 days, and the leap 

ear 366 days, by taking in a day in 
Friary every fourth year; thus, for 
any given period for 10,000 years past 





or to come, the various situations and 
aspects of the planets may be ascertained 
by operating with this machine, and this 
for thousands of years without produe- 
ing a sensible error either in space or 
time. This planetarium wheel-work is 
inclosed in an elegant mahogany box of 
twelve sides; is about five feet in diame- 
ter by ten inches in depth. At each of 
the twelve angles, or sides, small brass 
pillars rise, and support a large ecliptic 
circle, on which are engraven the signs, 
degrees, and minutes of the ecliptic, the 
days of the month, &c. | This mahoga- 
ny box with the wheel-work is supported 
by a tripod stand three feet in hight, and 
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a 


motion is communicated to the several 
balls representing the planets by turning 
the handle as before described. A plane- 
tarium of this complicated sort costs 
sixty guineas, 


The foregoing is a tabular view of the wheel- 
work, periods, &c.’ 

In the month of October last. year, Dr. Hender- 
son made a seriés of calculations for a new plan- 
etarium for the use of schools. It shows with 
considerable accuracy. for 700 days the mean 
tropical revolutions of the planets round the sun. 


The machine consists of a system of brass wheels | 


peculiarly arranged, and is inclosed- in a circular 
case three feet in diameter, the top of which has 
the signs and degrees of the ecliptic laid down on 
it, as also the days of the months, &c. This 
planetarium costs only 45s., or, on a tripod stand, 
table-high, 55s.: the machine is put in motion by 
a handle on the outside. To the teachers and 


others connected with education, this planetarium | 


must be of great importance, for without a proper 
elucidation. of the principles of astronomy, that 
of Geography must be but confusedly understood. 
This planetarium is at present made by Mr. Dol- 
lond, 9 White Conduit Grove, Islington, Lon- 
don. 

The Tellurion is a small’ instrument which 
should be used in connection with the planetarium 
formerly described. This instrument is intended 
to show the annual motion of the earth, and the 
revolution of the moon around it. It also illus- 
trates the moon’s phases. and ,the motion of her 
nodes, the inclination of the Harth’s axis, the 
causes of eclipses, the variety of seasons,and other 
phenomena. It consists of about eight wheels, 
pinions, and circles. . A small instrument of this 
description may be purchased for about £1 8s., 
as stated on page 143. 


ON THE VARIOUS OPINIONS WHICH WERE ORIGIN- 
ALLY FORMED OF SATURN’S RING. 


The striking and singular phenomenon con- 
nected with the planet Saturn, though now ascer- 
tained beyond dispute to bea ring or rings sur- 
rounding its body at a certain distance, was a 
subject of great mystery, and gave rise to nu- 
merous conjectures and controversies for a con- 
siderable time after the invention of the tele- 
scope by which it was discovered. Though it 
was first discovered in the year 1610, it was 
nearly 50 years afterward before its true form 
and nature were determined. Galileo was the 
first who discovered anything uncommon con- 
nected with Saturn: through his telescope he 
thought he saw that planet appear like two small- 
er globes on each side of a larger one ; and after 
viewing the planet in this form for two, years, 
he was surprised to'see it becoming quite round, 
without its adjoining globes, and some time after- 
ward to appear in the triple form. This appear- 
ance is represented in fig. 1 of the following 
engraving. In the year 1614, Scheiner, a Ger- 
man astronomer, published a representation of 
Saturn, in which this planet is exhibited as a 
large central globe, with two smaller bodies, one 
on each side, partly of a conical form, attached 
to the planet, and forming a part of it, as shown 
fig. 2. In the years 1640 and 1643, Ricciolus, an 
Italian mathematician and astronomer, imagined 
he saw Saturn as represented in fig. 3, consisting 
of a central globe, and two conical-shaped bodies 
completely detached from it, and published au 
account of it corresponding to this view. Heve- 
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lius, the celebrated astronomer of Dantzig, author 
of the Selenographia and other works, made many 
observations on this planet about the years 1643, 
1649, and 1650, in which he appears to have ob- 
tained different views of the planet and its ap- 
pendages, gradually approximating to the truth, 
but still. incorrect. These views are represented 


Fig. 97. 


»o@ = 


in figures 4, 5,6, and 7. Fig. 4 nearly resembles 
two hemispheres, one on each side of the globe 





of Saturn. The other figures very nearly resem- 
ble the extreme parts of the ring as seen through 
a good telescope, but he still seems to have consid- 
ered them-as detached from each other as well as 
from Saturn. Figures 8 and 9 are views given 
by Ricciolus at.a period posterior to that in which 
he supposed Saturn and his appendages in the 
form delineated in fig. 3. In these last delinea- 
tions the planet was supposed to be inclosed in an 
elliptical. ring, but this ring was supposed to be 
fixed to its two opposite sides. 

Fig. 10 is a representation by Eustachius Divi- 
ni, a celebrated Italian optician at Bologna. The 
shades represented on Saturn and the elliptical 
curve are incorrect, as this planet presents no 
such shadowy form. The general appearance 
here presented is not much unlike that which the 
ring of Saturn exhibits, excepting that the up- 
per side of the ring should appear covering a por- 
tion of the orb of Saturn; but Divini seems to 
have conceived that the curve on each side was 
attached to the body of Saturn, for when Huy- 
gens published his discovery of the ring of Saturn 
in 1659, Divini contested its truth, because he 
could not perceive the ring through his own fele- 
scopes; and he wrote a treatise on the subject in 
opposition to Huygens in 1660, entitled ‘“ Brevis 
Annotatio in Systema Saturnium.”? Huygens 
immediately replied to him, and Divini wrote a 
rejoinder in 1661. Fig. 11 is the representation 
given by Francis Fontana, a Neapolitan Astrono- 
mer. This figure represents Saturn as having 
uwo crescents, one on each side, attached to its 
body, with.intervals between the planet and the 
crescents. Fig. 12 is.a view delineated by Gas- 
sendus, a celebrated French philosopher. It re- 
presents the planet as a large ellipsoid, having a 
large circular opening near each end, and if this 
representation were the true one, each opening 
would be at least 30,000 miles in diameter. Fig 
13, which is perhaps the most singular of the 
whole, is said to be one of the views of this planet 
given by Ricciolus. It represents two globes, 
each of which, in the proportion they here bear 
to Saturn, must be more than 30,000 miles in 
diameter. ‘These globes were conceived as being 


es 


attached to the body of Saturn by curves or 
bands, each of which, in the proportion represent- 
ed, must have been at least 7000 miles in breadth, 
and nearly 40,000 miles long. This would have 
exhibited the planet Saturn as a still more singu- 
lar body than what we have found it to be; but 
no such construction of a planet has. yet been 
found in the universe, nor is it probable that such 
a form of a planetary body exists. 

It is remarkable that only two general opinions 
should have been formed respecting the construc- 
tion of Saturn, as appears from these representa- 
tions: either that this planet was composed of 
three distinct parts, separate from each other, or 
that the appendage on each side was fixed to, the 
body of the planet.. The idea of a ring surround- 
ing the body of the planet at a certain distance 
from every part of if seems never to have been 
thought of until the celebrated Huygens, in 1655, 
1656, and 1657, by numerous observations made 
on this planet, completely demonstrated that it is 
surrounded by a solid and permanent ring, which 
never changes its situation, and, without touch- 
ing the body of the planet, accompanies it-in its 
revolution around the sun. As ‘the cause of all 
the erroneous opinions above stated was owing to 
the imperfection of the telescopes which were 
then in use, and their deficiency in magnifying 
power, this ingenious astronomer set himself to 
work in order to improve telescopes for celestial 
observations. 
and polishing object-glasses, which he finished 
with his own hands, and produced lenses of a 
more correct: figure, and of a longer focal dis- 
tance, than what had previously been accom- 
plished. He first constructed a telescope 12 feet 
long, and afterward one 23 feet long, which 
magnified about 95 times; whereas Galileo’s best 
telescope magnified only about 33 times. He 
afterward constructed one 123 feet long, which 
magnified about 220 times. It was used without 
a tube, the object-glass being placed upon the top 
of a pole, and connected by a cord with the eye- 
piece. With such telescopes this ingenious artist 


and mathematician discovered the fourth satellite 


of Saturn, and'demonstrated that the phenomenon 
which had been so egregiously misrepresented’ by 
preceding astronomers consisted: of an immense 
ring surrounding the body, and completely de- 
tached from it. His numerous observations and 
reasonings on this subject were published in 
Latin in 1659, in a quarto volume of nearly 100 
pages, entitled Systema Saturnium, sive de cau- 
sis mirandorum Saturni Phenomenon, et Comite 
ejus Planeta Nova,” from which work the figures 
and some of! the facts stated above have been 


extracted. : 


ON THE SUPPOSED DIVISIONS OF THE EXTERIOR RING 
OF SATURN. 


From the period in which Huygens lived until 
the time when Herschel applied his large tele- 
scopes to the heavens, few discoveries were made 
in relation to Saturn. Cassini, in 1671, discovered 
the fifth satellite of this planet; in 1672, the third; 
and the first and second in March, 1684. In 1675, 
Cassini. saw the broad side of its ring bisected 
quite round by a dark elliptical line, of which the 
inner part appeared brighter than the outer. In 
1722, Mr. Hadley, with his five feet Newtonian 
reflector, observed the same phenomenon, and 
perceived that the dark line was stronger next the 
body, and fainter toward the upper edge of the 
ring. Within the ring he also discovered two 
belts across the disc of Saturn; but it does not 
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He improved the art of grinding |: 
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appear that they had any idea that this dark line 
was empty space separating ‘the ring into: two 
parts. ‘This discovery was reserved for the late 
Sir W. Herschel, who made numerous observa- 
tions on this planet, and likewise ascertained that 
the ring ‘performs a revolution round the planet 
in ten hours and thirty minutes. 

Of late years, some observers have supposed 
that the exterior ring of Saturn is divided into 
several parts, or, in other words, that it consists 
of two or more concentric rings. The following 
are some of the observations on which this opin- 
ion is founded. They are chiefly extracted from 
Captain Kater’s paper on this subject which was 
read before the Astronomical Society of London. 

The observations, we are told, were made in 
the years 1825 and 1826,:and remained unpub- 
lished from-a wish on the part of the observer to 
witness the appearances again. ‘The planet, Sat- 
urn has been much observed- by Captain. Kater 
for the purpose of trying the light, &c., for which 
the ring and satellites are good tests. The instru- 
ments which were employed in the present inves- 
tigations were two’ Newtonian reflectors, one by 
Watson; of 40: inches focus and 614th aperture, 
and another by Dollond, of 68 inches focus. and 
634ths aperture. The first, under favorable cir- 
cumstanees, gave a most excellent image; the 
latter is a'very good instrument: ‘The following 
are extracts from the author’s journal. 

Nov; 25, 1825. The double ring beautifully: 
defined, perfectly distinct all around, and the 
principal belts well seen. I tried many concave 
glasses, and found that the image was much 
sharper than with convex eyeglasses, and the 
light apparently much greater. Dollond, 259, the 
best power, 480, a single lens, very distinct.’ Nov. 
30, the night very favorable, but not equal to the 
25th. The exterior ring of Saturn is not so 
bright as the interior, and the interior is less 
bright close to the edge next the planet. ‘The in- 
ner edge appears more yellow than the rest of 
the ring, and nearer in color to the body of the 
planet. Dec: 17. The evening extremely. fine. 
With Dollond I perceived the outer ring of Saturn 
to be darker than the inner, and the division of 
the ring all around with perfect distinctness; but 
with Watson I fancied that I saw the outer ring 
separated by numerous dark divisions extremely 
close, one stronger than the rest, dividing the ring 
about equally. This was seen with my most per- 
fect single eyeglass power. A careful examina- 
tion of some hours confirmed this opinion. Jan. 
16 and 17, 1826: Captain Kater believed that he 
saw the divisions with the Dollond, but was not 
positive. Concave eyeglasses found to be superior 
to convex. Feb. 26, 1826. The division of the 
outer ring not seen with Dollond. On the 17th 
Dec., when thé divisions were most distinctly seen, 
Captain Kater made a’drawing of the appearance 
of Saturn and his rings. The phenomena were 
witnessed by two other persons on the same even- 
ing, one of whom saw several divisions in the 
outer ring, while the other saw one middle division 
only; but the latter person was short-sighted, and 
unaccustomed to telescopic observations. It may 
be remarked, however, that these divisions were 
not seen on other evenings, which yet were con- 
sidered yery favorable for distinct vision. 

It is said that the same appearances were seen 
by Mr.Short, but the original record of his obser- 
vations cannot be found. In Lalande’s Astrono- 
my (3d edition, article 3351). it is said, “Cassini 
remarked that the breadth of the ring was divided 
into -two equal parts by a dark line having the 
same curvature as the ring, and the exterior por- 
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tion was the less light.. Short told me that he 


observed still more singular phenomena with his 
large telescope of 12 ieet. ‘The breadth of the 
ans, or extremities of the ring, was, according to 
him, divided into two parts, an inner portion 
without any break in the illumination, and an 
outer divided by several lines concentric with the 


circumference, which would, lead to a belief that | 
there are several. rings in the same plane.’ De 


Lambre and, Birt \severally state that Short saw 
the outer ring divided, probably on the authority 
of Lalande. In Brewster’s Ferguson’s Astrono- 
my, vol. ii, p- 125, 2d edition, there is the follow- 
ing note on this subject: “Mr. Short assures us 
that with an excellent telescope he observed. the 


surface of the ring divided by several dark.con-. 


centric lines, which seem to indicate a number of 
rings’ proportional to the number of dark lines 
‘which he perceived.” ° 

In December, 1813, at Paris, Professor Quetelet, 
saw the outer ring divided with the achromatic 
telescope of ten inches aperture, which was ex- 
hibited at the exposition. He mentioned this 
the following day to M.de/la Place, who observed 
that “those, or even more divisions, were) con- 
formable to the system of the world.’? On the 
other hand, the division of the outer ring was not 
seen by Sir W. Herschel in 1792, nor ‘by Sir J. 
Herschel in 1826, nor by Strive in the same year; 
and on several occasions when the atmospheric 
conditions were most favorable, it has not been 
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seen by Captain Kater. It has been remarke 
by Sir W. Herschel, Strive, and others, that the 
exterior ring is much less brilliant than the inte- 
rior; and it is asked, May not this want of light 
in the outer ring arise from its having a very 
dense atmosphere ? and may not this atmosphere 
in certain states admit of the divisions of the ex- 
terior ring being seen, though, under other cir- 
cumstances, they remain invisible? The above 
observations are said to have been confirmed by 
some yecent obsérvations by Decuppis. at Rome, 
who announced some years ago, that Saturn’s outer 
ring is divided into two or three concentric rings. 

Some of the observations stated above, were 
they perfectly correct, would lead to the conclu- 
sion that Saturn is encompassed with a number 
d parallel to each 
omena as described 
the most power- 
ms, Ay 







other. But while such phe 
above are.so seldom seen, ev 
fal telescopes and the most observers, a 
certain, degree of doubt m st still hang over the 
subject; and we must suspend our opinion on 
this point until future observations shall either con- 
firm or render doubtful those to which we have 
referred. Should the Earl of Rosse’s great tele- 
scope, when finished for observation, be found. to 
perform according to the expectations now enter- 
tained, and in proportion to its size and quantity 
of light, we'shall expect that our doubts will be 
resolved in regard to the supposed divisions of the 
ring of Saturn. 


APPENDIX. 


BRIEF DESCRIPTION OF THE EARL OF ROSSE’S TELESCOPE. 


Tuis telescope, the largest and most magnifi- 
cent that ever was attempted, reflects the greatest 
honor on the genius, the inventive powers, and 
the scientific acquirements of its noble contriver, 
as well-as on the elevated station in which he is 
placed. With rank and fortune, and every) cir- 
cumstance that usually unfit men for: scientific 
pursuit, he has set a bright example to his com- 
peers of the dignity and utility of philosophical 
studies and investigations, and of the aids they 
might render to the progress of science, were 
their wealth and pursuits directed in a proper 
channel. 5 

Previously to his lordship’s attempting the con- 
struction of his largest, or “Monster Telescope,”’ 
he had constructed one with a speculum of three 
feet in diameter» which was considered one of the 
most accurate and powerful instruments that had 
ever been made, not excepting even Sir W. Her- 
schel’s forty feet reflector. In the account of 
this telescope published in the Philosophical 
Transactions for 1840, his lordship speaks of the 
possibility of a speculum of six feet in diameter 
being cast. At that time it was considered by 
some as little short of a chimera to attempt the 
construction of such amonstrous instrument; but 
the idea no sooner occurred to this ingenious and 
persevering nobleman than he determined to put 
it to the test, and the result has been attended 
with complete success. The materials of which 
this speculum is composed are copper and tin, 
united very nearly in their atomic proportions, 
namely, copper 126.4 parts to tin 58,9 parts. 





This compound has a specific gravity of 8.8, and 
is found to preserve its ]uster with more splendor, 
and to be more free from pores than any other. 
A foundry was constructed, expressly for the pur- 
pose of casting the speculum... Its chimney, built 
from the ground, was 18 feet high, and 164g 
square at the base, tapering to four at. the top. 
At each of its sides, communicating with it by a 
flue, was sunk a furnace 8 feet deep and 514 
square, with a circular opening 4 feet in diame- 
ter. About seven feet from the chimney was 
erected alarge crane, with the necessary tackle 


| for elevating and carrying the crucibles from the 


furnace to the mold, which was placed in a line 
with the chimney and crane, and had three iron 
baskets supported on pivots hung round it; and 
four feet farther on was the annealing oven. 
The crucibles which contained the metal were 
each 2 feet in diameter, 24g deep, and together 
weighed one ton and ahalf. They were of cast 
iron, and made to fit the baskets at the side of the 
mold. These baskets were hung on wooden up- 
rights, or pivots; to one of these, on each side, 
was attached a lever, by depressing which it 
might be turned over, and the contents of the 
crucible poured into the mold. The bottom of 
the mold was made by binding together tightly 
layers of hoop iron, and turning the required 
shape on them edgewise. This mold conducted 
the heat away through the bottom, and cooled 
the metal toward the top in infinitely small 
layers, while the interstices, though close enough 
to prevent the metal from escaping, were suffi- 
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ciently open to allow the air to penetrate. This 
bottom was 6 feet in diameter and 514 inches 
thick, and was made perfectly horizontal by means 
of spirit levels, and was surrounded by a wooden 
frame, A wooden pattern, the exact size of the 
speculum, being placed on the iron, sand was well 
packed between it and the frame, and the pattern 
was removed. Hach of the crucibles containing 
the melted metal was then placed in its basket, 
and everything being ready for discharging their 
contents, they were at the same instant turned 
over, and the mold being filled, the metal in a 
short time safely set into the required figure. 
While it was red hot, and scarcely solid, the 
framework was removed, and an iron ring con- 
nected with a bar which passed through the oven 
being placed round it, it was drawn in. by means 
of a capstan at th foie: side, on a railroad, when 
charcoal being lighted in the oven, and turf fires 
underneath it, all penings were built up, and 
it was left for sixteen weeks to anneal. It was 
cast on the 13th of April, 1842, at 9/o’clock in 
the evening. The crucibles were ten hours heat- 
ing in the furnaces before the metal was  intro- 
duced, which in about ten hours more was suffi- 
ciently fluid to be poured. When the oven was 
opened the speculum was found as perfect’ as 
when it entered it. It was then removed to the 
grinding machine, where it underwent that pro- 
cess, and afterward was polished, without any 
accident having occurred. : 








This speculum weighed three tons,’ and lost| 


about one-eighth of an inch in grinding. Lord 


Rosse has since cast another speculum of the, 


same diameter four tons in weight... He-can now, 


with perfect confidence, undertake any casting, 
so great an improvement has the form of mold: 


which he has invented proved. The speculum 
was placed on an equilibrium bed, composed of 
nine pieces, resting on points at their centers of 
gravity. The pieces were lined with pitch and 
felt before the speculum was placed on them. 
The speculum: box is’ also lined with felt, and 
pitched: this prevents any sudden change of tem- 
perature affecting the speculum by means of the 
bad conducting power of the substances employed. 
A vessel of lime is kept in connection with the 


speculum box’ to absorb the moisture, which’ 


otherwise might injure the mirror. The process 
of grinding was conducted under water, and the 
moving power employed was a steam-engine of 
three. horse power. ‘The polisher is connected 
with the machinery by means of a large ring of 
iron, which loosely encircles it; and instead of 
either the speculum, or the polisher ‘being sta- 
tionary, both move with a regulated speed. The 
ring of the polisher, and therefore the polisher 
itself, has a transyerse and a longitudinal motion; 
it makes 80 strokes in the minute, and 2414 strokes 
backward and forward for every revolution of the 
mirror, and at the same time 1 72 th strokes in 
the transverse direction. The extent of the latter 
is 2,7 ths of the diameter of the speculum. The 


substance made use of to wear down the surface 
was emery and water: a constant supply of these 
was kept between the grinder and the speculum. 
The grinder is made of cast iron, with grooves 
cut lengthwise, across, and circularly on its face. 
The polisher and speculum have a mutual action 
upon each other: in a few hours, by the help of 
the emery and water, they are both ground truly 
circular, whatever may have been their previous 
defects. The grinding is continued until the re- 
quired form of surface is produced, and this is as- 
certained in the following manner: there is a high 
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tower over the house in which the speculum is 
ground, on the top of which is fixed a pole,.to 
which is attached the dial of a watch; there.are 
trap-doors which open, and by means of a tempo- 
rary eyepiece, allow the figure of the dial to he 
seen in the speculum brought toa slight polish. 
If the dots on the dial are not sufficiently well- 
defined, the grinding is continued; but if they 
appear satisfactorily, the polishing is commenced 
It required six weeks to grind it to a fair surface 
The polisher was cut into.grooves, to prevent the 
abraded matter from accumulating in some places 
more than in others; a thin layer of pitch was 
spread over it; it was smeared over with rouge 
and water, anda supply of it kept up until the 
machinery brought it toa fine black polish. The 
length of time employed for polishing the three- 
feet speculum was six hours.* ; 

This large telescope is now completed, or nearly 
so. The tube is 56: feet long, including the spe- 
culum box, and is made of deal one inch thick, 
hooped with iron. On the inside, at intervals of 
eight feet, there are rings of iron three inches in 
depth and one inch broad, for the purpose of 
strengthening the sides. The diameter of the 
tube is seven feet. It is fixed to mason-work in 
the ground by a large universal hinge, which 
allows it to turn in all directions. At12 feet dis- 
tance on each-side a wall is built, 72 feet long, 48 
high on the outer side, and 56 on the inner, the 


| walls being 24 feet distant from each other, and 


lying exactly in the meridional line. When di- 


rected to the south, the tube may be lowered until 


it becornes almost horizontal; but when pointed 
‘tothe north, it only falls until it is parallel with 


| the earth’s axis, pointing then to the pole of the 


-heavens. Its lateral movements take place only 
from wall to wall,-and this commands a view for 
half an hour on each side of the meridian; that is, 


‘the whole of its motion from east to west is limited 


to 15 degrees. At present it is fitted up in a tem- 
porary way to be used as a transit instrument; 
but’ it is ultimately intended to connect with the 
tube-end galleries machinery which shall give an 
automaton movement, so that the telescope shall 
be used as an equatorial instrument. All the 
works connected with this instrument are of the 
strongest and safest kind; all the iron work was 
cast in his lordship’s laboratory by men instructed 
by himself, and every part of the machinery was 
made under his own eye by the artisans in his own 
neighborbood, and not a single accident worth 
mentioning happened during the whole proceed- 
ing. 

‘The expense incurred by his lordship in the 
erection of this noble instrument, was not. less 
than twelve thousand pounds! beside the money 
expended in the construction of the telescope of 
three feet diameter. Sufficient time bas not yet 
been afforded for making particular observations 
with this telescope; but from slight trials which 
have been made, even under unfavorable circum- 
stances, itpromises important results. Its great 
superiority over every telescope previously con- 
structed, consists in the great quantity of light it 
reflects, and the brilliancy with which it exhibits 
objects, even when high powers are applied. It 
has a reflecting surface of 4071 square inches, 
while tnt of Herschel’s 40 feet telescope had 
only 1811 square inches on its polished surface, 





* The above description has been selected and abridged 
from a small volume entitled ‘The Monster Telescope, 
erected by the Earl of Rosse, Parsontown,;”’ and also from 
the “Lllustrated London News” of September 9th, 1843. 
In the volume alluded to a more particular description wil) 
be found, accompanied with engravings. 
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so that the quantity of light reflected from the 
speculum is passin ont more than double that 
of Herschel’s largest reflector. ‘This instrument 
has already exceeded his lordship’s expectations. 
Many appearances before invisible in the Moon 
have been perceived, and there is every reason to 
expect that new discoveries will be’ made by it in 
the Nebule, double and triple stars, and other 
celestial objects. The following is an extract of 
a communication from Sir James South on this 
subject, addressed to the editor of the ‘* Z'imes;”’ 
“The leviathan telescope on which the ‘Earl of 
Rosse has been toiling upward of two ‘years, 
although not absolutely finished, was on Wednes- 
day last directed to_the sidereal heavens. The 
letter which I have this morning received from its 
noble maker, in his usual’ unassuming style, 
merely states that the metal, only just’ polished, 
was of a pretty good figure, and that with a 
power of 500 the nebula known as’No. 2 of Mes- 
sier’s catalogue was even more magnificent than 
the nebula No. 13 of Messier, when seen with his 
lordship’s telescope of three feet diameter and 27 
feet focus. Cloudy weather prevented him from 
turning the leviathan on any other nebulous ob- 
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ject. Thus, then, we have all danger of egal 
breaking before it could be polished, overcome. 
Little more, however, will be done with it for some 
time, as the earl is on the eve of quitting Ireland 
for England to resign his post at York as presi- 
dent of the British Association. I look forward 
with intense anxiety to witness its first severe 
trial, when all its various appointments shall be 
completed, in the confidence that those who may 
then be present will see with it what man has 
never seen before. The diameter of the large 
metal is six feet, and its focus 54 feet; yet the 
immense mass is manageable by one man. Corn- 
pared with it, the working telescopes of Sir Wil- 
liam Herschel, which in his hands conferred on 
astronomy such inestimable service, and on him- 
self. astronomical immortality, were but play- 
things.” — Bae 

The following is 4 more rece1 
servations made by this teéles : 
from Sir James South’s d iption, inserted in 
the Times of April 16th, 1845, and the * Zllus- 
trated London News” of April 19: \ 

“The night of the 5th of March, 1845, was the 
finest I ever saw in Ireland. Many nebule were 
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observed by Lord Rosse, Dr. Robinson, and my- 
self. Most of them were, for the first time since 
their creation, seen by us as groups or clusters of 
stars; while some, at least to my eyes, showed no 


‘ such resolution. Never, however, in my life did 


I see such glorious sidereal pictures as this instru- 
ment afforded us. Most of the nebule we saw I 
certainly have observed with my own achromatic; 
but although that instrument, as far as relates to 
magnifying power, is probably inferior to no one 
in existence, yet to compare these nebula,;as seen 
with it and the six-feet telescope, is like compar- 
ing, as seen with the naked eye, the dinginess of 
the planet Saturn to the brilliancy of Venus. The 
most popularly known nebule observed this night 
were the ring nebule in the Canes Venatici, or the 
5lst of Messier’s catalogue, which was resolved 
into stars with a magnifying power of 548, and 
the 94th of Messier, which is in the same constel- 
lation, and which was resolved into a la globu- 
lar cluster of stars not much unlike he well- 
known cluster in Hercules, called also the 13th 
of Messier.”” Perfection of figure, howeyer, of a 
telescope must be tested, not by nebula, but by 
its performance on a star of the first magnitude. 
If it will, under high power, show the star round 
and free from optical appendages, we may safely 
take it for granted it will not only show nebule 






















































































well, but any other celestial object as it ought. 
To determine this point, the telescope Was directed 
to Regulus with the entire aperture, and a power 
of 800, and «I saw,” says Sir James, “ with in- 
expressible delight, the star free from wings, tails, 
or optical appendages; not indeed, like a planetary 
disc, as in. my large achromatic, but a round 
image resembling voltaic light, between charcoal 
points; and so little aberration had this brilliant 
image, that I could have measured its distance 
from, and position with any of the stars in the 
field with a spider’s-line micrometer, and a power 
of 1000, without the slightest difficulty; for not 
only was the large star round, but the telescope, 
although in the open air, and the wind blowing 
rather fresh, was as steady as a rock.” 

“On subsequent nights, observations of other 
nebule, amounting to some thirty or more, re- 
moved most of them from the list of nebule, 
where they had long figured, to that of clusters; 
while some of these latter, more especially the 5th 
of Messier, exhibited a sidereal picture in the tele- 
scope such as man before had never seen, and 
which for its magnificence baffles all description, 
Several double stars were seen with various aper- 
tures of the telescope, and with powers between 
ee and 800; and as the earl had before told us 

we should—before the speculum was inserted in 
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‘the tube,in consequence of his having been 
obliged to quit the superintendence of the polish- 
ing at the most critical, part of the process—we 
found that a ring about six inches broad, reckon- 
ing from the circumference of the speculum, was 
not perfectly polished, and. to that: the -Jittle irra- 
diation seen about Regulus was. unquestionably 
referrible. The only double stars of the first class 
which the weather permitted us to examine with 
it were Xi Urse Majoris, and Gamma Virginis, 
which I could have measured with the greatest 
confidence. D’Arrest’s comet we observed on the 
12th of March, with a power of 400, but nothing 
worthy of notice was detected. Of the Moon a 
few words must suffice. Its appearance in my 
large achromatic of 12 inches aperture is known 
to hundreds of readers; let them then imagine 
that with it they look a¢ the moon, while with 
Lord Rosse’s t they look into it, and they 
will not for y erroneous opinion of the 

erformance 0 athan. On the 15th of 

arch, when the moon was seven days old, I 
never saw her unilluminated disc so beautifully, 
nor her mountains so temptingly measurable. On 
my first looking into the telescope, a star of about 
the seventh magnitude was some minutes of a 
degree from. the moon’s dark limb, and its occul- 
tation by the moon appeared inevitable. The star, 
however, instead of disappearing the moment the 
moon’s edge came in contact with it, apparently 
glided on the moon’s dark face, as if it had been 
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from wall to wall by a machinery within the 


observer’s reach, but which a child, may work. | 


When the telescope is about half an hour east of 
the meridian, the galleries, hanging over the gap 
between the walls, present to a spectator below an 
appearance somewhat dangerous; yet the observer, 
with common prudence, is as safe as on the 
ground, and each of the galleries can be drawn 
from the wall to the telescope’s side so readily, 
that the observer needs no one else to move it for 
him. 

The foregoing figure (98) represents only the 
upper part of the tube of the telescope, at which 
the observer stands when making his observations. 
The telescope is at present of the Newtonian con- 
struction, and, consequently, the observer looks 
into the side of the tube at the upper end of the 
telescope; but it is proposed to throw aside the 
plane speculum, and to adapt it to the front view, 
on the plan already described (see pp. 88, 89, 
&c.), so that the observer will sit or stand with 
his back toward the object, and his face looking 
down upon tho speculum; and in this position he 
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seen through a transparent moon, or as if the star 
were between me and the moon. It remained on 
the moon’s dise. nearly two seconds of time, and 
then disappeared. . I have seen this apparent pro- 
jection of a star on the moon’s face several times, 
but from the great brilliancy of the star, this was 
the most beautiful I ever saw. The cause of this 
phenomenon is involved in impenetrable mystery. 

The following is a representation of the great 
Rosse telescope, along with part of the buildings 
with which it is connected. In the interior face 
of the eastern wall a-very strong iron are of about, 
43 feet radius is firmly fixed, provided with adjust- 
ments, whereby its. surface facing the telescope 
may be set very accurately in the plane of the 
meridian. On this bar lines are: drawn, the inter- 
val between any adjoining two of which corres- 
ponds to one minute of time on the equator. The 
tube and speculum, including the bed on which 
the speculum rests, weigh about, 15 tons... The 
telescope rests on a universal joint, placed on 
masonry about six feet below the ground, and is 
elevated or depressed by a chain and windlass; 
and although it weighs about 15 tons, the instru- 
ment. is raised by two men with great facility : 
of course, it-is counterpoised in every direction. 
The observer, when at work, stands in one of four 
galleries, the three highest of which are drawn 
out from the western wall, while the fourth or 
lowest.has for its base an elevating platform, along 
the horizontal surface of which a gallery slides 
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will sometimes be elevated between 50 and 60 feet 
above the ground. As yet, the telescope has no 
equatorial motion, but it very shortly will; and at 
no very distant day, clockwork will be connected 
with it, when the observer will, while observing, 
be almost as comfortable as if he were reading at 
a desk by his fireside. 

The foregoing figure (99) shows a section of 
the machinery connected with this telescope. It 
exhibits a view of the inside of the eastern wall, 
with all the machinery as seen in section. A is 
the mason work on the ground; B, the universal 
joint, which allows the tube to turn in all direc- 
tions; C, the speculum in its tube; D, the box; 
E, the eyepiece; F’, the movable pulley; G, the 
fixed one; H, the chain from the side of the tube; 
I, the chain from. the beam; K, the counterpoise; 
L, the lever; M, the chain connecting it with the 
tube; Z, the chain which passes from the tube to 
the windlass over a pulley on a trussbeam, which 
runs from W to the same situation on the opposite 
wall: the pulley is not seen; X is a railroad, on 
which the speculum is drawn either to or from its 
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box: part is cut away, to show the counterpoise, 
The dotted line a represents the course of the 


weight R as the tube rises or falls: it isa segment 


of a circle, of which the chain’ J is the radius. 
The tube is moved from wall to wall by the ratchet 
and wheel at R; the wheel is turned by the handle 
O, and the ratchet is fixed to the circle on the 
wall. ‘The ladders in front, as shown in the pre- 
eeding sketch, enable the observer to follow the 
tube in its ascent to where the galleries on the 
side-wall commence. These side-galleries are 
three in number, and each can be moved from 
wall to wall by the observer after the tube, the 
motion of which he also accomplishes by means 
of the handle O. 

I shall conclude the description of this wonder- 
ful instrument in the words of Sir James South: 


“What will be the power of this telescope | 


when it has its Le Mairean form [that is, when 


it is fitted up with the front view], “itis not easy | 


to divine. What nebule will it resolve into stars? 
in what nebule will it not find stars? how many 
satellites of Saturn will it show us? how many 
will it indicate as appertaining to Uranus? how 
many nebule never yet seen by mortal eye will 
it present to us? what spots will it show us on 
the various planets? will it tell us what causes 
the variable brightness of many of the fixed stars? 
will it give us any information as to the constitu- 
tion of the planetary nebul? will it exhibit to 
us any satellites encircling them? will it tell us 
why the satellites of Jupiter, which generally pass 
over Jupiter’s face as discs nearly of white light, 
sometimes traverse it as black patches! will it 
add to our knowledge of the physical construc- 
tion of nebulous stars? of that mysterious class 
of bodies which surround some stars, ealled, for 
want of a better name, ‘photospheres’? ‘will it 
show the annular nebule of Lyra merely as a 
brilliant luminous ring, or will it exhibit it as 
thousands of stars arranged in all the symmetry 
of an ellipse? will it enable us to comprehend the 
hitherto incomprehensible nature and origin of 
the light of the great nebule of Orion? will it 
give us, in easily appreciable quantity, the paral- 
lax of some of the fixed stars, or will it. make 
sensible to us the parallax of the nebule them- 
selves? finally, having presented to us original 
portraits of the moon and of the sidereal heavens, 
such as man has never dared even to anticipate, 
willit, by Daguerreotype aid, administer to us 
copies founded upon truth, and enable astrono- 
mers of future ages to compare the moon and 
heavens as they then may be with the moon and 
heavens as they were? Some of these questions 
will be answered affirmatively, others negatively, 
and that, too, very shortly; for the noble maker 
of the noblest instrument ever formed by man 
‘has cast his bread upon the waters, and will, 
with God’s blessing, find it before many days.” 


HINTS TO AMATEURS IN ASTRONOMY RESPECTING 
THE CONSTRUCTION OF TELESCOPEs. 


As there are many among the lower ranks of 
the community who have a desire to be possessed 
of a telescope which will show them some of the 
prominent features of celestial scenery, but who 
are unable to purchase a finished instrument at 
the prices usually charged by opticians,. the fol- 
lowing hints may perhaps be acceptable to those 
who are possessed of a mechanical genius. 

The lenses of an achromatic telescope may be 
purchased separately from glass-grinders or opti- 
cians, and tubes of a cheap material may be pre- 
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pared by the individual himself for receiving the 
glasses: The following are the prices at which 
achromatic object-glasses for astronomical tele- 
scopes are ‘generally sold: Focal length 30 inches, 
diameter 244th inches, from 2 to 31g guineas. 
Focal length 42 inches, diameter 224ths’ inches, 
from 5 to 8 guineas. Focal length 42 inches, 
diameter 314th inches, from 12 to 20 guineas. 
Focal length 42 inches, diameter 37attis inches, 
from 25 to 30 guineas. Eyepieces, from 10s. 6d. 
to 18 ‘shillings. The smallest of these lenses, 
namely, that. of 214th inches diameter, if truly 
achromatic, may be made to bear a power of from 
80 to 100 times in clear weather for celestial ob- 
jects, which will show Jupiter’s moons and belts, 
Saturn’s ring, and other celéstial -phenomena. 
The tubes may be made either of tin plates, papier 
maché, or wood. Wood, however, is rather a 
clumsy articie, and it is 
yet excellent tubes have so’ 
it. Perhaps the cheapest and m 
all tubes, when properly made, are those formed 
of paper. In forming these, a wooden roller of 
the proper diameter should be procured, and paper 
of ‘a proper size, along with bookbinder’s paste. 
About three or four layers only of the paper 
should be pasted at one ‘time, and when suffi- 
ciently dry, it should be smoothed by rubbing it 
with a smooth stick or ruler; after which another 
series of layers should be pasted on, and allowed 
to dry as before, and so on until the tube has ac- 
Fees a sufficient degree of strength and firmness. 
n this way I have, by means of a few old news- 
papers and similar materials, formed tubes as 
strong as if they had been made of wood. If 
several tubes be intended to slide into each other, 
the smallest tube should be made first, and it will 
serve as a.roller for forming the tube into which 
it is to slide. 

An achromatic object-glass of a shorter focal 
distance and a smaller diameter than any of those 
stated above, may be fitted up as a useful astrono- 
mical telescope when a better instrument cannot 
be procured. In the pawnbrokers’ shops in Lon- 





‘don and other places, an old achromatic tele- 


scope, with an object-glass 20 inches focal distance 
and about 14g inch diameter, may be purchased 
at a price varying from 15 to 20 shillings. By 
applying an astronomical eyepiece to such a lens, 
if a good one, it may beara power for celestial 
objects of 50 or 60 times. If two plano-convex 
glasses three-fourths of an inch focal distance be 
placed with their convex sides near to each other, 
they will form an eyepiece which will produce a 
power on'such an object-glass of above 50 times, 
which will show Jupiter’s belts and satellites, 
Saturn’s ring, the solar spots, and, thé mountains 
and cavities of the moon. I have an object-glass 
of this description which belonged to an old telée- 
scope, which cost me only 12 shillings, and with 
which I formerly made some useful astronomical 
observations. It was afterward used as the tele- 
scope of a small equatorial instrument, and with 
it I was enabled to perceive stars of the first and 
second magnitude, and the planets Venus, Jupiter, 
and Mars in the day-time. 

But, should such a glass be still beyond the 
reach of the astronomical amateur, let him not 
altogether despair. He may purchase a single 
lens of three feet focal distance for about a couple 
of shillings, and by applying an eyeglass of one 
inch focus, which may be procured for a shil- 
ling, he will obtain a power of 36 times, which 
is a higher power than Galileo was able to apply 
to his best telescope; and consequently, with such 
an instrument, he will be enabled to perceive all 
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the celestial objects which that celebrated astrono- 
mer first described, and which excited so much 
wonder at that period in the learned world; but, 
whatever kind of telescope may be used, it is es- 
sentially requisite that it be placed on a firm stand 
in all celestial observations; and any common me- 
chanic can easily form such a stand at a trifling 
expense. 

There is a certain optical illusion to which 
most persons are subject in the first use of tele- 
scopes, especially when applied to the celestial 
bodies, on which it may not be improper to make 
a remark. The illusion to which I allude is 
this, that they are apt to imagine the telescope 
does not magnify nearly so much as it really does; 
they are apt to complain of the small appearance 
which Jupiter and Saturn, for example, present 
when magnified 160 or 200 times. With such 
powers they are apt to imagine that these bodies 
do not appear so large as the moon to the naked 
eye; yet it can be proved that Jupiter, when 
nearest the earth, viewed with such a power, 
appears about five times the diameter of the full 
moon, and 25 times larger in surface. This ap- 
pears from the following calculation: Jupiter, 
when in opposition, or nearest the Earth, presents 
a diameter of 47”; the mean apparent diameter 
of the moon is about 31’; multiply the diameter 
of Jupiter by the magnily ing, power, 200, the 

roduct is 9400”, or 156’, or 2° 36’, which, divided 
by 31’, the moon’s diameter, produces a quotient 
of 5, showing that this planet with such a power 
appears five times larger in diameter than the full 
moon to the naked eye, and consequently 25 times 
larger in surface. Were a power of only 50 times 
applied to Jupiter when nearest the earth, -that 
planet would appear somewhat larger than the 
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full moon; for 47” multiplied by 50 gives 2350”, 
or 39’, which is 8’ more than the diameter of the 
moon; yet with such a power most persons would 
imagine that the planet does not appear one-third 
of the size of the full moon. 

The principal mode by which a person may be 
experimentally convinced of the fallacy to which 
T allude is the following: Ata time when Jupiter 
happens to be within a few degrees of the moon, 
let the planet be viewed through the telescope 
with the one eye, and the ‘magnified image of the 
planet be brought into contact with the moon as 
seen with the other eye, ‘the one eye looking at 
the moon, and the other viewing the magnified 
image of Jupiter through the telescope when 
brought into apparent contact with the moon; 
then it will be perceived that with a magnifying 
power of 50 the image of Jupiter will completely 
cover the moon as seen by the naked eye; and 
with a power of 200—when the moon is made to 
appear in the center of the magnified image of 
the planet—it will be seen that Jupiter forms a 
large and broad circle around the moon, appear- 
ing at least five times greater than the diameter 
of the moon. This experiment may be varied 
as follows: Suppose a person to view the moon 
through a small telescope or opera-glass magnify- 
ing three times, he will be apt to imagine, at first 
sight, that she is not in the least magnified, but 
rather somewhat diminished; but let him bring 
the image as seen in the telescope in contact with 
the moon as seen with the naked eye, and he will 
plainly perceive the magnifying power by the size 
of the image. It may be difficult, in the first in- 
stance, to look at the same time at the magnified 
image and the real object, but a few trials will 
render it easy ; 
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PREFACE. 


Tue following work is chiefly designed for juvenile readers, and for those who have 
hitherto acquired but a slender acquaintance with the general facts of astronomical 
science. With this view, the attention of the reader is, in the first place, directed to 
the general aspect and the apparent motions of the heavens, in order that he may be 
induced to contemplate, with his own eyes, the apparent movements of the celestial 
vault, in all its variety of aspects, as beheld in different countries and at different 
seasons of the year. Without such observations, the student of astronomy can 
never acquire a clear and accurate view of the economy of the solar system, and the 
phenomena it presents; and, therefore, such personal observations are particularly 
recommended to all the lovers of astronomical science. 


This work is a different one from “Celestial Scenery,” though in some points there 
must necessarily be a certain coincidence. The statements of the distances, magni- 
tudes, and general appearances of the planets, must necessarily be the same in both; 
but the particular descriptions, remarks, and moral and religious reflections, are different, 
A great variety of subjects likewise is introduced, which are not noticed in “ Celestial 
Scenery,” such as the following:—the figure of the Earth—view of its surface, atmo- 
sphere, and the method of finding its dimensions—celestial phenomena arising from 
the annual motion of the earth—the destination of the earth, and the final cause of its 
ereation—motions and aspects of the superior planets—general remarks on the solar 
system—method of acquiring an approximate idea of a million of units—the doctrine 
of ZEelipses, with tables and descriptions of the most remarkable eclipses of the sun 
and moon—descriptions of the seasons of the year, and their characteristics in diffe- 
rent countries—Reflections, moral and religious—history of astronomy—explanation 
of astronomical terms, &c. On these and various other topics, a considerable variety 
of interesting facts and sketches will be found more or less illustrated. 


One great object, which the author has uniformly kept in view, has been to lead the 
minds of the young from the creature to the Creator, and to direct them to contem- 
plate his attributes as displayed in the motions, magnitudes, and mechanism of the 
heavens, and to render their views of creation subservient to their moral and spiritual 
improvement, and to their preparation for a higher sphere of existence—an object 
which should always be kept in view in our contemplation of the works of God. 
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INTRODUCTION. 


Or all the sciences which are the subject of 
human study and investigation, Astronomy must 
be admitted to be the most interesting and sub- 
lime. It teaches us the motions, the magnitudes 
and distances of the heavenly bodies—their diver- 
sified phenomena, the laws by which they are 
directed in their varied movements, and the grand 
designs they are intended to fulfill in the vast 
system of the universe. 

The objects with which this science is conver- 
sant are so grand and marvelous— surpassing 
everything that could have been imagined in the 
infancy of science—that they tend to enlarge the 
field of human contemplation, to expand to an 
indefinite extent the conceptions of the human 
intellect, and to arouse the attention and excite 
the admiration even of the most incurious and 
uncultivated minds. The vast magnitude of the 
heavenly bodies, so far surpassing what could be 
conceived by their appearance to the unassisted 
eye; their incalculable numbers ; the immense 
velocity of their motions, and the astonishing 
forces with which they are impelled in their 
career through the heavens; the attractive influ- 
ence they exert upon each other, at the distance 
of hundreds of millions of miles; and the impor- 
tant ends they are destined to accomplish in the 
universal empire of Jehovah; present to the hu- 
man imagination a scene, and a subject of con- 
templation, on which the soul of man might 
expatiate with increasing wonder and delight, 
during an indefinite series of ages. 

Even to a common observer, the heavens pre- 
sent a sublime and elevating spectacle. He be- 
holds am immense concave hemisphere of un- 
known dimensions, surrounding the’ earth in 
every region, and resting as it were upon the 
circle of the horizon. From every quarter of 
this vast expanse—when the shades of night have 
spread over the earth—he beholds numerous 
lights displayed, proceeding onward in solemn 
silence, varying their aspects at different seasons, 
moving with different degrees of velocity, shin- 
ing with different degrees of splendor, and all 
calculated to inspire admiration and awe. Where- 
ever he travels abroad, either on the surface of the 
land or of the ocean, this celestial vault still appears 
encompassing this lower world; and, after travel- 
ing thousands of miles, it appears still the same, 
and seems to make no nearer an approach than 
when the journey commenced. While contem- 
plating this wonderful expanse with the eye of 
reason and imagination, the mind is naturally led 
into a boundless train of speculations and in- 
quiries. Where do these mighty heavens begin, 
and where do they end? Can imagination fathom 
their depth, or human calculations, or figures, 
express their extent? Have the highest created 











beings ever winged their flight across the bound- 
aries of the firmament? Can angels measure the 
dimensions of those heavens, or explore them 
throughout all their departments? Is there a 
boundary to creation beyond which the energies 
of Omnipotence are unknown, or does it extend 
throughout the infinity of space? Is the im- 
mense fabric of the universe yet completed, or is 
Almighty Power still operating throughout the 
boundless dimensions of space, and new creations 
still starting into existence? 

Such views and inquiries have a tendency to 
lead the mind to sublime and interesting trains 
of thought and reflection, and to afford scope for 
the noblest energies and investigations of the 
human intellect. A serious contemplation of the 
heavens opens to the mental eye a glimpse of orbs 
of inconceivable magnitude and grandeur, and 
arranged in multitudes which no man can num- 
ber, which have diffused their radiance on our 
world during hundreds of generations. It opens 
a vista which carries our views into the regions 
of infinity, and exhibits a sensible display of the 
immensity of space, and of the boundless opera- 
tions of Omnipotence: it demonstrates the exist- 
ence of an eternal and incomprehensible Divinity, 
who presides in all the grandeur of his attributes 
over an unlimited empire. Amidst the silence 
and the solitude of the midnight scene, it inspires 
the soul with a solemn awe, and with reverential 
emotions ; it excites astonishment, admiration, 
and @onder, and has a tendency to enkindle the 
fire .06f devotion, and to raise the affections to that 
ineffable Being who presides in high authority 
over all the movements of the universe. It 
teaches us the littleness of man, the folly of pride 
and ambition, and of all that earthly pomp and 
splendor with which mortals are so enamored 
—and that our thoughts and affections ought to 
soar above all the sinful pursuits, and transitory 
enjoyments, of this sublunary scene. 

Such being the views and the tendencies of this 
science, it ought to be considered as bearing an 
intimate relation to religion, and worthy the 
study of every enlightened Christian. It has 
been said, and justly, by a celebrated poet, that 
«An undevout astronomer is mad.’ ‘The evi- 
dence of a self-existent and eternal Being, whose 
wisdom is inscrutable, and whose power is un- 
controllable, is so palpably manifested in the 
arrangement and the motions of the celestial orbs, 
that it cannot but make an indelible impression 
on every rational and reflecting mind. Though 
the heavenly bodies have ‘*no speech nor lan- 
guage,” though they move round the earth in 
silent grandeur, and “their yoice is not heard’? 
in articulate sounds, yet “their line is gone 
throughout all the earth, and their words to the 
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end of the world”—proclaiming to every atten- 
he spectator, that “ The hand that made them is 
ivine.”? So that there is scarcely a tribe or 
nation on the face of the earth, so inattentive 
and barbarous as not to have deduced this con- 
clusion from a survey of the movements of the 
celestial orbs. ‘ Men,” says Plato, “began to 
acknowledge a Deity, when they saw the stars 
maintain so great a harmony, and the days and 
nights throughout all the year, both in summer 
and winter, to observe their stated risings and 
settings.” Another heathen philosopher, Cicero, 
thus expresses his sentiments on this point: “ What 
can be so plain and clear as, when we behold 
the heavens, and view the celestial bodies, that 
we should conclude there is some Deity of a 
most excellent mind by whom these things are 
governed—a present and Almighty God. Which, 
he that doubts of, I do not understand why 
he should not as well doubt whether there 
be a sun that shines, and enlightens the world.” 

The sacred Scriptures, in numerous instances, 
direct our attention to this subject. ‘The hea- 
vens,’’ says the Psalmist, “declare the glory of 
God ;” that is, they manifest his wisdom and 
power, and beneficence to the inhabitants of the 
world;—* the firmament showeth forth,” or pub- 
licly declareth, “his handiwork.’ ‘Day unto 
day uttereth speech, and night unto night showeth 
knowledge. There is no speech nor language 
where their voice is not heard.’? In reference to 
that department of creation which astronomy 
explores, it may be said with peculiar propriety, 
in the language of Scripture, “The works of the 
Lord are great, sought out of all them that have 
pleasure therein.” Throughout the volume of 
inspiration, our attention is frequently directed to 
the contemplation of the heavens: “ Lift up thine 
eyes on high, and behold who hath created these 
things.—The everlasting God, the Lord, the Crea- 
tor of the ends of the earth, who fainteth not, 
neither is weary; there is no searching of his 
understanding,—He bringeth out their host by 
number, and ecalleth them all by names: by the 
greatness of his might, for that he is strong in 
power; not one faileth.—It is he that sitteth upon 
the circle of the earth, and the inhabitants there- 
of are as grasshoppers.—All nations before him 
are as nothing; and they are counted to hing less 
than nothing, and vanity.’’—* Hearken untogthis, 
O Job: stand still, and consider the wondrous 
works of God.” 

Hence it appears, that it is not to be considered 
merely as a matter of taste, or as a rational 
amusement, but as an imperative duty, to con- 
template the works of the Most High, and espe- 
cially the manifestations of his power and God- 
head which the heavens, display—that we may 
derive more enlarged conceptions of his glorious 
attributes, and be enabled to render to him that 
tribute of adoration and praise which is due to 
his name. For it is represented as one of the 
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characteristics of the ungodly ,that while “the har9, 
and the viol, and the tabret, and.pipe, and wine 
are in their feasts,—they regard not the work of 
the Lord, neither consider the operation of hi 
hands;’’ and consequently “he will destroy them, 
and not build them up.”’ It is therefore the in- 
‘cumbent duty of the young; of every professing 
Christian ; and of every rational inquirer, not 
only to study the facts, doctrines, and duties 
exhibited in the system of Divine revelation, but 
also to contemplate the manifestations of the 
Creator as exhibited in the system of creation. 
They are both revelations of the same almighty 
and beneficent Being—emanations from the 
same adorable Divinity; and the views and in- 
structions they respectively unfold, when studied 
with reverence and intelligence, are in perfect 
harmony with each other. The study of both 
combined, is calculated to make the man of God 
perfect, and “ thoroughly furnished unto all good 
works.”’ 3 

In the following small volume, it shall be our 
endeavor to direct the general reader in the study 
of some of those objects which the heavens unfold; 
and we shall chiefly select those parts of astronomi- 
cal science which are most level to the compre- 
hension of those who have had little opportunity 
of engaging in scientific pursuits. In the pre- 
sent volume, it is proposed to confine ourselves 
chiefly to a description of the Solar System, and 
the phenomena it exhibits, together with a few 
instructions as to the best mode of contemplating 
the apparent motions and the diversified aspects 
of the firmament. ‘The discoveries which relate 
to the sidereal heavens—the general arrange- 
ment of the fixed stars, their distances and 
magnitudes—the facts which have been dis- 
covered respecting new stars—variable stars— 
double and triple stars—the Milky Way—the 
different orders of the nebule—and a variety of 
other topics connected with such objects, will form 
materials for another volume similar to the present. 

In the meantime we may just remark, that all 
the wonders we behold, both in the heavens above, 
and in the earth below, demand our serious atten- 
tion and devout contemplation. They are all the 
workmanship of that great and adorable Being in 
whom “we live and move;”’ who at first “spake, 
and it was done;’? who gave the command, and 
the whole of this stately fabric of heaven and 
earth started into being. It is the same God who 
created the planets and the host of stars, and that 
conducts them in all their rapid motions; who is 
also “the God and Father of our Loria con 
Christ,’ and “the Author of eternal salvation”? 
to all who obey him. All these works display 
his infinite power, his unerring wisdom, and the 
riches of his beneficence; and demand from every 
beholder that tribute of praise, reverence, and 
adoration which is due to Him ‘who created alt 
things, and for whose pleasure they are and were 
created.” 


; 


a. 


* 


OC He Pa ers ming 


ON THE GENERAL ASPECT, AND THE APPARENT MOTIONS OF THE HEAVENS. 


Previous to entering on the study of astrono- 
mical science, and the phenomena of the solar 
system, it is requisite that the young inquirer 
should be directed to contemplate the general 
aspect of the heavens, and the apparent motions 
of the different bodies which present themselves 
to view in the regions of the firmament. No one 
can enter with intelligence on the study of astro- 
nomy, or acquire an accurate idea of its ele- 
mentary principles, and of the arrangement and 
motions of the planetary bodies, unless he has 
been led to observe, with his own eyes, the ap- 
parent and more obvious phenomena and aspects 
of the celestial orbs, as they present themselves 
to the view of any common and attentive specta- 
tor. For although the real motions of the hea- 
venly bodies are, in many instances, very different 
from their apparent movements, and although 
many of them appear to move while they are 
absolutely at rest, yet, it is necessary that their 
apparent motions and appearances should be accu- 
rately inspected, in order that, in the progress of 
investigation, we may be enabled to determine 
what bodies are really in motion, and what only 
appear to be in motion, in consequence of the 
motions of other bodies. ‘In order to direct the 
untutored observer on this point, the following 
observations are stated. 


SECTION I. 


ON THE APPARENT MOTIONS OF THE HEAVENS DURING 
ei THE DAY. 


In the first place, let us consider the appearance 
of the heavens as-seen in the day-time. Some- 
times it happens for days, and even for weeks 
together, that the sky is overcast with an assem- 
blage of sable clouds covering the whole face of 
the firmament. In which case no celestial orb 
makes its appearance; but the light transmitted 
through the clouds and reflected from their under 
surfaces, indicates that some luminous orb, the 
fountain of light, is above our horizon, and far 
beyond the upper region of the clouds, though its 
form and splendor cannot be perceived. At other 
times the concave of the sky appears of an azure 
color, where scarcely a speck of cloud is to be 
seen—like a boundless desert, where no celestial 
orb makes its appearance—as at the dawning of 
the morning, when the aurora makes its appear- 
ance in the east. This faint light gradually in- 
creases, rising higher and higher in its brightness, 
a prelude of something still more grand and reful- 
gent. The clouds near the horizon are tinged 
with purple and vermilion, and the mountain 
tops are clothed with brightness. At length, the 
disc of the sun disengages itself from the horizon 
by degrees, until the whole of his orb appears to 
view, and ascends the heavens with majestic gran- 
deur. The sun is the only object which, during 
the day, appears conspicuous to the naked eye; 





for although the moon is frequently visible in the 
day-time, yet she then appears with no greater 
brilliancy than a small cloud of the same size, 
and is scarcely noticed by a common observer. 
The apparent movements of the sun appear 
very different at different seasons of the year, and 
in different regions of the globe. In describing 
these apparent motions, we shall suppose our- 
selves, in the first instance, in the latitude of fifty- 
two degrees north, which is nearly the latitude of 
London and several other large towns in England. _ 
The sun’s apparent motions, in this latitude will 
be nearly the same as when he is viewed from 
Holland, Denmark, Scotland, Nova Scotia, Cana- 
da, and the northern states of America. Suppose 
we. begin our observations in winter, about the 
21st December, when the days in our northern 
hemisphere are shortest. In this case, turning 
our ‘eyes,to the south-east quarter of the sky, a 
little after eight o’clock in the morning, we shall 


|see the sun rising nearly on the south-eastern 


point of the compass, and gradually ascending 
the celestial vault. Inabout four hours, he comes 
to the meridian, or due south, the highest point of 
his elevation at that season; after which he grad- 
ually descends toward the west, and sets in the 
south-western part of the heavens, about four in 
the afternoon, having described a comparatively 
small are of a circle above the horizon. At this 


| time, when he arrives at the meridian, or the 


highest point- of his diurnal course, he is only 
about fourteen degrees above the horizon.* If, after 
this period, the point at which the sun rises be 
observed, it will be found a little to the northward 
every day, from the point at which he rose before. 
On the 2lst of March, the sun rises due east, 
about forty-five degrees to the north of the point 
at which he rose on the Qlst of December. The 
time of his rising is exactly six in the morning; 
six hours afterward, he passes the meridian, at an 
elevation of thirty-eight degrees; and sets due 
west, at six o’clock in theevening, At this time, 
the day and the night are of an equal length, 
namely, twelve hours each. ; 

If again we view the rising sun on the 21st of 
June, we shall. find that he rises near the north- 
east, forty-five degrees farther to the northward 
than on the 2lst of March. At this. period, the 
sun describes a large circuit around the heavens; 
rising fifteen minutes before four in the morning, 
and advancing to an elevation of more than sixty 
degrees at noon-day; after which he declines 
toward the west and sets near the north-west 





* The circumference of the heavens, as well as that of the 


earth, is divided by astronomers into three hundred and 


sixty parts called degrees; consequently, the distance from 
the horizon to the zenith, or the point directly above our 
heads, is ninety degrees, or the one-fourth of the circum- 
ference of a circle, When, therefore, the sun)is said to 
be elevated above the horizon fourteen degrees, it means, 
that he has risen to an altitude little more than the one- 
sixth part of the distance from the horizon to the zenith. 
The apparent breadth of the sun or moon is a very little 
more than half a degree. 
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quarter of the heavens, about a quarter past eight 
in the evening. The length of the day, at this 
time, is about sixteen and a half hours; and as 
his course during the night is not far below the 
horizon, there is no absolute darkness during the 
absence of the sun; and his course may be traced 
by observing the motion of the twilight, or the 
aurora, gradually proceeding to the northern point 
of the heavens, and from that point to the north- 
east, where the solar orb again emerges from the 
horizon. After this period, the sun begins, every 
succeeding day, to rise in points nearer the south, 
and to take less extensive circuits round the hea- 
vens, until the 23d of September, when he again 
rises on the eastern point of the horizon, and sets 
in the west, whichis the time of the autumnal 
equinox, when day and night ‘are equal. From 
this period the sun gradually verges to points of 
the horizon south of the east, at the time of his 
rising, and the days rapidly shorten, until he again 
arrives near the south-eastern quarter of the 
heavens, where he is seen to rise on the 21st of 
December. Such are some of the apparent mo- 
tions of the sun, in our quarter of the globe, 
throughout the different seasons of the year; and 
every one who resides in the country has an op- 
portunity, every clear day, of observing these 
diversified movements. 

Beside the motions to which we have now ad- 
verted, there is. another apparent motion of the 
sun, in a contrary direction, which is seldom no- 
ticed by a common observer. Every day the sun 
has an apparent motion from west to east, at the 
rate of nearly a degree each day; and in the 
course of a year, or 365 days, 5h. 48m., and 51s., 
he makes a complete circuit around the heavens. 
This motion manifests itself chiefly by the appear- 
ance of the heavens during the night. If, in the 
morning, some time before sunrise, we view those 
stars which are near the point of the horizon 
where the sun rises, in a week or two, we shall 
find that the same stars are more elevated near 
the time of sun-rising than before, and farther 
distant from him, indicating that he is moving 
through the heavens toward the east, and leaving 
these stars as it were behind him.’ If, again, in 
the evening, we mark those stars which are a 
little above the point of the setting sun, we shall 
find that every evening they make a nearer ap- 
proach to the place where the sun goes down; 
until, after a short period, they approach so near 
this luminary as to be overpowered with his rays, 
and can no longer he seen, still indicating that 
the sun is approaching toward the east. 

Perhaps the best way of tracing this is to mark 
the different positions of the Pleiades, or seven 
stars, with respect to the sun. About the middle 
of January, at eight o’clock in the evening, the 
seven stars are seen nearly on the meridian, which 
observation should be noted down for the purpose 
of being compared with future observations. On 
the Ist of March, at the same hour, these stars 
will be seen nearly halfway between the meridian 
and the western horizon, while all the other stars, 
at the same elevation, will be found to have made 
asimilar progress. About the 15th of April, they 
will be seen, at the same hour, very near the 
north-western horizon; and every. day after this, 
they will appear to make a nearer approach to that 
part of the heavens in which the sun appears, until, 
being overpowered by the splendor, of his rays, 
they cease to be visible. From these and similar 
observations, it will be easily perceived that the 
sun has an apparent motion through the circle of 
the heavens, and that the revolution is completed 
in the course of a year. The circle which the 
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sun thus describes is called the Ecuipric, and ig 
divided into twelve signs, and three hundred and 
sixty degrees. 

The apparent motions of the sun appear some- 
what different, when viewed from different regions 
of the earth. Were we placed in countries un- 
der the equator, such as at Borneo, Sumatra, the 
Gallipago isles, Quito, and other parts of South 
America, the sun at noon would shine directly 
from the zenith, at the time of the equinoxes, at 
which time objects would have no shadows. At 
all other times the sun will appear either in’ the 
northern or the southern quarter of the heavens. 
During the one half of the year, he shines from 


‘the north, and the shadows of objects fall to the 


south: during the other half, he shines from the 
south, and the shadows of objects are projected to 
the north; a cirenmstance which can never oc- 
cur in our country, or in any part of the tempe- 
rate zones. At the equator, too, there is a perpe- 
tual equality of days and nights throughout the 
year; the twilight is shortest, and the darkness 
of night rapidly succeeds the setting of the sun. 

» Were we placed in southern latitudes—for ex- 
ample, at the Cape of Good Hope, New South 
Wales, or Buenos Ayres, in South America—in- 
stead of beholding the sun moving along the 
southern part of the heavens, from the left hand 
to the right, as in our country, we should see him 
directing his course along the northern part of 
the sky, from the right hand to-theleft. In other 
respects, his apparent motions would nearly re- 
semble those already described, excepting that 
when the sun is highest at mid-day to us, he ap- 
pears lowest to the inhabitants of these countries; 
their winter happening at the time of our sum- 
mer. Were we placed in Lapland, Greenland, or 
other countries within the polar circle, the sun, in 
winter, would be absent for weeks and even for 
months together; and in summer he would shine 
without intermission for a corresponding portion 
of time; appearing every day to make a complete 
circle round the heavens, but never descending 
below the horizon during the lapse of six weeks 
or even three or four months. ‘Could we suppose 
ourselves placed at the north pole, the motion of 
the sun would present a different aspect from any 
of those now described. On the 21st of March, 
we should see a portion of the sun’s disc appear 
in the horizon after along night of six months. 
This portion of the sun would appear to move 
quite round the horizon every twenty-four hours; 
it would gradually rise higher and higher until the 
whole orb of the sun made its appearance. As 
the season advanced the sun would appear to rise 
higher and higher, until on the 21st of June, he at- 
tained the altitude of twenty-three and a half de- 
grees above the horizon; after which his altitude 
would gradually decline until the 23d of September, 
when he would again appear in the horizon. Du- 
ring the whole of this period of six months, there 
is perpetual day; the stars are never seen, and the 
sun appears to go quite round the heavens every 
twenty-four hours without setting, in circles near- 
ly parallel with the horizon. 

Such are some of the motions and aspects of 
the sun, as viewed at different seasons of the year, 
and from different parts of the earth. Let it be 
carefully remembered that these motions are not 
real, but only apparent. While presenting all 
these diversified aspects and movements to specta- 
tors placed in different positions, it can be proved 
that the sun is, notwithstanding, a quiescent body 
in the center of the planetary system. By the ro- 
tation of the earth round its axis from west to 
east every twenty-four hours, and by its revolution 
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round the sun every year, all the apparent mo- seen at midnight, or whether the same clusters 


tions we have hitherto. described are produced, 
and completely accounted for, as we shall after- 
ward show, when we come to illustrate the evi- 
dences which prove that the earth on which we 

_ dwell is a moving body. 

' When we view the sun pursuing his course 
through the heavens in a clear and serene sky, 
we are apt to imagine that there are no other. ce- 
Jestial bodies diffusing their rays above our hori- 
zon. ‘This, however, is far from being the case. 
In the full blaze of day, there are as many stars, 
at an average, around us in the firmament, as. are 
beheld in a clear sky at the hour of midnight; but 
their light is overpowered by the more brilliant 
splendor of the sun. By means of equatorial te= 
lescopes, which can be made to point to any par- 
ticular part of the heavens, all-the larger stars of 
the firmament may be seen even at noonday, while 
the sun is shining in all his splendor; nay, there 
is scarcely a star visible to the naked eye, during 
night, but may be seen in this way during the 
blaze of day, and its exact position in the heavens 
pointed out. During a total eclipse: of. the sun, 
when the moon interposes her dark body between 
us and the sun, some of the planets and the larger 
stars have appeared as distinctly as at midnight; 
but the moment the moon has passed a little over 
the disc of the sun, and a glimpse of his beams has 
shone out, their feeble light becomes undistin- 
guishable, and they are no longer perceived. 
Sometimes, too, it happens that stars have been 
seen from the bottom of deep wells and mines, 
when large ones happen to’ pass near the zenith 
during the day, and the planet Venus, when bright- 

* est, has frequently been seen with the naked eye, 

in the day-time when at no great distance from the 

sun. Thus it appears that the sun passes through 
the heavens every day with stars all around him, 
although invisible to the unassisted eye—just as 

/ the moon, during night, is seen surrounded with 

stars, which the faintness of her light is not suf- 

ficient to overpower.* Hence it happens that 
astronomers can trace the exact path of the sun 
among the stars every day, during: his apparent 
annual circuit round the heavens. . They can tell 
what stars are near and around the sun; what 
clusters he is leaving behind him, to what other 
clusters he is approaching; what stars or planets 
are near his margin, and what stars are behind 
his luminous globe, with as much accuracy as if 

they were all visible to the naked eye, as at mid- 

night. 


SECTION II. 
ON THE APPARENT MOTIONS OF THE HEAVENS DU- 
RING NIGHT. - 


Wuen a careless observer, on a clear evening, 
gazes upon the firmament, he beholds a number 
of shining points, some of them far more brilliant 
than others, dispersed throughout every region of 
the sky; but he cannot tell whether they appear 
to move or to remain in a fixed position; whether 
they shift their positions with respect to each 
other; whether they rise and set; whether all the 
stars visible at six o’clock in the evening are also 





*The author has frequently seen, by the equatorial tele- 
scope, in the day-time, not only numerous stars of the first, 
second, and third magnitudes, in regions of the firmament 
at a distance from the sun, but has perceived the planet Ve- 
nus, when immersed in the sun’s effulgence, and when it 
was within a degiee of the marginof that luminary. 





are to be seen. in summer as in winter There 
are thousands and millions of mankind who have 
occasionally gazed on the starry vault who could 
give no reply to such interrogations. Such is the 
apathy with which the most wonderful works of 
God are viewed by the great bulk of mankind; 
although only a few days or hours of serious ob- 
servation would be sufficient to solve some: of the 
questions to which we allude. 

In order to illustrate the apparent motions of the 
heavens, let us suppose ourselves placed ina sitta- 
tion which commands an extensive view of the 
sky, about the beginning of January, ateighto’clock 
in the evening. At this.period, on a serene even- 
ing, when the sky is destitute of clouds, a sublime 
and beautiful spectacle presents itself. to view, as 
some of the most brilliant constellations.are then 
above the horizon.; We behold a vast hemisphere 
expanding over our heads, whose center we seem 
to occupy, and which appears to rest upon our 
horizon. Above and around us, on every hand, 
a multitude of brilliant orbs, of various degrees 
of splendor, display their radiance. But whether 
they are in‘motion or at:rest, does not appear at 
the first glance. We must make different obser- 
vations, and wait for some time until their motion, 
or rest, be discovered. To ascertain this point, let 
us fix on a particular star, or a cluster of stars, 
and bring: it in contact with a church -spire, a 
chimney top, the twig of a tree; or any elevated 
object, and our line of vision, and in a short time 
we shall find it has moved onward to. the west, 
while we have remained stationary in our posi- 
tion. Or; if we direct a common telescope to any 
star, and fix the instrument in one position, in a 
few minutes the star will have passed from .the 
field of view to the westward. If we look at a 
star near the horizon in the west, in a few mi- 
nutes it will sink beyond the limits of our’ view, 
and disappear. If we mark any particular star 
just risen above the eastern horizon, in an hour 
or two it will be seen considerably elevated above 
its former position, and every minute rising higher 
and higher. If we look at any bright star rising 
due east about six o’clock in the evening, at 
twelve, midnight, it will be on the. meridian, or 
due south, at an elevation of thirty-eight degrees, 
and at six o’clock next morning, it will be seen 
setting at the western point of the horizon. In 
like manner, any other star rising toward the east, 
north-east, or south-east, if carefully observed, 
will be found to rise gradually until it come. to 
the meridian, and then decline in a western di- 
rection, until it set either in the west, north-west, 
or south-west. If it rise inthe north-east, it will 
set in the north-west, and if,it rise in the south- 
east it will set in the south-west; in the former 
case describing a larger, and in the latter, a lesser 
portion of a circle, in the sphere of the heavens. 

The following are some varieties which may be 
observed in the apparent motions of the stars. If 
you look toward the south, you will observe some 
stars just appearing above the horizon, grazing 
this circle, as it were; but not rising above it, and 
then vanishing. If you observe a group a little 
to the east of the south, you will find them rising 
above the horizon, making a small arch, and then 
going down a little to the west, of the meridian. 
If you mark another group rising much farther to 
the east, you will find these describing a much 
larger arch, and taking a much longer time before 
they go down to the westward of the meridian. 
If you now turn your face to the northern part 
of the sky, you will find some stars that just skim 
the horizon, at certain times, near the north point, 
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and then gradually mount up to the top of hea- 
ven, until they come nearly over head} and then 
descend, and again nearly touch the northern 
horizon; and ascend again without ever disappear- 
ing, describing a complete circle above the hori- 
zon. 
and several others. Other stars that are higher 
than these, when seen near the northern horizon, 
likewise describe complete circles in the sky, 
without approaching the horizon; and these elr- 
cles gradually diminish, until at last you arrive at 
a Star which seems scarcely to move from the 
point where it is stationed—all the rest seeming 
to circulate around it as acenter. This is called 
the Pole Star, which, to a common observer, 
never seems to vary its position; and, in the lati- 
tude’ we have supposed, is ‘elevated more than 
fifty degrees above the northern horizon. The 
time occupied by the «stars ‘now‘alluded to, in 
completing their ciréles,-is about twenty-four 
hours, or, more accurately, is twenty-three hours, 
fifty-six minutes, and four seconds, and they all 
finish their revolutions in exactly the same period 
of. time. 

For the illustration of what has’ been now 
stated, let us suppose ourselves, to be viewing the 
northern quarter of the heavens, about the begin- 
ning of November, at eight o’clock in the even- 
ing. At this time, the Great Bear, or Ursa Major, 
will appear near the lowest part of its course, not 
far from the northern part of. the horizon. ‘I re- 
fer to this constellation, because it is generally 
known, even to common observers, and is some- 
times distinguished by the names of “ the Plough,”’ 
and of “Charles’s Wain.” That part of the con- 
stellation which is generally recognized, consists 
of seven bright stars, of which the four toward 
the right form a kind of irregular square, and the 
three stars stretching out from it to the left form 
a kind of irregular curve. In the following fig- 


ure (fig. 1), this constellation is represented in 
four positions. 





Immediately above the letter S, in the lower 
part of the figure, are two stars, forming the right 
side of the square, the uppermost of which is 
called Dubbe, and the lower one Merak. They 
are about five degrees distant from each other, 
and are most frequently known by the name of 
the Pointers,’? because they always point toward 
the pole-star. The pole-star is represented in the 
central part of the figure; it is about twenty-nine 
degrees—or nearly six times the distance of the 


Such are the bright stars Vega, Capella, 
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two pointers—from Dubbe, and in whatever posi- 
tion this constellation may happen to be, these 
two stars always point to the pole-star, which is 
the first bright star in a line with the pointers, at 
the proportional distance exhibited in the engra- 
ving; and by attending to this circumstance, the 
pole-star may at all times be distinguished. Such 
is the position of this constellation at eight o’clock 
in the evening of the 1st of November. If now 
we view this constellation, about eleven o’clock 
the same evening, or a few evenings afterward, 
we shall find that it has moved considerably to- 
ward the east, and to a higher elevation; and at 
two o’clock the next morning, it will be seen in 
the position represented at E, with the pointers 
still directed to the pole-star. At eight o’clock 
in the morning, it will be seen at N, when it 
will appear in the zenith, with the pointers point- 
ing downward toward the pole. At two o’clock 
in the afternoon, if it could then be seen, it will 
appear as represented at W, to the west of the 
pole, and the pointers pointing eastward to the 
polar star; and again, about eight in the evening 
it will,return nearly to its former position at S. 

Again, this constellation appears in different 
positions, at the same hour, at different seasons of 
the year. We have seen that, in the beginning 
of November, at eight o’clock in the evening, it 
appears as represented at S; in the beginning of 
February, at the same hour, it will appear as re- 
presented at EH; in the beginning of May, as ex- 
hibited at N; and in the beginning of August, at 
the same hour, as represented at W. 

In order that none of my readers may fall into 
any mistakes, from what has been now stated, I 
may be permitted to mention the following anec- 
dote:—A, few years ago, I pointed out in the 
heavens, to a lady of my acquaintance, the con- 
stellation of the Great Bear, and showed her how 
she might mark its positions at different times, and 
its apparent revolution round the pole-star. About 
a year afterward, she told me she had carefully 
made the observations to which I had directed 
her, and found them to correspond to what I had 
stated. She appeared, however, to have paid no 
attention to any other stars, but those of the 
Great Bear; and on putting several questions to 
her on the subject, I found that she conceived of 
the motion of the Great Bear as if it had been 
a huge monster pursuing its way through the 
midst of the surrounding stars, as if they had all 
been at rest, without apparently shifting their 
position—somewhat like a huge animal pursuing 
its way through a crowd, whilst every individual 
of the crowd remained nearly in the same position. 
Now, that my readers may not fall into the same 
mistake, let it be carefully remembered that all 
the stars in the neighborhood of the pole have the 
same apparent motions and revolutions as the 
Great Bear, all moving in concert, but some of 
them describing larger, and others smaller circles, 
around the polar point, and all completing their 
revolution in the same time, namely, in twenty- 
four hours. 

Having represented the pole-star in the center 
of the engraving, to prevent mistakes, it may be 
proper to mention, that this star, although, to a 
common observer, it appears in a fixed position, 
is not exactly in the polar point: it is at present 
one degree and thirty-two minutes from the north 
pole of the heavens, and revolves around it every 
day in a circle of about three degrees in diameter. 
This motion may be perceived by placing a tele- 
scope in a fixed position, and directing it to this 
star, when we gre find that, after an hour ot 
two, it will have moved out of the field of view 
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There is no star exactly at the polar point, and 
this is called the polar star, because it is the near- 
est bright star to the north pole of the heavens. 
It forms the tip of the tail, or the extremity, of 
Ursa Minor, or the Lesser Bear, which likewise 
consists of seven stars, arranged very nearly in the 
shape of the Greater Bear, but in a reverse order. 
This constellation, which is much nearer the pole 
than Ursa Major, may be seen revolving around it, 
in the same manner as we have described above, 
but the stars of which it is composed are much 
smaller, and not so easily distinguished as those 
of Ursa Major. When the Great Bear is at its low- 
est position, as at S (fig. 1), the square of the 
. Lesser Bear is considerably to the westward, and 
the four stars, of which it is composed, are di- 
rectly above the tail of the Great Bear, at the 
distance of about twenty degrees, as at A. 

Let us now suppose ourselves contemplating 
the southern, eastern, and western parts of the 
heavens, about the beginning of January, at nine 
o’clock in the evening. At this time we shall see 
the seven stars, a very little to the west of the 
meridian; and ‘at a very high elevation. - Next to 
this cluster, on the east, but a little lower, is Al- 
debaran, or the Bull’s Eye, a ruddy star of the 
first magnitude, in the constellation of Taurus. 
South by east of Aldebaran, and ‘considerably 
below it, is the splendid constellation of Orion, 
distinguished by four bright stars forming an ir- 
regular square, or parallelogram, in the middle 
of which are three bright stars in a straight line, 
at equal distances from each other. This is one 
of the most splendid constellations in the heavens, 
and is distinguished by almost every common ob- 
server by the three stars now mentioned, which 
form the belt of Orion, or what Job calls “the 
bands of Orion,’’ and are sometimes known by 
the names of “the three Kings,” “sthe Yard,” 
and “the Lady’s Elwand.’? South-east from 
Orion, at a low elevation, is the star Sirius, be- 
longing to Canis Major, or the Great Dog, which 
is considered the most brilliant fixed star in the 
heavens. North-east from Sirius, at a higher 
elevation, is Procyon, a bright star in Canis Minor 
or the Little Dog. North from Procyon, at a 
much higher altitude, are the bright stars Castor 
and Pollux, belonging to the constellation Gem- 
ini. If, then, three hours after having made these 
observations, or about midnight, we view the face 
of the heavens, we shall find a considerable alter- 
ation in the positions of the stars and constella- 
tions to which we have referred. ‘The seven 
stars will then be found tc have moved halfway 
between the meridian and the western horizon, 
followed by Aldebaran, which is then a consider-. 
able distance past the meridian to the westward. 
The constellation Orion is likewise westward of 
the meridian, and the bright star Sirius, which 
was formerly in the south-east, is now nearly due 
south. Procyon, and Castor and Pollux, which, 
at nine o’clock, were a great way toward the east, 
are, at midnight, not far from the meridian, and 
at a much higher elevation. All which circum- 
stances show that the various. clusters of stars, in 
the eastern, southern, and western portions of 
the heavens, have a regular and uniform apparent 
motion from east to west. 

Such are some of the general appearances of 
the heavens, as viewed in our northern latitude; 
but, in several other quarters of the globe, their 
aspects will appear somewhat different. Were 
we placed under the equator, in the island of Su- 
matra, or about Quito, in South America, we 
should behold all the stars in the firmament pro- 
ceeding in their courses from call to west. All 
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the stars would appear to rise and set, and none 
of them would describe circles above the horizon, . 
as some of them appear to do in our northern re- 
gion. The north pole, which in our latitude, is 
at a high elevation, would appear in the northern 
point of the horizon, and the south pole would, at 
the same time, be visible.in the opposite quarter 
of the heavens. In our latitude, we cannot per- 
ceive above two-thirds of the stars which may be 
seen in the firmament; but, at the equator, all 
the visible stars of heaven may be perceived 
During the space of twenty-four hours they all 
pass along above the horizon. The one-half of 
them, indeed, cannot be seen on account of the 
light of day, but, in the course of a year, they are. 
all visible. Were we placed in Van Dieman’s 
Land, or.at the Cape of Good Hope, we should 
behold multitudes of stars which are never visible 
in our latitude, and the constellations of the 


‘Great and Little Bears, Cassiopeia, and other 


clusters, would be no longer visible. Could .we 
take our station at the north pole of the earth, 
the stars would appear neither to rise or set, nor 
yet to stand still. All the stars visible from this 
point would appear to move round the heavens 
above the horizon, in parallel circles, every twen- 
ty-four hours; and all that could ever be seen in 
such a situation might be perceived every hour 
and minute, in a clear sky, when the sun is ab- 
sent. But, from this point, only one-half of the 
firmament is visible, and none of the stars belong- 
ing to the other half ever rise above the horizon. 


SECTION III. 


CONCLUSIONS DEDUCED FROM THE PRECEDING FACTS 
AND OBSERVATIONS. 


Aw intelligent spectator, after having observed 
the various aspects of the heavens above deseribed, 
will naturally inquire--Whence come those stars 
which are seen gradually emerging from the east- 
ern horizon? Whither have those stars gone 
which have sunk beneath the western horizon? 
And what becomes of those stars during the light 
of day, which shine with so much splendor during 
the shades of night? A little reflection on the 
subject will soon suggest, that the stars which are 
seen rising above the eastern horizon, come from 
another hemisphere of the heavens, which is in- 
visible from the point on which we stand, and 
which we are apt to imagine is below the hemi- 
sphere which we behold above us; and when they 
set in the west, return to that hemisphere again; 
and that the reason why the stars are not visible 
during the day, is because their light is over- 
powered by the more vivid splendor of the sun. 
We are also naturally Jed to conclude, from such 
appearances, that the world in which we dwell is 
suspended in empty space, and is surrounded on 
all sides, above and below, by the expanse of the 
firmament, in which the sun, moon, planets, and 
stars appear to perform their diversified motions 
and revolutions, Another conclusionwhich may 
be deduced from the preceding observations, is, 
that the whole sphere of the heavens performs an 
apparent revolution round our world; carrying, as it 
were, all the stars along with it in the space of twen- 
ty-four hours. Whether this motion be real, or 
only apparent, requires to be determined by certain 
rational considerations,and from the harmony and 
order which appear to be characteristic of the works 
of the Creator; to which subject,we shall particu- 
larly direct our attention in the following chapter 

In the meantime, we may remark, that such 
general views of the motions of the starry firma- 
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ment as we have already taken, have a tendency 

. to expand the intellectual faculties, and to elevate 
the mind to the contemplation of some Great In- 
visible Power, by which such mighty movements 
are conducted. When we behold the vast concave 
‘of the sky, with all its radiant orbs, moving in 
majestic grandeur around our globe, an idea of 
sublimity and almighty energy irresistibly forces 
itself upon the mind, which throws completely 
into the shade the mightiest efforts of huntan 
power,—so that the most stupendous machines 
ever constructed by human art can afford no as- 
sistance in forming a conception of that incom- 
prehensible Power, which sustains and carries 
forward in their course thousands of spacious 
worlds. The shining orbs which the firmament 
displays are evidently placed at an immense dis- 
tance from the earth, and consequently are bodies 
of an immense size; and if the apparent motions 
to which we have adverted were real, the swift- 
ness with which they would fly through the fe- 
gions of space would exceed all human calculation 
and conception. But whether these motions be 
real or apparent, we find motions actually existing 
among the orbs of heaven which astonish and 
overpower every rational and contemplative mind. 
The very circumstance, that motions so sublime 
appear in the expanse of the firmament, is a de- 
monstrative proof that motions of a wonderful 
and incomprehensible nature exist somewhere; 
and the ideas of majesty, of grandeur, and of om- 
nipotent energy, which this single circumstance 
is calculated to inspire, are such as irresistibly to 
lead the mind to the contemplation of a Being 
whose perfections are incomprehensible, and 
whose “ ways are past finding out.’ 
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It does not require a scientific knowledge of 
astronomy in order that the mind may be im- 
pressed with sentiments of ‘admiration at the 
movements which appear throughout the uni- 
verse. For the works of God, when contem- 
plated in. any point, of view, or on any theory, or 
hypothesis we may form, appear, like himself, 
wonderful, magnificent, and incomprehensible. 
The motions to which we have chiefly alluded, 
are either ‘in the earth or in the heavens. If these 
motions really exist in the heavens, the mind is 
overpowered with astonishment at the idea of 
thousands and tens of thousands of vast globes of 
light, at immense distances, every day revolving 
around us with amazing velocity. If the motion . 
chiefly exist in the earth, then we are still over- 
whelmed with wonder-at the idea of a globe con- 
taining two hundred millions ef square miles, 
with its mighty continents and oceans, and its 
numerous population, whirling around its axis 
every day, at the rate of a thousand miles an hour, 
and in its course round the sun, flying with a ve- 
locity of eleven hundred and thirty miles every 
minute! There is no alternative but that of ad- 
mitting either the one or the other of these mo- 
tions; and whatever view we take of this subject, 
or in whatever light we contemplate the pheno- 
mena of the heavens, we are almost irresistibly 
led to exclaim, ‘‘Great and marvelous are thy 
works, Lord God Almighty !”? “Who can utter 
the mighty operations of Jehovah !’? “The Lord 
God omnipotent reigneth ?’ The idea of a Being 
who thus incessantly displays. such amazing ener- 
gies demands from all his intelligent offspring a 
tribute of reverence and adoration, of gratitude 


and praise. 
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CHAPTER II. 


ON THE FIGURE AND MOTION OF THE EARTH. 


SECTION I. 


ON THE FIGURE OF THE EARTH, AND THE ARGU- 
MENTS WHICH PROVE THAT IT IS NEARLY IN THE 
SHAPE OF A GLOBE. } 


In the preceding chapter, we have given a de- 
scription of the principal motions which appear 
in the heavens, both by day and by night. Every 
one, however illiterate, who has a desire to study 
“the wonderful works of God,’’ has an opportu- 
nity, if he please, to observe most of the motions 
and phenomena to which we have adverted, pro- 
vided he live in the country, or in a spacious 
street or square. Those who live in the narrow 
and dirty lanes and courts of London, Liverpool, 
Manchester, and other populous cities and towns, 
have no scope for making such observations, un- 
less they occasionally retire to the open fields; 
and hence it is that the inhabitants of such places 
seldom know anything of the general aspects either 
of the earth or of the heavens. It is, however, the 
incumbent duty of every man, and particularly of 
every Christian, to contemplate, with an eye of in- 
telligence and devotion, the operations of the Most 
High, in order that he may be enabled to “ praise 
Him for his mighty acts,” and “according to his ex- 
cellent greatness.”” And the man who will not give 
himself the trouble of oceasionally devoting an hour 
or two to such studies and observations, virtually 


declares that the works of his Creator are unwor- 
thy of his contemplation; and consequently, that 
he deserves to remain in ignorance of the most 
sublime objects of creation, and of the most glori- 
ous manifestations of the Divinity. 

Before proceeding to a particular description 
of the planetary system, it is requisite that we 
should acquire clear and definite views of the 
figure and motions of this earth, on which we 
reside; without which the general frame of the 
universe, and the order and arrangement of the 
solar system, cannot be appreciated or under- 
stood. 

For a long period, during the dark ages, and 
the infancy of science, the world in which we 
dwell was considered as the largest body in the 
universe. It was supposed to be an immense 
plain, diversified with a few inequalities, caused 
by the mountains and yales; and that it stretched 
out in every direction to an unlimited extent, and 
was bounded on all sides by the sky. What was 
below this immense mass of land and water, and 
how it was supported, none could tell; though 
some of the Christian fathers strenuously asserted 
that the earth was extended infinitely downward, 
and established. upon several foundations. Such 
were the absurd and foolish opinions of those who 
viewed the system of nature through’a false me- 
dium, and who were ignorant of the facts and 
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principles of modern science. It is only within 
the period of the last three hundred years’ that 
the true figure and dimensions of the earth have 
been accurately ascertained. This figure is now 
found to be that of an oblate spheroid, very 
nearly approaching to the shape of a globe, or 
sphere. That this isin reality the form of our 
world will appear from the following considera- 
tions.. 

1. When, on a calm day, we take our station 
on the sea-shore, we shall perceive that the sur- 
face of the water is not quite plane, but a little 
convex, or. rounded; and if we happen to be on 
one side of an arm of the sea, two or three miles 
broad, if we place our eyes near the water, and 
look toward the opposite coast, we shall plainly 
see the water elevated between our eyes and the 
apposite coast, so as to prevent our seeing the ob- 
jects which are near the edge of the water. If 
we make the same experiment on a lake of two 
or three miles in extent, a small boat near the 
end of the lake may be seen by a man who is at 
some hight above the water; but if we lay our 
eye near the surface, the view of the boat will be 
inter¢epted by the convexity of the water, which 
shows that the lake isa small segment of a globe. 

2. When we view aship taking its departure 
from the coast in any direction, as it retires 
from our view we may perceive the masts and 
rigging of the vessel when the hull has disap- 
peared, and has sunk, as it were, beyond the 
boundary of oursight. First we lose sight of the 
hull, then.of the sails, and, last of all, of the top- 
mast. On the other hand, when a ship is ap- 
proaching the shore, the first part of it which is 
visible, when at a considerable distance, is the 
topmast; as it approaches nearer, the sails begin 
to be seen; and last of all the hull gradually 
comes within the limits of our sight—but the 
vessel will pass over several miles of the sea, from 
the time of our first perceiving the topmast until 
the hull appears. In order to make such obser- 
vations with accuracy, it is requisite that a tele. 
scope should be used. What is it, then, that pre- 
vents the hull of a ship from being perceived 
when its topmasts are visible? It is evidently the 
round, or convex surface of the water rising up, 
as it were, or interposing between our eye and 
the lower part of the ship, when it has receded a 
certain distance. Now, as such appearances are 
observed on every sea and ocean on the face of 
the earth, it follows that the ocean at large isa con-. 
vex surface, or 2 portion of a globe; and if the ocean 
be globular, so also is the land—notwithstanding 
that the hills and mountains form a few inequalities 
on its surface—for the portions of the land are all 








Fig. 


ship D, to the eye, whether it were placed high or | 
low, at A or at B.. In this case, any object upon 
the earth or sea would be visible at any distance 
which was not so great as to make the appearance 
of it too faint or small to be perceived. An 
object would be visible at the same distance 
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nearly on a level with the ocean, with the excep- 
tion of the ranges of elevated mountains. 

What has been now stated may’ be illustrated 
by the following figure (fig. 2), in which the 
convex surface of the globe is represented. At D 
a person is represented as standing on the top of 
a tower; and from that elevation he is enabled to 
see both the topmast and the hull of the ship E; 
which is evident, because right lines can be drawn 
without interruption from the eye, both to the 
topmast and to the. hull. Whereas a line drawn 
from the eye to the hull of the ship F, which is 
at a greater distance, is intercepted by the convex 
surface of the water interposing, and consequently 
the hull is invisible; but a line drawn from the 
eye to the higher parts of the vessel shows that 
the topmasts are visible, because light, when 
passing through the, same medium, flows in 
straight lines from every object. In conformity 
with what has been now stated, we find that the 
higher the eye is placed, the farther will the 
view be extended. From a lofty. mountain we 
obtain a much more distant and extensive pros- 
pect than from the plain below; and hence’ it is 
common for sailors to ascend to the top of the 
ship’s mast, when they wish to descry objects at 
the greatest distance; as from such an elevation 
they can discover land, or other ships, at a 
greater distance than when. they, stand on deck. 


Fig. 2. 





On the other hand, were the surface of the sea 
a level plain, us represented in fig. 3, the ap- 
pearances would be very different. A line might 
be drawn from any object situate upon it, as the 


3. 
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whether the eye were high or low. The largest, 
and not the highest, objects would be visible at 
the greatest distance. The topmast of a ship 
would first disappear, and the hull, as being the 
largest body, would be longest visible ; but this 
is contrary to all experience. The considera- 
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tions now adduced are, therefore, clear and de- 
cisive proofs that the earth is not an extended 
plain, but a globular body; and it is astonish- 
ing that such a conclusion was not generally 
drawn until a few centuries before the present age. 
3. That the earth is round from east to west, 
appears from actual experiment; for many navi- 
gators, by sailing in a westerly direction, have 
gone quite round it from east to west. They have 
set sail from England, crossed the Atlantic, 
rounded Cape Horn, sailed along the Great Pacific 
ocean to the northern coasts of New Holland, 
crossed the Indian sea, and passing the Cape of 
_ Good Hope, have again arrived, by traversing the 
Atlantic, to the port whence they set out. ‘This 
experiment therefore shows that the earth is 
round from east to west; but it does not prove 
that it is also round from north to south; for it 
has never been actually cireumnavigated in that 
direction, on account of the obstruction caused 
to navigation by the immense masses of ice with- 
in the polar regions. Had we therefore no other 


proof of the earth’s rotundity than this, we might | 


be apt to suppose it somewhat resembling the 
shape of a.cylinder. But that the earth is in 
reality round from north to south, appears from 
the following circumstances. When we travel a 
considerable distance from north to south, or from 
south to nerth, a number of new stars succes- 
sively appear in the heavens in the quarter to 
which we are advancing, and many of those in 
the opposite quarter gradually disappear. For 


example, in sailing toward the south, when we 
approach the equator the brilliant constellation 
called the Cross makes its appearance, which is 


Fig. 4. 
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always invisible in this country; and if we go 
still farther south, the constellations of the Great 
Bear, Cassiopeia, and other stars visible in our 
northern sky, will entirely disappear; which 
could not happen if the earth were a plane in that 
direction; for, in this case, all the stars of heaven 
would be visible in every point from the north 
pole to the south. ; 

4. Another corroborative. proof of the earth’s 
globular figure is this: in cutting for a canal, in 
order to have the water on a level, certain allow- 
ances require to be made for the earth’s rotun- 
dity. The slope requisite to be made on this 
account is about eight inches in the mile, thirty- 
two inches in two miles, and so on, increasing as 
the square of the distance: If the earth were a 
plane, no allowances of this kind would be requi- 
site, in order that the water in a long canal might 
stand on a level. ; 

5. The phenomena exhibited in eclipses of the 
moon present to the eye a clear demonstration 


| that the earth is of a spherical form, It is well 


known that an eclipse of the moon is produced 
by the intervention of the body of the earth be- 
tween the sun and the moon, which can only 
happen at the time of full moon, in which case, 
the shadow of the earth falls upon the moon. 
This shadow is found in all cases, and in every 
position of the earth and moon, to be of a circu- 
lar figure, or the segment of a circle, as the whole 
shadow cannot be seen at one time. Thus, let 
A B [fig. 4] represent the moon while an eclipse 
is going on, and C D ‘the shadow of the earth, 
which is much larger than the diameter of the 
moon. In every stage of the progress of an 























































































































































































































eclipss, the curve A B of the earth’s shadow is 
distinctly perceived passing along the disc of the 
moon. But the entire shadow of the earth is not 
seen, because there is no bright object on which 
the whole of it can fall; only that part of it 
which covers the moon being visible. But since 
this shadow always appears a portion of a circle, 
it proves, incontestably, that the whole mass of 
land and water, of which the earth is composed, 
is nearly of a globular form. 

If, therefore we admit that the earth is of a glo- 
bular form, it necessarily follows that it may be 
inhabited on all sides, and consequently, that those 
who live on the opposite side of the globe must 
have their feet pointing toward our feet, and their 
heads pointing in an opposite direction. Thus, 
in fig. 2, the person standing at A has his feet 
pointing to the feet of the one standing at B, and their 
heads pointing to regions of space directly opposite; 
and therefore if by any motive power, they were to 





be carried forward in the direction to which their 
heads point, and the power to be continued, they 
would never meet through alleternity. The same 
may be said in reference to the persons supposed 
to be placed at C and, D. It also follows, that, 
could we suppose a hole bored thréugh the center 
of the earth, commencing at the point where we 
now stand, and extending to the opposite side, it 
would terminate at our antipodes, and would mea- 
sure nearly eight. thousand miles. It likewise fol- 
lows that this globe of land and water is either 
suspended in empty space, oris moving round its 
axis every day, or flying with immense velocity 
round the sun every year. Whichever of these 
suppositions we hold to be true, a wonderfu! and 
sublime idea is conveyed to the mind. If we sup- 
pose the earth at rest in empty space, we have 
presented to view. a globe—containing 264 millions 
of cubical miles, and weighing at least, 2,200,000,- 
000,000,000,000,000, or more than two thensand 
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trillions of tons—resting upon nothing—suspended 
in the midst of infinite space, and surrounded by 
the immense bodies of the universe, with no ma- 
terial support but the invisible arm of Omnipo- 
tence, poising its immense mass of continents and 
oceans, and preventing it from sinking into the 
depths of infinity. If we suppose it to be turning 
round its axis,and revolving at the same time, 
round the sun, then we have presented to view a 
still more astonishing idea—a globe, of the huge 
dimensions now stated, with its numerous popula- 
tion, flying through the spaces of ‘immensity, 
without intermitting its speed a single moment, at 
the rate of sixty-eight thousand miles every hour. 
So that there is no view we can take of the works 
of the Almighty, in which we are not irresistibly 
excited to Wonder and admire: 

We may here also remark, that the globular 
figure of the earth is evidently the best adapted to 
a habitable world. It is the most capacious of all 
forms, and contains the greatest quantity of area 
in the least possible space. It is the best adapted 
to motion, both annual and diurnal, every part of 
the surface being nearly at the same distance from 
the center of gravity and motion. Without this 
figure, there could have been no comfortable and 
regular alternation of day and night in our world, 
as we now enjoy; and the light of the sun and 
the mass of waters could not have been equally 
distributed. Had the earth been of the figure of 
a cube, or pentagon, or of any other angular form, 
some parts would have been comparatively near 
the center of gravity, and others hundreds or thou- 
sands of miles farther from it. Certain countries 
would have been exposed to furious tempests, 
which would have overturned and destroyed every 
object; while others would have been stifled for 
want of currentsand agitation of the air. One 
part would have been overwhelmed with water, 
and another entirely destitute of the liquid ele- 
ment; one part might have enjoyed the benign 
infiuence of the sun, while another might have 
been within the shadow of elevations a hundred 
miles high, and in regions of insufferable cold. In 
short, while one country might have resembled a 
paradise, others would have been transformed into 
a chaos, where nothing was to be seen but barren- 
ness and desolation. But the globular figure 
which the Creator has given to our world prevents 
all such inconveniences and evils, and secures te 
us all the advantages we enjoy from the equable 
distribution of light and gravity—of the waters 
of our seas and rivers, and of the winds and mo- 
tions of the atmosphere. Hence it is that all the 
bodies of the planetary system are either spheri- 
cal, or spheroidal bodies; nay, all the great bodies 
in the universe, so far as our knowledge extends, 
are found to be of a globular figure; and in this 
arrangement the wisdom and intelligence of the 
Almighty Creator are clearly to be perceived. _ 

In short, the discovery of the globular figure of 
the earth constitutes an important fact in the his- 
tory of Divine Providence, without which some 
of the grand designs of the Creator, in reference 
to our world, would not have been accomplished. 
It was in consequence of a knowledge of this fact 
that the continent of America was discovered, and 
the blessings of civilization, science, and Chris- 
tianity conveyed to that region of the earth. Ona 
knowledge of the true figure of the earth the art of 
navigation depends: and in consequence of this, 
the greater part of the world has been explored, 
and the way prepared for carrying the tidings of 
salvation to men of all nations, through faith in 
the crucified Redeemer. On the knowledge of 
the true figure of the earth depends our know- 
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ledge of its magnitude and dimensions; and on 
our knowledge of its magnitude, depends our 
knowledge of the distances of the sun and moon; 
and on our knowledge of the distance of the sun 
depends our knowledge of the respective distances 
of the planets, and the extent of the solar system; 
and on our knowledge of the extent of this sys- 
tem, depend our conceptions of the distances of 
the fixed stars, and of the vast magnitude and ex- 
tent of the muterial creation; and on our views 
of the immensity of the universe, depend the en- 
larged conceptions we are now enabled to form of 
the attributes of that Almighty Being from whom 
we derived our existence, and whose “kingdom 
ruleth over all.’? Had the first link of this chain 
—our knowledge of the figure of the earth—been 
wanting, we should have remained in ignorance 
of all the important consequences, now stated, 
which have resulted from this discovery—so inti- 
mately connected are all the branches of useful 
knowledge, both human and Divine. 

Had mankind always remainedignorant of this 
important fact, the circumnavigation of the globe 
would never have been attempted; vast portions 
of the habitable world would have remained un- 
known and unexplored; the intercourses which 
now subsist among the various tribes and nations 
of mankind could not have been carried on; the 
tribes of the greater portion of the heathen world, 
and the countries in which they reside, would 
have been unknown; no extensive missionary en- 
terprises could have been carried forward; the 
knowledge of ‘the salvation of God” could not 
have been communicated to all the nations that 
dwell upon the face of the earth, according to the 
predictions of ancient prophesy; and our ideas of 
the majesty and grandeur of the great Creator and 
Redeemer of men would have remained as low 
and contracted as in the dark ages, when it was 
considered, even by ecclesiastics, as a heresy and 
a crime to maintain that the earth is round like a 
globe, or ball, and that it may be inhabited on all 
sides. But now, in consequence of the knowledge 
we have acquired on this subject, the way is pre- 
pared for the accomplishment of the Divine pur- 
poses and predictions in relation to our race; our 
knowledge of creation and the perfections of its 
Author, is extended; the path to future improve- 
ment and discovery is laid open, and everything 
now appears, notwithstanding many obstacles, to 
be hastening onward to a glorious consummation. 


‘SECTION II 


ON THE MOTIONS OF THE EARTH. 


Inis presumed that,.in the times in which we 
live, there are few persons who have any doubts 
that the world in which we dwell is nearly of the 
figure of a globe, especially when this position 
can be proved by so many sensible demonstrations, 
But there are still many who can scarcely be 
convinced that it is moving along with immense 
velocity through the regions of space, in company 
with the other planets. On this subject, therefore, 
we shall now offer a few considerations, tending 
to prove that the world we inhabit—however 
steadfast it may appear to the eye of sense—is, in 
reality, a moving body, and that all its inhabitants 
are carried forward with a velocity far greater than 
any motions we see around us. There are two 
different motions considered as connected with the 
earth:—one, by which it is viewed as turning 
round its axis every twenty-four hours: and an- 
other, by which it wings its flight round the sun: 
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once every year. Inthe meantime, I shall chiefly 
illustrate those arguments by,which ‘its diurnal 
motion may be demonstrated. 

1. In the first place, there is one thing of which 
we are all certain, that motion does actually exist, 
either in the earth, or in the heavens. We every 
day behold the sun apparently moving from the 
eastern toward the western horizon. We find, 
likewise, all the stars in the firmament apparently 
moving in a body round the earth,in the cottrse 
of twenty-four hours, and in the manner described 
in the preceding pages. Such observations, which 
every one has it in his power to make, clearly 
show, that there is motion somewhere, and the 
question is—Does this apparent motion really exist 
in the heavens, or is it the motion of the earth 
that produces this appearance? Let us suppose, 
for a moment, that it is. the earth which moves. 
What, then, will be the rate of its motion, in turn- 
ing round its axis, to produce the apparent revo- 
lution of the heavens? For, if the earth really 
move round its axis from west to east, the heavens 
will, of course, appear to revolve around us from 
east to west. The rate of this motion will depend 
upon the magnitude of the earth. Now, we 
know that the earth is a globe, somewhat more 
than 24,000 miles in circumference; and, conse- 
quently in turning round every twenty-four houts, 
some portions of its surface must move at least a 
thousand miles every hour. This is a motion far 
more rapid than has ever been produced in the 
smallest bodies by human art; and, therefore, it 
may appear incredible to some that such a mo- 
tion can exist in a globe of such vast dimensions as 
the earth. But, if such persons deny that the 
earth thus moves, then they must admit that the 
heavens move. ‘There is no alternative; for mo- 
tion actually exists, either in the one or in the 
other. Now, if the motion is to be considered as 
exij-ting in the heavens, let us consider what the 
rate of this motion must necessarily be. If a 
small globe of 18 inches diameter, were supposed 
to perform a revolution round its axis in two se- 
conds, and a globe of 2000 yards, or 72,000 inches 
in diameter, to finish a rotation in the same time, 
this larger globe would move with a velocity four 
thousand times greater than the other. In fig. 


.5, if A B,in the center represent the earth, then 
Fig. 5. 





if the circle C E revolve round it in a certain 
time, and the other two circles revolve around it 
in the same time, it is evident that the circle F H 
must revolve with a quicker motion than the cir- 
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cle C E, and the circle I L witha still greater ve- 
locity in proportion to its greater distance from 
the center of motion, A B. a, 

Let us consider, then, what would be the rate 
of motion of some of the bodies in the heavens, 
whose distarice from the earth is known. The 
sun is ascertained to be ninety-five millions of : 
miles distant from the earth, and, consequently, 
were he to move round the earth every day, as he 
appears to do, he would move along a circumfe- 
rence of 597 millions* of miles every day; that 
is, at the rate of above twenty-four millions of 
miles in an hour, 414,000 miles in a minute, and 
6900 miles every second. Again, the planet Ura- 
nus, at its nearest distance from the earth, is more 
than 1700 millions of miles distant; and conse- 
quently the circumference of its orbit is more than 
ten thousand six hundred millions of miles. If there- 
fore this planet were supposed to move round the 
earth every day, its motions would be at the rate 
of 445 millions of miles in an hour,—seven mil- 
lions four hundred and twenty thousand miles in 
a minute,—and one hundred and twenty-three 
thousand six hundred and seventy-seven miles 
every second. Again, the nearest fixed stars are 
known not to be within 20,000,000,000,000, or 
twenty billions of miles from the earth; and con- 
sequently their daily cireuit round our globe would 
measure more than 125,000,0U0,000,000, or one 
hundred and twenty-five billions of miles; that 
is, at the rate of fourteen hundred millions of 
miles in the space of a single second, or the in- 
terval of time which the pendulum of a common 
clock takes in moving from one side to the other! 
Stars, at distances a hundred times greater—of 
which there are many such in our firmament— 
would move with a rapidity a hundred times swift- 
er; and those still farther removed from us in 
the depths of immensity, with a velocity far ex- 
ceeding either human or angelic comprehension; 
yet all the stars of heaven appear to move round 
our globe every twenty-four hours. If the cirele 
CD E (fig. 5) represent the supposed diurnal or- 
bit of the sun; F G H that of Uranus; and IK L 
M that of some of the fixed stars; then it is evi- 
dent, that in proportion to the distance of the 
body. from the earth will be the velocity of its 
motion, if it be supposed to move round the earth 
every day. 

If, therefore, there be any reader disposed to 
reject the motion of the earth, because it appears 
incomprehensible, he must necessarily admit of 
motions ten hundred thousand times greater and far 
more incomprehensible, more especially when we 
consider that the bodies in the heavens to which we 
have alluded are incomparably greater than this 
globe of earth on which we stand,—the planet 
Uranus being more than eighty times, and the sun 
more than thirteen hundred thousand times larger 
than the earth, and the fixed stars, at an average, 
as large as the sun. Such arate of motion, in 
such a number of magnificent luminaries, appears 
altogether overwhelming, and, I may add altoge- 
ther incredible. 

The question then which we have to decide is, 
which of the motions to which we have referred 
is most probable—the motions of the earth, or of 
the heavens? Is it really necessary that the whole 





*Tf the circle C D E represent the circle which the sun 
apparently describes in revolving round the earth, P C, its 
distance from the center of the earth, represent 95,000,000 
of miles, and the diameter of the circle C E 190,000,000; 
and, as the proportion of the diameter of a circle to its cir- 
cumference is neasly as 7 to 22, the circumference of the 
sun’s circle, C D FE will be about 597,000,000 of miles, through 
which he behooved to travel every day, if the earth were at 
rest, 4 
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universe, composed of sun, moon, planets, comets, 
stars, and nebule, should move round our globe 
with such astonishing velocities, in order to pro- 
duce the alternate succession of day and night? 
Reason tells us that itis not. We know that the 
Almighty does nothing in vain, but employs the 
most simple means, in order to accomplish the 
most astonishing and important ends. The suc- 
cession of day and night can be accomplished by 
a simple rotation of the earth on its axis, which 
will completely account for all the apparent diur- 
nal revolutions of the celestial bodies. This we 
find to be actually the case with the other planets 
of the solar system. ‘The planet Jupiter is four- 
teen hundred times larger than the earth, and 
moves round its axis in less than ten hours, at the 
rate of 28,000 miles an hour, which is a velocity 
twenty-cight times greater than that of the earth, 
supposing it to move round its axis. The planet 
Saturn is nearly a thousand times larger than our 
globe, and it revolves round its axis in ten hours 
and a half, at the rate of 24,000’ miles an hour, in 
those places situate near its equator. Toa specta- 
tor placed on these planets, the heavens would ap- 
pear to revolve around him every ten. hours, as 
they appear to us to revolve every twenty-four 
hours, but with an apparently more rapid motion; 
while he himself might suppose, as we are apt to 
do, that he is actually at rest. The earth, there- 
fore must be considered as revolving round its 
axis, in accordance with the arrangements of the 
other planets of, the system to which it belongs; 
and to suppose otherwise, would be in opposition 
to all the laws which govern the material universe, 
and would distort all our ideas of the harmony 
and order of the works of the Creator. 

2. Another consideration which demonstrates 
the diurnal motion of the earth is this: that such 
a rate of motion in the heavenly bodies, as has 
now been stated, though it might be within the 
limits of Divine power to effect, would soon shat- 
ter the material universe to atoms, and reduce crea- 
tion toa chaos. Were a ball of soft wood to be 
projected from a cannon, at the rate of 800 miles 
per hour, in a few moments it would be reduced 
to splinters; and hence the forage and other light 
substances projected from a piece of ordnance 
are instantly torn to pieces. What then might be 
supposed to be the consequences, were a body im- 
pelled through the ethereal regions with a velocity 
of a hundred thousand millions of miles in ‘a mi- 
nute, as multitudes of the stars behooved to be, 
were the earth at rest in the center of the uni- 
verse? It would undoubtedly reduce to atoms 
the most compact bodies in creation, although they 
were composed of substances harder than ada- 
mant. 

3. Another corroborative argument in support 
of the motion of the earth is this, that there is no 
instance known in the universe of a larger body re- 
volving around a smaller. We do not find such 
planets as Jupiter and Saturn revolving around 
their satellites, or moons; but all those satellitos 
which are much smaller than these planets, per- 
form their revolutions around them, as the center 
of their motions. The earth, which is fifty times 
greater than the moon, does not revolve around 
her, but that nocturnal luminafy regularly re- 
volves around the earth. The sun does not revolve 
around the planets Mercury and Venus—which are 
thousands of times less than that luminary—but 
they invariably revolve around him as the cen 
ter of light and influence, As the sun is ono 
million three hundred thousand times larger than 
‘the earth, it cannot therefore be supposed for a 
moment, that such an enormous globe should re- 
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volve, with such an inconceivably rapid motion, 
around so inconsiderable a ball as the earth; and 
much less that the whole universe should revolve 
around it every day. Were the earth not revolv- 
ing around its axis every day, there would be an 
infraction of all the laws which govern the sys- 
tem of universal nature; and therefore it is abso- 
lutely necessary to admit its motion, in order to 
direct our views, and to produce conviction of the 
unity of design, and of the harmony of creation. 

4. The last argument I shall mention in the 
meantime, and which I consider as demonstrative 
on this subject, is this—that if the earth were at 
rest, and all the heavenly bodies revolving around 
it with dreadfully rapid motions, i would confound 
all our ideas of the wisdom and intelligence of the 
Deity. Wisdom is that perfection of an intelli- 
gent agent, which enables him to proportionate 
one thing to another, and to devise the most ap- 


propriate means to accomplish important ends. 


We should reckon that person foolish in the ex- 
treme who should construct, at an enormous ex- 
pense, a huge piece of machinery for carrying 
round a grate, and the body of a large building 
to which it is attached, for the purpose of roasting 
a small fowl, fixed in the center of its motions; 
instead of making the fowl turn round its differ- 
ent sides to the fire. Were the inhabitants of 
London or any large town, to attempt to construct 
machinery to make the whole city move round in 
acircle, carrying a lamp near the center to throw 
light and heat over a ball of only one inch in dia- 
meter, when the same purpose could have easily 
been effected by making the ball itself turn round 
its axis; we should not hesitate a moment in pro- 


* . . 
nouncing such a scheme as a display of consum- 


mate folly. But none of these schemes would be 
half so preposterous as to suppose the vast uni- 
verse to move round so inconsiderable a globe as 
the earth, to produce the alternate succession of 
day and night, when the same object can be effect- 
ed by the earth’s simply revolving around its axis. 
Such a device, therefore, cannot form any part 
of the arrangements of Infinite Wisdom. Can 
we suppose for a moment that what would be 
considered as the consummation of folly in man- 
kind, is characteristic of the plans and operations 
of the Divinity, or that the great Source of eter- 
nal wisdom is to be leveled below the most fool- 
ish of men? Such a thought can never be ad- 
mitted by any of his intelligent offspring, in rela- 
tion to Him who is designated “ THE ONLY WISE 
Gop,” who “is wonderful in counsel, and excel- 


[lent in working,’’ and “who hath established the 
g 


world by his wisdom, and stretched out the heaven 
by his understanding.”’ If it could be proved 
that the earth is at rest, and the whole universe 
in motion around it, I should scarcely admit that 
the world was framed by that all-wise Being 
whose character is delineated in the sacred Scrip- 
tures, whose wisdom as far transcends that of man 
as the heavens are high above the earth. 

I have been somewhat particular in exhibiting 
the arguments which prove that the earth is a 
moving body, because, in some minds, there is a 
great hesitation in admitting this fact, and in 
others, a disposition to receive it merely on the 
testimony of other men, without understanding 
the foundation on which it rests; and because 
right views and conceptions of such facts lead to 
right conceptions of the operations and the attri- 
butes. of that almighty Being whom we profess 
to adore. I shall take an opportunity of stating 
the arguments which prove the annual motion of 
the globe round the sun, when we come to de 
scribe the earth considered as a planet. 
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A 
REFLECTIONS SUGGESTED BY THE MOTIONS OF THE 


EARTH AND HEAVENS. 


We have now endeavored to prove to the intel- 
ligent reader, that the world in which we dwell; 
with all its continents, islands, oceans, and its 
numerous population, is continually revolving 
around its axis to bring about the returns of day 
and night. It is also flying with a still greater 
velocity around the sun, to produce the various 
changes of the seasons. What an august and 
sublime idea does this suggest for our occasional 
contemplation! While we are apt to imagine we 
are sitting in absolute rest in our apartments, we 
are in reality whirling round toward thé east at 
the rate of hundreds of miles an hour; and are, 
at the same time, carried through the regions of 
space with a velocity of sixty-eight thousand 
miles every hour; so that during every moment, 
or every pulse that beats within us, we are.carried 
nearly twenty miles from that portion of space 
we occupied before. When we lie down to sleep 
in the evening, we are seldom aware that, during 
our seven hours’ repose, we have been earried 
along through the space of four hundred and 
seventy thousand miles! When, amidst the gloom 
of winter, we look forward to the cheering scenes 
of spring, we must be carried forward more than 
a hundred millions of miles, before we can enjoy 
the pleasures of that season; and when spring 
arrives, we must be carried through the voids of 
space, hundreds of millions more, before we can 
enjoy the fruits of harvest. During every breath 
we draw: and every word we speak, we are carried 
forward in our course thirty, forty, or fifty miles, 
unconscious of the rapidity of our flight; but the 
motion is not the less real, because we do not feel 
it. What should we think if we beheld one of 
the largest mountains in Scotland flying through 
the atmosphere, across the island of Great Britain, 
with a velocity which would carry it from John- 
o’-Groat’s to the Land’s End, a distance of seven 
hundred miles, in seven minutes? It would, 
doubtless, excite universal wonder and astonish- 
ment. But this is not one-tenth part of the velo- 
city with which the great globe of the earth, and 
all that it contains, flies through the boundless 
regions of space. Were we placed on a fixed 
point, a thousand miles distant from the earth, 
and beheld this mighty globe, with all its magni- 
ficent scenery and population, thus winging its 
flight around the sun, and carrying the moon 
along with it in its rapid career, such a spectacle 
would overwhelm us with astonishment inexpres- 
sible, and even with emotions of terror, and 
would present to view a scene of sublimity and 
grandeur beyond the reach of our present concep- 
tions. To angels, and other superior intelligences, 
when winging their flight from heaven to earth, 
and through distant worlds, such august scenes 
may be frequently presented. 

Although the heavens do not in reality move 
round the earth, as they appear to do, yet there 
are thousands of globes in the celestial regions 
whose real motions are more swift and astonish- 
ing than even those to which we have now re- 
ferred. The planet Venus moves in its orbit with 
a velocity of eighty thousand miles an hour; 
Mercury at the rate of one hundred and nine 
thousand miles an hour; and the planet Jupiter, 
which is one thousand four hundred times larger 
than the earth, at the rate of nearly thirty thou- 
sand miles an hour, carrying along with it-in its 
course, four globes, each larger than our moon. 
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Some of the comets have been found to move 
more than eight hundred thousand miles in the 
space of an hour; and some of the fixed stars, 
though apparently at rest, are moving with a ve- 
locity of many thousands of miles an hour. In 
short, we have every reason to believe that there 
is not a globe in the universe, nor a portion of 
matter throughout creation, but is in rapid and 
perpetual motion through the spaces of infinity, 
supported by the arm of Omnipotence, and ful- 
filling the designs for which it was created. 

If we inquire into the original cause of these 
motions, we shall find that no other cause can be 
assigned but the fiat and the power of that omni- 
potent Being who at first said, ‘Let the universe 
appear,’’ and it started into being. As matter did. 
not make itself, so neither can it move itself; its 
motion must commence, and can only be conti- 
nued every moment, by the power of that almighty 
Being who brought it into existence. He alone 
who existed from eternity, whose power is uncon- 
trollable, and whose wisdom is unsearchable, is 
the original Source of all motion, as he is the 
Source of all lifeand animation. By his omnipo- 
tent arm the planets were at first launched into 
existenee, and impelled in their swift career, and 
the motion at first communicated, is every mo- 
ment continued by the incessant agency of the 
same almighty Power. Were that Power to with- 
draw its energy, or the subordinate means by 
which it is appointed to be continued, the universe 
would soon run into confusion, and creation 
be transformed into a chaos. But God, who 
‘stretched out the heavens, and laid the founda- 
tions of the earth,’”? hath appointed them a decree 
which they cannot pass, and they continue to this 
day, according to his ordinances, for all are his 
servants. Psalm cxix. 91. 

What a scene of wonders is presented to view 
when we contemplate the motions incessantly 
going forward throughout creation !—that thou- 
sands of globes, much larger than our world, are 
winging their flight with unremitting speed, 
through the regions of immensity, at a rate which 
overwhelms the human imagination! What an 
astonishing idea does this convey of the energies 
of the Eternal Divinity, who at first launched this 
earth and all the planetary globes from his power- 
ful hand! He only ‘spake, and it was done;’’ 
and for thousands of years such motions have 
been continued without intermission! Well may 
we exclaim, with the inspired writers, ‘‘ Who can 
by searching’ find out God?”—“ Who can utter 
the mighty acts of the Lord? who can show 
forth all his praise ?”’ 

There are certain practical instructions which 
may be deduced from this subject. The power 
of God, as displayed. in the motions of the earth 
and heavens, teaches us that nothing can be too 
hard for Jehovah, and that all the declarations of 
his word, however wonderful and inexplicable to 


-mortals, shall, in due time, receive their full ac- 


complishment. We are assured, by the declara- 
tion of the sacred oracles, that a period is approach- 
ing when all the millions, of the human race, 
whose bodies are now putrefying in the grave, 
and all the succeeding generations of men until 
the close of time, shall be reanimated from the 
tomb, and arrayed in more glorious forms than 
they now wear. We are also assured that this 
globe, on which we now reside, is destined to un- 
dergo an important and universal change, when 
its elementary parts “shall melt with fervent 
heat,’? and “the earth also, and the works that 
are therein shall be burned up,”’ as to their present 
constitution and aspect, and that a new arrange- 
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ment will take place, in reference to the habita- 
tion to be allotted to the righteous.. We perceivo 
no symptoms of such changes at present; we 
have never seen any of the dead rise to life, after 
their bodies had mingled with the dust, and the 
ashes of some of them been scattered by the 
winds over different regions of the sea and land; 
and therefore doubts are apt to arise in the mind, 
whether such wonderful transformations are pos- 
sible to be effected. But all such doubts are at 
once dispelled, when we consider the perfections 
of Jehovah as displayed in the structure, and par- 
ticularly in the movements of the universe, which 
afford us a sensible demonstration. that nothing, 
however inexplicable to us, can be beyond the 
range of Omnipotence. Therefore, we may rest 
assured that, when the time appointed in the de- 
cree of Heaven arrives, that power which carries 
the earth and all the celestial orbs in their rapid 
motions through the sky, shall be exerted in re- 
animating all the generations of mankind, now 
sleeping in the tomb; in producing a most won- 
derful change in the aspect of this terraqueous 
globe; and in causing “new heavens and a new 
earth”’ to arise, wherein righteousness shall dwell 
forever. For that power which carries thousands 
of vast globes through the regions of immensity, 
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with velocities of a hundred thousand miles in 
the short space of an hour, must be more than 
adequate to accomplish all the glorious scenes 
and transformations predicted in the records of 
the Christian revelation. The Christian may 
therefore rely with unshaken confidence on all 
the “great and precious promises’ contained in 
the Scriptures of truth, which are given forth by 
Him whose faithfulness is established in the very 
heavens, and who “keepeth covenant and mercy 
with them that love him and keep his command- 
ments to a thousand generations,’’ and therefore 
cannot fail of ultimately receiving their full ac- 
complishment. Well, therefore; may the believer 
in Christ exclaim— 


“If my immortal Saviour lives, 
Then my immortal life is sure: 
His word a firm foundation gives; 
Here let’ me build and rest secure. 


6 Here let my faith unshaken dwell: 
Immovable the promise stands; 
Nor all the powers of earth and hell 





Can e’er dissolve the sacred bands. 


% Here, O my soul, thy trust repose! 
If Jesus is for ever mine, 

Not death itself, that last of foes, 
Shall break a union so divine.” 


ye TT, 


DESCRIPTION OF THE SUN—OF THE INFERIOR PLANETS—AND OF THE 
EARTH AND MOON. 


Wuen we take a particular survey of the starry 
heavens, we find that the stars, in general, never 
shift their positions from each other. They ap- 
pear to move round us in one compact body, as 
the figures of the constellations do on a celestial 
globe, when it is turned round its axis; but the 
stars belonging to one constellation never move 
toward those of another, nor change their dis- 
tances from each other. If we direct our atten- 
tion to the stars of the Great Bear, for example, 
(see fig. 1), we shall find that, at all hours of 
the day and night, and at every season of the 
year, they present the same definite figure, and 
the same relative position to each other, without 
any sensible variation of distance or magnitude; 
and the same may be observed from one year to 
another. Hence, they are usually denominated 
“the fixed stars.’? But when we observe the 
heavens with still more accuracy and minuteness, 
we shall occasionally perceive a few bodies, hay- 
ing the appearance of stars, which, when care- 
fully watched, for a few weeks or months, will be 
found shifting their positions with respect to the 
surrounding stars. In most cases, their motion 
is toward the east, but not unfrequently toward 
the west, and, at certain times, no motion can be 
observed for a considerable number of days. The 
bodies which are thus perceived to change their 
positions among the stars are called PLANETS; 
which word signifies ‘ wandering stars.”’ 

There are ten orbs of this description which 
haye been traced in the heavens, and whose mo- 
tions have been accurately ascertained. Only five 
of these bodies are yisible. to the naked eye: the 
other five can be seen only with telescopes. The 
five planets visible to the unassisted eye were 
known to the ancients, who gave them the fol- 
lowing names, derived from the heathen mytho- 


logy; namely, Mercury, Venus, Mars, Jupiter, and 
Saturn. The other five were discovered by means 
of the telescope, within the space of the last 
seyenty years. They are named Vesta, Juno, 
Ceres, Pallas, and Uranus. By a careful investi- 
gation of the motions and other phenomena of 
these bodies, astronomers have ascertained that 
they all move round the sun as the center of their 
motions; and, along with the earth, and nineteen 
smaller globes, form one grand and harmonious 
system, with which we who live on the terra- 
queous globe are intimately connected. The 
central orb which enlightens these moving bodies, 
and by its influence preserves them in harmony 
and order, is the same sun that enlightens our 
day, and diffuses life and animation among all 
the animal and vegetable productions of our 
globe. These bodies, although they sometimes 
appear in different and even opposite regions of 
the heavens, occupy but a very small space, as to 
the range of their motions, compared with that 
which is occupied by the fixed stars. The whole 
assemblage of these moving orbs, including the 
earth, is what is generally ,denominated Tur 
Soxar System, of which we shall now proceed 
to give a general description, beginning at the 
center of the system, and proceeding to the differ- 
ent planets as they lie in order. 





SECTION I. 


TuE SUN. 


Tue sun is the grand center and animating 





principle of the planetary system, around which 
all the planets revolve, at different distances, and 
in different periods of time; and by whose attract- 
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ing influence they are retained in their respective 
orbits. From this source they all derive light and 
heat, and all the other influences requisite to fit 
them for being habitable worlds. 

Among all the objects of the visible creation, there 
is none whose beauty is so much admired, and 
whose benign influence is so generally appreciat- 
ed, as the sun. Every day this glorious orb visits 
us: with his cheering beams, dispels the shades of 
night, and diffuses joy and animation among all 
the tribes of sensitive existence; without whose 
powerful energy, our world would soon become a 
dark and shapeless chaos, without life, order or 
enjoyment. But the splendor of this luminary, 
and the benefits it confers, are so common and so 
regularly continued, that we are apt to view them 
with indifference; and we seldom contemplate, 
with the eye of an enlightened understanding, the 
wonderful nature of that globe on which sur- 
rounding worlds depend for all the comforts and 
beneficial agencies they enjoy. To the vulgar 
eye, the solar orb appears only like a flat lumin- 
ous circle of a few inches diameter; and there 
are thousands of mankind who consider it in no 
other light than asa brilliant lamp, of no great 
size, hung up in the firmament. to give us light 
by day, and to enable us to prosecute our daily 
labors. Even minds of a more elevated and re- 
flecting cast have seldom entered into all the sub- 
lime ideas connected with the nature and proper- 
ties of this august luminary; and it is questionable 
whether the greatest astronomer now existing is 
capable of forming a conception of the magnitude 
and sublimity of the solar orb, corresponding to 
its vast extent and its real grandeur, as the soul, 
and center, and connecting principle of mighty 
worlds. 

Of the magnitude of this stupendous globe 
arithmetical numbers can scarcely convey to us 
an adequate idea; but we may, in the first place, 
state its dimensions in numbers. Its diameter, or 
a line passing through its center from one side to 
another, is found to be 880,000 miles. Its cireum- 
ference, ora line going quite round it, is 2,764,600 
miles. Its surface contains 2,432,800,000,000 of 
square miles; that is, more than twelve thousand 
times the number of square miles on our globe. 
Its solid contents comprehend 356,818,739,200,- 
000,000 or three hundred and fifty-six thousand 
billions of cubical miles; that is, 1,350,000 times 
the number of solid miles. which the terraqueous 
globe contains; so that were one million three 
hundred and fifty thousand globes as large as the 
earth to be compacted into one globe, it would 
only equal the size of the sun! Some of these 
dimensions may be somewhat illustrated as fol- 
lows: Suppose a person to move round the sun’s 
circumference at the rate of forty-five miles every 
day, it would require more than one hundred and 
sixty years before the circuit could be completed. 
Suppose one were to traverse the whole surface 
of this luminary, so as to pass over every square 
mile on its surface, at the rate of sixty miles a 
day, it would require more than a hundred millions 
of years before such an object could be aecom- 
plished. It is stated that the splendid view from 
Moun: Etna comprehends a circle two hundred 
and forty miles in diameter, containing 45,240 
square miles. Now this is only the fifty-three 
millionth part of the surface of the sun; so that 
more than fifty-three millions of landscapes, such 
as beheld from the top of Etna, must pass before 
us ere we could contemplate a surface. as exten- 
sive as that of the sun. Were we to suppose 
every such landscape to occupy two hours’in the 
contemplation, it would require twelve thousand 
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two hundred and seventy-five years—without the 
least intermission—or more than double the time 
which has elapsed since the Mosaic creation, 
before the whole surface of this immense globe 
could be, in this rapid manner, surveyed. The 
magnitude of this luminary may also be illustra- 
ted from the following comparison: The earth 
contains about two hundred and sixty-four thou- 
sand millions of cubical miles; the planet Jupiter 
is fourteen hundred times larger than the earth; 
Saturn is about a thousand times; and Uranus 
about eighty times larger than the earth: yet the 
sun is found to be more than five hundred times 
larger than those planets, and all the other planets, 
moons, and comets of the solar system taken 
together. 

If it be asked why the sun appears so small to 
our eyes; if it is indeed so immense a globe, it is 
easily answered, that this is owing to its immense 
distance from our world. This distance is no less 
than ninety-five millions of miles,—a distance of 
which the mind can form only a very inadequate 
conception. It may be somewhat illustrated, 
however, as follows: A cannon ball, at its utmost 
speed, when it leaves the mouth of a cannon, is 
calculated to fly at the rate of about five hundred 
miles an hour; but it would require such a moving 
body—though flying continually with this velo- 
city—twenty-one years and two hundred and 
forty-five days before it could reach the sun. 
This may be further illustrated by motions with 
which we are more familiar. Suppose a steam- 
carriage to set out from the earth in the direction 
of the sun, and to move, without intermission, at 
the rate of four hundred and eighty miles every 
day, it would require five hundred and forty-seven 
years before it could traverse the space which in- 
tervenes between us and that distant luminary. 
How wonderful, then, that the sun, at such a dis- 
tance, should exert his attractive power upon the 
earth—fructify the soil—raise tides in the ocean— 
and diffuse light, and heat, and color, and anima- 
tion, over all its regions! And not only so, but 
even on the remotest planet of the system, at the 
distance of eighteen hundred millions of miles, 
similar influences are produced by the agency of 
this august luminary! 

Ave we startled at the vast distance and dimen- 
sions of the solar orb which we have now stated? 
and are we apt to doubt whether the representa- 
tions we have given be accordant with fact? We 
ought to consider that He who made the sun, and 
adorned him with the splendor he exhibits, is 
“Tae Lorp Gop Omnirorent,” the extent of 
whose power and wisdom none can comprehend; 
and that the sun required to be of such a magni- 
tude to give stability to the system-of which he is 
the cénter; and, according to the laws he hath 
impressed upon the material world, to retain sur- 
rounding worlds in the paths prescribed them, 
and to dispense to them all those influences which 
they require. If we are astonished at the magni- 
tude of the sun, how must our admiration be 
raised when we consider that this globe is only 
one out of millions of similar globes which exist 
in the universe! For every star that adorns our 
firmament is, on good grounds, concluded to be a 
sun, no less spacious and luminous than that 
which enlightens our day; and has, doubtless, a 
retinue of planetary globes revolving around it, as 
the center of light and influence. 

Nature and physical constitution of the Sun—Of 
the real nature of this luminary we have hitherto 
acquired but very imperfect conceptions. But 
since the invention of the telescope, our know- 
ledge of its constitution has been somewhat en- 
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-arged. We no longer view the sun asa ball of 
liquid fire, as had sometimes been supposed, but as 
a solid body, composed of different materials, in 
which wonderful processes are going forward on 
an extensive scale, for preparing and perpetuating 
that light arid heat which are destined to cheer 
and illuminate surrounding worlds. When the 
sun is viewed by means of a telescope, spots of 
various kinds are ‘perceived upon its surface. 
These spots appear first on its eastern margin, 
when they appear narrow and somewhat obscure; 
they move gradually onward to the center of the 
disc, when they appear largest and most dis- 
tinct; afterward they proceed toward the western 
limb, where they again appear narrow and ob- 
scure; and after a period of about thirteen days, 
from their first appearance’on the eastern edge, 
they disappear from the western limb; and, in 
many cases, they again appear on the eastern 
limb, after the same period of thirteen days. But 
they are frequently somewhat changed in their 
aspect before they reappear; and, in numerous 
instances, after disappearing from the sun’s west- 
ern boundary, they are never again visible in the 
same shape; but other spots, at uncertain intervals, 
are seen diversifying the solar disc; though not 
unfrequentlyscarcely a single spot is to be seen over 
the whole surface of the sun. The spots appear- 
ing narrower and less distinct on the eastern and 
western limbs, is owing to our viewing obliquely 
these parts of the sun’s surfaces’ The conclusions 
to be deduced from these circumstances are, Ist, 
that the sun is a globe, and nota flat surface, as 
it appears to the naked eye, otherwise the spots 
would appear equally large and distinct on every. 
part of its surface.’ 2d. That this luminary 
moves round its axis in the same direction as the 
rotation of the planets; for its spots do not shift 
their places on its disc, but are carried along with 
the whole body of the sun. The time of the ap- 
parent revolution of these spots is 27 days, 8 hours; 
but the real period of the sun’s rotation is 25 days, 
9 hours, 56 minutes; and therefore, the places 


about the sun’s equator move at the rate of four | 


thousand five hundred and thirty-two miles an 
hour.* 
The solar spots are of all sizes, and of different 


shapes: their size is from 74,th to {th of the 
sun’sdiameter. The smallest of those spots which 
can be distinctly seen, are nearly a thousand miles 
in diameter. Spots, the one-fiftieth part of the 
diameter of the sun—which we have frequently, 
seen—are 17,600 miles in diameter, or more than 
double the diameter of the earth; and if the spot 
be considered only as a plane, and somewhat cir- 
eular, it will contain more than two hundred and 
forty-three thousand square miles, which is con- 
siderably more than the area of the whole terra- 
queous globe; and yet sometimes a spot of this 
vast size will disappear in a few weeks, and not 
unfrequently in a few days. Sometimes not a 
single spot is to beseen on the solar disc for weeks 
and even for months together; at other times, we 
have seen above one hundred spots of all sizes dis- 
persed over the face of the sun at one time. In 
such cases, there are generally five or six large 
spots, such as that alluded to above, accompanied 
with ten, fifteen, or twenty smaller spots; but, 
after disappearing at the sun’s western limb, it is 
seldom that they come round again in the same 
order as before. Some appear to have been alto- 





* This is found by dividing the circumference of the sun = 
2,764,600 miles, by the number of hours in which the rota- 
tion is performed, namely 610 hours, and the quotient is the 
rate of motion per hour. 





SUN. » 95 
gether dissipated, and others to have changed 
their shape and relation to surrounding spots, in 
which they formerly appeared. We have seen 
spots of nearly 2000 miles in diameter vanish in 
the course of twenty-two hours: and, on the 
other hand, on a late occasion, we beheld two 
spots, each of them larger than the earth, and 
contaihing at least three hundred millions of 
square miles, which were formed near the center 
of the solar disc, where no trace of them was seen 
forty hours before; which circumstances show 
the amazing: rapidity with which these mighty. 
masses are formed, and again. rendered invisible 
to the sight. The portions of the sun’s surface 
where the spots most frequently appear, are those 
which lie adjacent to its equatorial regions; no 
spots being ever seen near its northern or southern 
poles. In some years, these spots have been very 
numerous, and seldom a week has passed without 
a few of them having been seen, while in other 
years, comparatively few have been visible. 

‘These spots, as to their general appearance, re- 
semble a dark nucleus, surrounded with a penum- 
bra, or belt of a lighter shadé. -'This penumbra is 
generally of a shape nearly corresponding to that 
of the dark nucleus, or central spot. 'Uhis fainter 
belt is plainly perceptible in the larger spots, and 
when very high powers are applied to the tele- 
scope, the umbre are also visible in the smaller 
spots. The following representations will convey 
a general idea of the phenomena of the solar spots 
Fig. 6 represents the more common appearance 
of these spots—a dark central part surrounded by 
a fainter shade. Figs. 7, 8, 9, represent the ap- 
pearances of certain spots which exhibit a bright 
spot, or figure, in the midst of the dark nucleus. 
Fig. 10 shows a spot, in which various dark spots 
are surrounded by one common penumbra; figs. 
11,12, spots of different shapes; figs. 13, 14, large 
spots accompanied or surrounded with dark spots 
of a much smaller size. This is a very common 
phenomenon: it is seldom that any large spots are 
seen without being accompanied with a variety 
of small spots of different sizes, frequently as- 
suming the appearance of a tail to the large spot. 
Fig. 15, represents the appearance and progress 
of a single spot, from the time it appears on the 
sun’s eastern limb until it arrive at the center of 
the dise. As the sun moves round an axis which 
is not perpendicular to the ecliptic, but inclined 
seven and a half degrees from the perpendicular, 
so the spots move in a line deviating from the 
ecliptic, and perpendicular to the sun’s axis. 
Thus, in fig. 16, A B represents the ecliptic; D C 
its axis perpendicular to it; G H the axis of the 
sun, around which it performs its rotation, devia- 
ting seven and a half degrees from D C, the axis 
of the ecliptic. The spots therefore move ina 
line E F or K L, which is at right angles with the 
axis of the sun. 

Beside the dark spots whose phenomena we 
have now described, there are spots which have a 
bright and mottled appearance, and which it is 
difficult, in most cases, to distinguish from the 
general body of the sun. ‘hey are chiefly to be 
seen when they first appear on the eastern mar- 
gin of the sun, and when they approach near the 
western limb; but they are seldom or never seen 
near the middle of the disc. They are most 
generally seen in connection with clusters of the 
dark spots, and when they are first seen near the 
eastern limb, they frequently indicate that dark 
spots are about to make their appearance. ‘They 
appear like luminous ridges, and plainly indicate 
that the sun is not a smooth surface, but is diver- 
sified with elevations and depressions, or, in ‘other 
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words, with mountains and yales of a stupendous 
size, otherwise we could not perceive, a at, the 
remote distance at which we are placed. But 
what these bright ridges, or corrugations, are— 
whether immense luminous clouds, or solid bodies 
—or what purpose they serve in the operations 
which are going forward in this luminary, we are 
unable to determine. 

The following is a summary of the phenomena 
of the solar spots. 1. Every spot which has a 
dark nucleus has also an umbra surrounding it. 





2. The boundary between the nucleus and um- 
bra is well-defined. 3. The increase of a spot is 
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central part of the spots is beneath the level of 
the sun’s surface, or, in other words, that the 
spots are excavations in the body of this lumi- 
nary, and that the umbra, or shade, which sur- 
rounds it, is the shelving sides of this excavation 
in the luminous matter. According to this view, 
the nucleus is nothing else than the dark and 
solid body of the sun appearing through the 
openings of a luminous atmosphere which sur- 
rounds this mighty globe. According to Sir W. 
Herschel’s estimate, this atmosphere is not less 
than 1840 miles, and not more than 2760 miles in 
depth. This he regards as the outermost coating 


of the sun, or his visible surface; and under this | 


superior stratum, he. conceived there is another, 
more dense and highly reflective which throws 
back the light of the wpper regions, and that this 
lower atmosphere constitutes the umbra of the 
spots, and that the dark central parts of the spots, 
or, the nuclei, are part of the solid matter of 








which the sun’s body is composed. In accordance 
with such views, the internal part of the sun may 
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gradual, the breadth of the nucleus and umbra 
dilating at the same time; and its decrease is grad- 
ual in the same manner. 4. The nucleus, when on 
the decrease, in many instances, changes its fig- 
ure by the umbra encroaching upon it; and thus 
it sometimes happens that the nucleys. is divided 
into two or more nuclei. 5. The exterior bound- 
ary of the umbre never consists of sharp angles, 
but is always curvilinear. 6. The nucleus van- 
ishes sooner than the umbra. 

The conclusions which have been drawn from 
the phenomena now described, in reference to the 
constitution of the sun, are as follows: That the 
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be considered as an immense solid ball, not alto- 
gether unlike the earth and the other planets; 
and there is no great improbability in supposing 
that it is fitted for being the habitation of sensi- 
tive and intelligent beings, with constitutions 
adapted to the situation; and that it may consti- 
tute the most glorious habitation connected with 
the solar system. But whatever may be the real 
nature and constitution of this luminary, it is evi- 
dent, from the rapid and extensive changes which 
are frequently happening both among the bright 
and dark spots, that there are forces of prodigious 
power in continual operation, producing the most 
astonishing effects, in a short space of time, some- 
times ina few hours or minutes, on the surface 
or. in the luminous atmosphere of this great cen- 
tral body, And such changes are, doubtless, ne- 
cessary for preserving the present constitution 
of the sun—for enabling him to diffuse light and 
heat—and to act as the soul of surrounding 
worlds. 


This magnificent luminary is the grand source 
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of light, and heat, and color to this earth, and to 
all the planetary ‘globes, with their rings and 
satellites, which belong to our system. By its 
energy and influence, it cheers, adorns, and ani- 
mates aretinue of mighty worlds; ; directing their 
motions, and preserving them all in the paths 
prescribed them, so that none shall wander from 
their course, or interfere with others. It is the 
central bond which unites the moon to the earth; 
the satellites of Jupiter, Saturn, and Uranus, to 
their respective primaries, and all the other planets 
in one grand and harmonious system. On our 
globe, the benign effects of the sun are nu- 
merous and powerful. He is not only the source 
of illumination, but of all that beautiful diversity 
of coloring which adorns every terrestrial land- 
scape. Both the earth and sea—the lowest depths 
of the ocean, and the darkest cavern—feel the 
effects of his powerful agency. All animated 
beings rejoice in his presence: when his rays dis- 
pel the shades of night, millions of the insect 
tribes awake and sport in his beams, the birds 
salute him with their melodious concerts, every- 
thing that breathes feels the effect of his influence; 
man watches for the morning and rejoices at 
his approach; for ‘truly the light is sweet, and 
a pleasant thing it is for the eyes to behold the 
sun.” The vegetable tribes likewise feel his 
energy: he gives circulation to the sap in plants 
and trees; he causes the blossoms and leaves to 
shoot; the hills and vales to be covered with 
verdure, and the fruits of the earth to ripen toa 
golden harvest, for supplying the wants of man 
and: beast. Without the influence of this lumi- 
nary, darkness and all its gloomy accompani- 
ments would forever involve this lower creation; 
all the beauties which now adorn the face of 
nature would be swept, away, the birds would 
cease their warblings, the flowers would no 
longer be decked with the gayest colors, nor shed 
their rich perfumes. Life, activity, and anima- 
tion would soon cease; and the earth, ere long, 
would be transformed into a hideous chaos. 
Can we reflect on the grandeur and magnitude 
of this luminary, and the manifold beneficial 
effects which it produces on our world, without 
raising our thoughts to Him who at first launched 
this vast globe from his almighty arm, and still 
sustains it in all its energies! In all our surveys 
of the system of nature, it becomes us to raise 
our views from the effect to the cause, from the 
creature to the great Creator, and to give to 
Him “the glory due to his name.” Mis is 
not only a duty inculcated in Scripture, but is 
in full accordance with the dictates of true 
philosophy ; which declare, that every phenome- 
non, and every effect in the universe should 
be traced up to a cause adequate for its pro- 
duction. And what cause could produce such 
a stupendous luminary, but that Being who 
existed trom eternity, whose power is uncontroll- 
able and illimitable, and whose “kingdom ruleth 
over all?” “In the formation of this spacious 
globe we behold a display of Omnipotence which 
overwhelms our conceptions, and which shows 
us that nothing, however amazing and incom- 
prehensible, can be beyond the limits of God’s 
power to accomplish. In the numerous beneficial 
agencies produced by the sun, we have a display 
of his beneficence, an evidence that the happiness 
of his creatures is one of the main objects of his 
creating power, and that “his tender mercies are 
over all his works.’ ‘The day is thine; the 
night also is thine ; thou hast prepared the light 
and the sun.” He hath placed our world at such 
a distance from this luminary, as neither to daz- 
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zle us with excessive brilliancy, nor scorch us 
with cmpecive heat, nor freeze us with insuffer- 
able cold ; but to produce an illumination anda 
temperature, suited to the inhabitants of every 
clime. The man who can contemplate this glo- 
rious object, and feel all the beneficial effects of 
its influence, without the least emotion of grati- 
tude, reverence, and adoration, scarcely deserves 
to enjoy the beneficence of his Creator. Let us, 
then, “give thanks unto the Lord—to him that 
made great lights—the sun to rule the day: for 
his mercy endureth forever.’’? And as the sun en- 
lightens, cheers, and fructifies our globe, and dis- 
tributes benefits wherever he shines; so let us 
likewise, according to our power and opportuni- 
ties, exert all our energies in imparting blessings 
to our brethren of mankind. As he daily sheds 
his benign influence around the world; as he rises 
for the benefit of the ungrateful and the unjust, 
as well as for the good and the righteous, so let 
our beneficence be displayed toward men of 
all characters and nations, that we may prove 
ourselves to be “ the children of the Most High,” 
who, without distinction of persons, distributes 
blessings without number, among all the ranks 
of sensitive and intelligent existence. 

Notwithstanding the numerous benefits which 
the sun dispenses to all the inhabitants of our 
globe, it is a melancholy truth that the greater 
part of its population is still involved in intellec- 
tual darkness and moral debasement, “ being alien- 
ated from the life of God through the ignorance 
that isin them.”’ In this respect, it may still be 
said, as in ancient times, that darkness covers the 
earth, and gross darkness the majority of the 
people who inhabit it. While the sun diffuses its 
splendor around them, their minds are shrouded 
in a midnight gloom, into which “the light of 
the knowledge of the glory of God,’ as it shines 
“in the face of Jesus Christ,’® has never pene- 
trated. Before all the effects of light-—material 
and mental—can be fully felt, the Sun of right- 
eousness must arise on the nations “with healing 
in his beams,”’ to diffuse knowledge, joy, and sal- 
yation. His influences are as necessary to our 
true happiness as those of the material sun to our 
external comfort and existence. His Spirit irra- 
diates the darkest understandings, purifies the most 
debased affections, and diffuses gladness and con- 
solation wherever the light of Divine truth shines 
into the heart. And as the rays of this spiritual 
Sun are diffused by the truths of revelation, it is 
our duty to disseminate these truths as extensively 
as possible among all the kindreds, and families, 
and tribes, that dwell upon the face of all the 
earth. Wherever the natural sun shines, the light 
of Divine truth should be made to shed its influ- 
ence and its luster, until light shall spring up to 
those who sit in darkness and the shadow of death; 
until “the glory of the Lordshall cover the earth— 
and all flesh see the salvation of God.’ 


SECTION II. 


THE PLANET MERCURY. 


Havine given a general description of the sun— 
which is the center of the planetary orbs, around 
which they all perform their revolutions, at differ- 
ent distances and in different periods of time, we 
shall now proceed to give a brief description of 
what is most interesting in the phenomena of ,the 
different planets, beginning with that which is 
nearest the center, and proceeding, in order, to 
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those which are most distant. The order in which 
the orbits of the planets lie from the sun is repre- 
sented in the following small diagram. The pro- 
portional distances of the planets from the center 
cannot: be distinctly represented, unless upon a 
diagram of very large extent. In this small figure, 
the middle point represents the position of the 
gun. The inner circle next the point which rep- 





resents the sun, is the orbit of Mercury, the near- 
est planet to the sun; the second circle represents 
the orbit of Venus; the third that of the Earth; 
the fourth that of Mars; the next circles, which 
cross each other, represent the orbits of the lately 
discovered planets: Vesta, Juno, Ceres, and Pallas. 

eyond these, the next circle represents the orbit 
of Jupiter with his satellites, and next to that the 
orbit of Saturn. The outermost circle is that of 
Uranus, sometimés distinguished by the names of 
Herschel, and the Georgium Sidus. 

These orbits appear very small, as delineated 
in this diagram; but they are in reality so im- 
mensely large, that the mind can scarcely form 
any adequate conception of them. ‘The orbit of 
Mercury, which is the smallest, is more than two 
hundred and thirty-two millions of miles in cir- 
cumference. Were a steam carriage to move 
round it at the rate of twenty miles an hour, it 
would require more than one dhowsaria three hun- 
dred and twenty-four years before it could com- 
plete the circuit; yet the planet itself moves 
around it in the short space of eighty-eight days. 
The orbit of Uranus, the most distant planet of 
the system, is eleven thousand three hundred mil- 
lions of miles in circumference, and three thou- 
sand six hundred millionsin diameter. To move 
round this circumference, at the rate of thirty 
miles an -hour, would require above forty-two 
thousand nine hundred years, or more than seven 
times the period which has elapsed since the crea- 
tion of Adam; while the planet itself moves round 
it in eighty-four years. So that all the arrange- 
ments of the Divine Being are conducted on a 
scale of magnificence, astonishing to mortals, and 
corresponding to the infinite majesty and grandeur 
of Him “who stretched out the heavens by his 
understanding.”” 

’ The narrow curve, on the left hand of the 
figure, crossing the orbits of the planets, repre- 
sents a portion of the orbit of a comet. The 
comets move in all directions through the solar 
system, and their orbits consist of long narrow 
ellipses, or ovals, some of which extend far be- 
yond the orbits of the most distant planets, where 
they sometimes remain for a long series of years. 
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These bodies are distinguished by their dim, dusky, 
and ruddy light, and the long tails, or trains of 
light with which they frequently make their ap- 
pearance. Sometimes they are visible to the naked 
eye, and make a pretty splendid appearance; but 
numerous bodies of this description pass near the 
center of our system, which are only visible by 
means of telescopes, and numbers, doubtless, 
which are never distinguished even by astrono- 
mers, except when by chance they happen to direet 
their telescopes to those portions of' the heavens 
in which they are moving. From December, 
1843, to September, 1844, no less than three 
comets were discovered, but not one of them was 
visible to the unassisted eye. 

Having made these preliminary remarks re- 
specting the general arrangement of the planets 
and comets, we proceed to a brief description of— 

The planet Mercury. 'This planet, as already 
noticed, is the nearest to the sun; at least, no 


‘planets, nearer this luminary have yet been dis- 


covered, though it is not improbable that one or 
two may exist within the orbit of Mercury. Its 
name signifies “the swift messenger,” and, in 
point of fact, it is the swiftest moving planet in 
the solar system, its rate of motion being, at an 
average, one hundred and hine thousand eight 
hundred miles an hour, or one thousand eight 
hundred and thirty miles in a minute; but its rate 
of motion is somewhat different in different parts 
of its course, as it movesin an elliptical orbit. Its 
distance from the sun is about thirty-seven mil- 
lions of miles, and it performs its revelution 
around that luminary in eighty-seven days, twen- 
ty-three hours, and twenty-five minutes. As to 
magnitude, this planet ranks among the smaller 
bodies of the system. Its diameter is three thou- 
sand two hundred miles, its circumference ten 
thousand and fifty-three miles, and its surface 
contains above thirty-two millions of square 
wiles, which is considerably less than the habit- 
able parts of our globe. Were we to compare its 
size with that of the sun we should find that it 
would require nearly twenty-two millions of 
globes of the size of Mercury to form a globe 
equal to that of the sun.* 

This planet always appears to move in the 
neighborhood of the sun. It never appears above 
twenty-nine degrees distant from the sun, and 
frequently at the period of its greatest elongations 
it is not above sixteen’ or seventeen degrees from 
that luminary. On this account, it is difficult to 
be distinguished by the naked eye, unless near the 
periods of its greatest elongations. The time be- 
tween its greatest elongations from the sun, varies 
from one hundred and six to one hundred and 
thirty days.’ When it is at its greatest elongation 
east of the sun, it is seen in the evenings, at a low 
elevation, not far from the point where the sun 
sets. When it is west of the sun, it is seenin the 
morning not far from the point of sunrise. The 
mest favorable seasons for observing it are the 
spring and autumn, asit is in a higher declination 
at those seasons than in winter, and the twilight 
is not so strong nor so long continued as in sum- 





* This is estimated in the following manner—the com- 
parative bulks of spheres are to each other as the cubes of 
their diameters; therefore, divide the cubes of their diame- 
ters by each other, and the quotient shows the number of 
times the one is contained in the other. In the present in- 
stance, multiply the sun’s diameter, 880,000 miles, twice 
into itself, and divide the product by the cube of the diame- 
ter of Mercury, 3200 miles, and the quotient will give the 
number of times that the sun is larger than this planet. 
Thus the enbe of 880,000 is 681,472,000,000,000,000, which 
divided by 32,768,000,000 the cube of Mercury’s diameter 
=21 millions and five-sixths, nearly. ss 
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mer. When viewed by the naked eye, it appears 
to emit a very white light; and those who would 
wish to get a view of this planet, when it may be 
seen, should inspect an almanac, or ephemeris, 
where the times of its elongations are distinctly 
stated.* When viewed witha telescope it ap- 
pears, in the course of its revolutions round the 
sun, to pass through all the phases of the moon, 
sometimes appearing as a half-moon, sometimes 
as a crescent, and at other times with a gibbous 
phase. When it appears of a half-moon or cres- 
cent phase, its enlightened side, like that of the 
moon, is always turned toward the sun, which 
proves that it is in itself a dark body, and derives 
allits light from that luminary. On account of 
its nearness to the sun, few discoveries have been 
made on its surface by the telescope. It has been 
observed, however, that when it appears as a cres- 
cent, one of its horns is truncated, or cut off at 
the point, by which the period of its revolutions 
round its axis has been determined, which is sup- 
posed to be accomplished in twenty-four hours 
and five minutes. This truncature is doubtless 
the effect of elevations and depressions on.its sur- 
face; and hence, some astronomers have concluded 
‘that mountains of considerable elevation exist on 
Mercury, one of which is calculated to be eight 
English miles in perpendicular altitude. It is 
supposed, likewise, that it is enveloped with an 
extremely dense atmosphere. 

In consequence of its nearness to the sun— 
being nearly three times nearer than the earth— 
the quantity of light is nearly seven times greater 
than what we receive; and the sun will appear to 
a spectator in that planet about seven times larger 
than to us—which circumstances will cause a 
more brilliant luster to appear.on all the objects 
on the surface of this planet than appears on the 
scenery of our globe. Such eyes as ours would 
be unable to sustain so dazzling a brightness, un- 
less their pupils were contracted to the diameter 
of one-fiftieth of an inch. That the quantity of 
heat is in the same proportion, or seven times 
greater than on the earth, is ah opinion by no 
means probable. It is more probable, from many 
circumstances connected with our own globe, and 
from a variety of experiments which have been 
made on the subject of heat, that the sun’s rays 
may be modified in their action by the nature of 
the atmosphere, and the constituent elements of 
which the planet is composed. It is probable 
that sensible heat depends chiefly on the distribu- 
tion of the substance of caloric, or the principle 
of heat, on the surfaces and throughout the atmo- 
spheres of the planets, in different quantities, ac- 
cording to the different situations they occupy in 
the solar system; so that it is possible there may 
be no more sensible heat felt on the surface of 
Mercury than on the surface of the earth, or 
even of Saturn, or Uranus. 

Mercury revolves in an elliptical orbit, which 
is more eccentric than the orbits of the other 
planets except Juno and Pallas. ‘This is the rea- 
son why, at some of its greatest elongations, it is 
only sixteen degrees from the sun; while at others, 





* The Christian Almanac, published by the “ Religious 
Tract Society,” will afford sufficient information on such 
points, and on various other topics connected with astrono- 
my, and the motions and aspects of the heavenly orbs, es- 

ecially under the head Phenomena. This almanac is pub- 
fished at the low price of sixpence, contains about 84 closely 
printed pages, and a vast quantity of useful information on 
science, religion, philanthropy, domestic economy, acts of 
Parliament, and a variety of other interesting topics. 
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it is nearly twenty-nine degrees distant. Its ec- 
centricity, or the distance of the sun from the 
center of its orbit, is above seven millions of 
miles; which is about the one-tenth part of the 
diameter of its orbit; and this orbit is inclined to 
the ecliptic, or the plane of the earth’s orbit, in 
an angle of seven degrees, so that it is sometimes 
this number of degrees above the level of the 
ecliptic, and at other times as much belowit. The 
density of this planet is greater than that of any 
other planet of thesystem. It has been estimated 
to be nearly twice the density of the earth, that is 
about nine times the density of water, or nearly 
equal to that of lead. Such conclusions are de- 
duced from the laws of gravitation, by which all 
the planets are directed in their motions. 

Transits of Mercury.—At certain periods, this 
planet is observed to, pass across the sun’s disc, 
like a small dark spot. This can happen only at 
the time of its inferior conjunction with the sun 
—when it is nearest to the earth—when its en- 
lightened side is turned toward the sun, and its 
dark hemisphere is turned directly toward the 
earth; and when the earth, Mercury, and the sun 
are nearly in one straight line. This passage of Mer- 
cury across the solar disc is called its transit, and 
is considered by astronomers as an interesting 
phenomenon. If the orbit of this planet were in 
the same plane with that of the earth, it would 
transit the sun’s disc at every inferior conjunction, 
or three or four times every year. But as its or- 
bit is inclined to the ecliptic, a transit can happen 
only when it comes to the inferior conjunction, 
at the time when it is at or near its nodes, or the. 
points where it crosses the ecliptic, and when the 
earth is in the same longitude, and. this occurs 
only at intervals of several years. ‘The last visi- 
ble transit previous to 1845, happened in 1832: 
another happened in November, 1835; but was 
invisible in Britain, as the sun was set before its 
commencement. A visible transit likewise oc- 
curred on May 8th, 1845, which began at 19 
minutes past 4, rp. m., Greenwich time, and the 
planet arriyed.near the center of the disc at 35 
minutes past 7, p.m.; but before the planet’s egress 
from the sun’s western limb, the sun set to the 
inhabitants of this country. The next visible 
transits of Mercury will happen at the following 
periods: 1848, November 9th; 1861, November 
12th; 1868, November 5th; 1878, May 6th. The 
other transits, during the present century, in 1881, 
1891, and 1894, will be invisible in Britain and 
other European countries, but will be seen in sev- 
eral parts of North and South America, and the 
islands of the Pacific Ocean. 

This planet, notwithstanding its comparative 
smallness, forms, a portion of the Divine empire, 
and is capable of containing a population larger 
than even that of our globe. Though diminutive 
in its appearance, and seldom seen by the inhab~ 
itants of the earth, we can scarcely doubt that 
there are to be found on this planet millions of 
sentient and intelligent beings—perhaps far supe- 
rior in dignity to man—with constitutions fitted 
for that sphere in which Providence has placed 


| them, and with mental powers which qualify them 


to know, to love, and to adore their great Creator. 
For it may be considered as an axiom, that the 
material universe was created, and is still pre- 
served in existence, chiefly for the sake of sensitive 
and intellectual natures, to afford them the means 
of happiness, and to give them a sensible display 
of the character and attributes of the Eternal 
Divinity. 
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SECTION VIII. 
ON THE PLANET VENUS. 


Next to Mercury, in the order of the system, 
_ is the planet Venus. To the naked eye it appears 
the most beautiful and splendid star in the hea- 
vens, and has been distinguished both in ancient 
and modern times as the morning and eveiting 
star, because in one part of its course, it makes 
its appearance, in the west, in the evening, before 
any other star is visible; ‘and, in another part of 
its course, it appears in the east in the morning, 
ushering in the dawn, and giving notice of the 
approach of the rising sun. Its distance from the 
sun is reckoned at sixty-eight millions of miles, 
being thirty-one millions of miles from the orbit 
of Mercury, and about twenty-seven millions of 
miles from the earth at its nearest approach to it. 
At this distance it is nearer the earth than any 
other celestial body can approach, the moon only 
excepted. In respect of magnitude, it is found to 
be 7800 miles in diameter, or very nearly the 
size of our globe. Its surface contains one hun- 
dred and ninety-one millions of square miles, and 
the quantity of light it receives from the sun is 
nearly double of that which falls upon the earth, 
on account of its greater nearness to the sun, so 
that that luminary will appear from its surface 
twice as large as it does to us. From a variety 
of observations which have been made on this 
planet, it appears that it has a rotation on its axis, 
which is accomplished in the period of 23 hours, 
21 minutes; and as the period of the earth’s rota- 
tion is 23 hours, 56 minutes, its day is, of course, 
35-minutes shorter than ours. 

Discoveries made on Venus bythe telescope—The 
first time the telescope was directed to this planet 
was in the year 1610, by the celebrated Galileo, 
who had just a little before constructed one of 
the first telescopes. The chief discovery he then 
made was, that this planet, in the course of its 
revolution round the sun, passed through all the 
phases of the moon, sometimes appearing as a 
crescent, or like the moon when three or four 
days old, sometimes like a half-moon, and at other 
times with a gibbous phase, or like the moon 
three or four days. before the full. That the pla- 
net presents such phases to our eye is a plain 
proof that it does not move round the earth as its 
center of motion, as the ancients supposed, but 
round the sun, in an orbit which livs within the 
orbit of the earth. For if it moved in an orbit 
exterior to that of the earth, it could never present 
tous either a half-moon or a créscent phase. At 
the period to which we allude, the greater part of 
the learned had adopted the vulgar opinion which 
so long prevailed, that the earth is at rest in the 
center of the universe, and that all the planets 
revolve around it. It was objected to the Copet- 
nican system, which supposes the earth to be one 
of the planets—and which had been recently 
broached—that if this were the case, the planets 
Mercury and Venus would appear with all the 
phases of the moon. This was fully admitted; 
but it could never be exhibited to the organs of 
vision before the telescope was invented. When 
Galileo had published this and several other dis- 
coveries, the senators of Venice, who were most 


of them eminent for their love of learning, invi-: 


fod this astronomer to come, and in their presence 
make a trial of his new instrument. He com- 
plied with their request; and, on a fine, clear, and 
serene evening, mounted his telescope on the 
tower of St. Mark, and showed them several of 
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the discoveries he had made, and particularly the 
appearance of Venus, which was then near the 
point of its greatest elongation from the sun. 
One senator after another ‘beheld the planet 
through the telescope, and all were surprised that 
more than half of its hemisphere was obscured; 
that it did not appear round, as most of the other hea- 
venly orbs, butinclining to a crescent, with points, 
or horns, at its opposite sides. Upon this Galileo 
proceeded to show how this phenomenon furnished 
a demonstrative proof of the Copernican system 
of the universe. That night was fatal to the 
ancient systems maintained in the schools; and 
from that period, the true system of the world 
began to be recognized by all intelligent and un- 
prejudiced minds, and, in. the midst of every op- 
position, to be extensively propagated through 
the world. : 

After the telescope was improved, and its length 
and magnifying powers increased, more particu- 
lar observations began to be made on the surface 
of Venus. Cassini, an Italian astronomer, with 
instruments of a large size, on October 14th, 
1666, at 5h. 45m., Pp. M., saw a small bright spot, 
near the section between the dark and bright side 
of the planet; at the same time he noticed two 
dark oblong spots nearer the other side of the 
disc, as represented -in fig. 18. On the 20th of 
April, 1667, in the morning, a little before sun- 
rise, he perceived, on the disc of the planet, then 
half enlightened, a bright spot near the section and 
toward the lower horn; and nearer to the northern 
horn he saw a darkish oblong spot, as represent- 
ed in fig. 19; and after sunrise, he perceived that 
the bright spot was advanced considerably from 
the southern horn; and from this and several sub- 
sequent observations, he had a plain proof of the 
rotation of the planet, which he afterward deter- 
mined to be in the space of somewhat more than 
twenty-three hours. For many years after this 
period, we have few recorded observations of these 
spots; and, indeed, they are very difficult to be 
perceived, on account of the extreme brilliancy 
which this planet exhibits, and the undulations 
of the atmosphere, when viewed at a low altitude 
in the evening. The best time for viewing the 
surface of this planet is in the day-time, when it 
is near the meridian, by means of large equatorial 
telescopes. 

M. Schroeter, a late celebrated German astrono- 
mer, made a variety of observations on this planet, 
from which he has deduced several important con- 
clusions. He discovered the twilight of. Venus, 
or the stretching of a faint light beyond the semi- 
circle which ought to be alone directly enlightened, 
as shown at fig. 20, where the cusps or horns 
seem to stretch into the dark hemisphere. He 
deduced from this, and other observations, that Ve- 
nus has an atmosphere of considerable extent, the 
densest part of which is above three miles high. 
A similar conclusion was deduced by a variety of 
observers in different places, when viewing the 
transit of this planet in 1761. At the time when 
the planet entered on the sun’s dise, and when it 
was about to emerge from the eastern limb, a faint 
penumbra or dusky shade was seen surrounding 
the planet, which indicated an atmosphere of con- 
siderable hight. M. Schroeter likewise detected 
several mountain ridges, and elevations of great 
magnitude on the surface of Venus. Such eleva- 
tions are ascertained from the length of their sha- 
dows. He estimated the perpendicular hight of 
one of these mountains to be ten anda half Eng- 
lish miles, and of another no less than nineteen 
miles. Although these elevations so far surpass 
the hight of the highest mountains on our glohe, 
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yet such estimates are not to be considered on this 
account as improbable. For, in nature, there is 
an infinite variety, and every planet differs from 
another inits arrangements. Such lofty elevations 
will add to the sublimity of nature on the surface 
of this planet, and will afford, from their summits, 
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prospects far more extensive and sublime than we 
can at present conceive. it 

Apparent motions of Venus.—Were the planets 
viewed from the sun, the center of the system, 
their motions would appear nearly uniform, and in 
one direction, from west to east. But when viewed 























































































































































































































from the earth, or any other planet, their motions 
appear very irregular, and in different directions, 
and sometimes they appear to make a pause in 
their course. Hence the apparent motions of the 
planets, as viewed from the earth, are said to be 
either direct, retrograde, or stationary. This may 
be illustrated in the apparent motions of Venus, 
and what is here stated of this planet will equally 
apply to the motion of Mercury. - Thus, in fig. 
21, let S represent the sun, E the earth, and a, 6, 
c,d, e, f, 9, h, the planet Venus in different parts 


of its orbit, as seen from the earth at E. When it, 


is at a, it is said to be in its inferior conjunction 
with the sun, because it is then nearly in a line 
with the sun; and were it visible, it would be seen 
nearly in the same part of the heavens as the sun. 


But at this time its dark. hemisphere is turned to- |’ 


ward the earth, and therefore is invisible unless it 


Fig. 21. 
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should happen, as it sometimes does, to pass across 
the disé of the sun. In moving from a to }, its 
motion is retrograde, or toward the west. In mov- 
ing from 6 to ¢, it appears stationary, because the’ 
tangent line, or visual ray 6 1, will appear for some 
time to coincide with the orbit of the planet. At 





c the planet is said to be at its greatest western 
elongation.from the sun, when it appears in its 
greatest brightness as a morning star. In passing 
from ¢ to-.d, and from d to e, its motion is direct, 
or from west to east. At eis the point of its su- 
perior conjunction, when it is again nearly in a 
line with the sun, and when its full enlightened 
hemisphere is turned toward the earth. But at 
this point it is the whole diameter of its orbit, or 
‘one hundred and thirty-six millions of miles far- 
ther from the earth than when it was at a, and 
therefore appears smaller near this position than 
when only the one-fourth of its enlightened side 
is seen. From eto f, and from f to g, the motion 
is still direct; from g toh, it is again stationary, 
and from h to a retrograde. 

In regard to the phases of Venus we may add 
the following remarks. When the planet is at e, 
at its superior conjunction, if it could then be 
seen,* it would present a full enlightened hemi- 
sphere. As it moves from eto f, it gradually 
comes into view as an evening star, and at first 
appears very low near the point of the horizon 
where the sun sets. Its motion appears slow on 
account of its distance from the earth, and it is 
sometimes two or three months, after passing the 
point of its conjunction, before it becomes dis- 
tinctly visible to the naked eye. When it comes 
to the point f it exhibits a gibbous phase, as seen 
by the telescope. As it moves onward toward g, 
its apparent size increases, and its gibbous phase 
gradually declines to that of a half-moon. At g 
it appears like a half-moon inclining to a crescent. 
About this point of its orbit is the period of its 
greatest brilliancy, and in certain years, when in 
this position, it may be seen in the day-time by the 
naked eye. At the point h, it appears of a cres- 





*Jt has been frequently asserted by astronomical writers 
that this planet, cannot be seen at its superior conjunction. 
The author of this volume, however, in the course of his ob- 
sérvations on the heavenly bodies in the day-time, had an 
opportunity on the 2d of October, 1843, of seeing this planet 
within a few minutes of the time of its superior conjunction, 
when it was only 58 minutes, or less than 1 degree from the 
sun’s margin. It was viewed with a three-feet-and-a-half 
achromatic telescope, magnifying 95 limes, and appeared 
round and perfectly distinct, though partly immersed in the 
solar rays. ‘This circumstance proves that the surface -of 
Venus reflects the solar rays with peculiar brilliancy, more 
than that of any other planet. Fora more particular account 
of this observation, see “ Edinburgh Now Philosophical 
Journal ® for January, 1844. 


32 


cent form, and while moving from hto a, the point 
of its inferior conjunction, its crescent becomes 
more slender, but at the same time more expansive, 
until it appears like the crescent of the moon 
when she is less than two days old. At a the dark 
side of the planet is turned toward the earth, and 
consequently invisible. The period employed in 
passing through these changes, from e to a, is about 
nine months anda half. In passing through the 
other semicircle from @ to b,c, d, e, it becomé@s a 
morning star, and, a few days after the conjunc- 
tion, is seen in the east preceding the rising sun. 
In proceeding from a to 6 and ¢, its apparent mo- 
tion is rapid, and it presents a crescent phase; at 
¢ it appears like a half-moon, and in the remain- 
ing part of its course to e its phase is. gibbous, 
until it arrives at the superior conjunction, when 
it again presents a [ull enlightened hemisphere. 
The time employed in moving from the inferior 
to the superior conjunction is, as formerly, about 
nine months and a half. , 

The following figures represent the phases of 
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this planet, and its gradual increase of apparent 
size from the period of its superior conjunction 
to its inferior. Fig. 22 is its phase as a full en- 
lightened hemisphere, and its proportional size 
when compared with fig. 30, which represents it, 
when nearest the earth at its inferiorconjunction. 
At this time it is five times nearer, and conse- 
quently five times larger in diameter, and twenty- 
five times larger in surface than it appears at its 
superior conjunction. Figs. 93,94; 295 represent 
different degrees of its ibbous phase; 26, its 
half-foon phase; 27, 28, 29, its crescent phase; 
where it will be seen, thaf, as the breadth of the 
crescent diminishes, its expansion and length in- 


crease, as it is then approaching nearer the earth. 


Fig. 30 represents its dark side turned toward us 
at the inferior conjunction. In moving from the 
inferior to the. superior conjunction, it passes 
through all these phases in a reverse order. First 
it appears as 29, then as 28, and until it arrives at 
the phase fig. 22. : 

We shall state only the following additional fact 
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respecting this planet. The period of its revolu- 
tion round the sun is in 224 days 16 hours, during 
which time it accomplishes a course of 434 mil- 
lions of miles, at the rate of eighty thousand miles 
an hour. Its orbit is inclined to the ecliptic inan 
angle of three degrees twenty-three minutes and 
a half, and the eccentricity of its orbit is less than 
half a million of miles, or about the 1-276th of 
its diameter. On the ground of certain observa- 
tions, it has been supposed that it is attended with 
a satellite; but such a body,if it exist, is seldom 
seen, and therefore its existence is considered as 
uncertain. In its elongations, it never removes 
farther from the sun than from forty-five degrees 
to forty-seven degrees. If its enlightened side 
were turned toward us when it is nearest the earth, 
it would present a surface twenty-five times larger 
than it generally does and shine with the splendor 
of asmall moon; but, at that time, its dark side is 
turned to the earth. To an inhabitant of Venus, 
Mercury will appear as a morning and evening 
star, with more splendor than it does to us; and 
the earth, when nearest to Venus, will shine forth 
with a splendor nearly ten times greater than either 
Jupiter or Venus does to us.. This planet, like 
Mercury, sometimes makes a transit across the 
disc of the sun. The last transit happened in 
1769. and the next will take place on December 
9, 1874, at eight minutes past four, a. m., which 
will be invisible in Britain, and in most European 
countries; but, as it is a phenomenon of great im- 


























portance in astronomy, British astronomers will 
doubtless, be sent to observe it in those countries 
where it will be visible. 

This beautiful planet, distinguished from all the 
other stars by its superior brilliancy, is occasion- 
ally alluded to by the sacred writers, as the “son 
of the morning?’—* the day star,’ and “the bright 
and morning star:’? emblematical of the Redeemer 
of mankind, giving light to the world after along 
night of superstition and darkness, and of its 
cheering influence on the minds of sinful men, 
when the ‘‘day star’? from on high hath arisen in 
their hearts. When viewing the bright luminaries 
of the sky, and especially the morning star, and 
when we consider the beautiful order and arrange- 
ment of these orbs, the placid influences they 
diffuse, and the harmony with which all their 
movements are performed, a contemplative mind 
can scarcely refrain from contrasting such scenes 
with the darkness and disorder which prevail in 
the moral world. While the sun diffuses his 
splendor by day, and the moon and the stars shed 
their mild radiance by night, it is still necessary 
to the happiness of our world that intellectual 
light and sacred joy should be diffused over the 
minds of its inhabitants—of which the light of 
these luminaries is designed to serve as an emblem. 
When the morning star makes its appearance near 
the eastern horizon, it is a sign that the sun will, 
ere long, arise, and that the darkness of night will 
soon be dispelled. When the “day star’? arises 
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on the benighted mind, it intimates that gloom 
and darkness, with all their miserable accompani- 
ments, formerly brooded over it: but now that the 
light of Divine truth has begun to irradiate the 
darkness, it is a sign that this light will still in- 
crease, and shine ‘‘ more and more unto the per- 
fect day,” until at length it blend itself with the 
glories of the celestial world, where the “sun shall 
no more go down,” where the Lord God shall be 
an everlasting light, and where the days of dark- 
ness and “ mourning shall be ended.” 


SECTION Iv. 


THE EARTH: CONSIDERED AS A PLANETARY BODY. 


(1.)—General view of the Earth’s surface, atmo- 
sphere, magnitude, and method of finding its di- 
mensions. 


Iv may seem strange to some readers that this 
world on which we reside should be considered a 
planetary orb; as, at first view, it appears to bear 
no resemblance to any of the orbs that appear in 
our nocturnal sky. The planets, as they are seen 
in the heavens, by the unassisted eye, appear only 
as comparatively small points of light; whereas 
the earth, from whatever point it is viewed, ap- 
pears the largest body our eyes can anywhere be- 
hold, and when we traverse its surface, either by 
sea or land, there appear no boundaries to its di- 
mensions. From the positions in which we are 
permitted to view any portion of the earth— 
even when we ascend several miles above its sur- 
face in balloons—it exhibits no luminous aspect 
such as that which the celestial bodies present; so 
that, at first view, we might be apt to suppose 
that no similarity can exist between our sublunary 
world and the orbs of heaven. Beside, the celes- 
tial orbs are apparently in rapid motion from one 
region to another, while the earth, as a whole, 
appears to be at rest in the center of the celestial 
motions. Whether wesit in our apartments, or 
walk in the fields, we feel no motion in the solid 
earth which supports us, and are apt to imagine that 
the portion of the globe on which we dwell remains 
invariably in the same point of infinite space. We 
perceive no motions connected with our world but 
those which are produced by the rivers, the ocean, 
the atmosphere, and subterranean concussions, and 
those which are the result of the various processes 
of the arts—the flux and reflux of the sea—the 
flowing streams—-the roaring cataracts—-the stormy 
winds—the waving forests—the ships moving on 
the face of the deep—and the steam-carriages, 
with their hundreds of passengers flying along the 
railway course. There is not, perhaps, one out of 
a thousand of the earth’s inhabitants that has the 
least conception that—beside every other move- 
ment of which he is susceptible—he is carried 
along through the regions of infinite space with 
the rapidity of thousands of miles every hour. 
Yet this is a fact which is not merely probable, 
but certain, and can be demonstrated to the con- 
viction of every one who is willing and qualified 
to enter into such investigations. 

Could we take our station on the surface of the 
moon, we should behold the earth hanging like a 
great globe in the firmament, appearing witha sur- 
face about thirteen times larger than the moon 
does to us, and turning round its different sides to 
our eye—sometimes presenting the view of Ame- 

ea and the Pacific Ocean, and at other times, 
Asia, Africa, Rurope, and the A tlantic—sometimes 
appearing like a large crescent, or half moon, and 
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at other times with a full enlightened hemisphere. 
Were we placed on the surface of Venus, we 
should behold the globe on which we live appear- 
ing in the azure sky like a large, bright star, as that 
planet appears to us when an evening or morning 
star; and the moon, which appears so large in our 
firmament, would be seen only like a very small 
star, very near the earth, and constantly moving 
around it. At certain times, the earth would ap- 
pear nearly ten times larger than Venus does to us, 
and would present the appearance of a small bril- 
liant moon. Were we placed on the planet Mars, 
which,is much farther from the sun than Venus, 
the Earth would appear alternately as a morning 
and evening star, exhibiting different phases, as 
Venus does to us, but with a less degree of size 
and splendor. It might not, perhaps, shine with 
so much brilliancy as Venus, but it would probably 
appear with a luster similar to that which Mars 
presents to us. Nor need it be wondered at that 
the earth should appear as a luminous body from 
such distant positions; for we have demonstrative 
proof that Venus, Mars, and all the other planets, 
though they appear like shining orbs, are in reality 
dark bodies like the earth, and have no light of 
their own but what they receive from the sun; 
and it is only when the portions of their sides 
which are enlightened by the sun are turned to us 
that they are seen in the heavens. On some oc- 
casions, the dark side of Venus is completely 
turned toward the earth, and then she is invisible; 
and sometimes, when in this position, has been 
seen, like a dark spot, to pass across the face of 
the sun. These and other circumstances demon- 
strate that the planets are in themselves dark bo- 
dies, and shine only by reflection; and conse- 
quently that the earth, though a dark body, will 
appear to shine at a distance by reflecting the solar 
rays which fall upon-it, as the moon does to us. 

We have already proved, that, as a planet, the 
earth turns round its axis every twenty-four hours; 
and, in the sequel, we shall endeavor to show that 
it also moves round the sun in company with the 
other planets. In the meantime,we may take a 
brief view of the surface of our globe, which, in 
some of its features, may, perhaps, resemble those 
of some of the other planetary worlds, 

When we cast our eyes around us, and take a 
general survey of the surface of the earth, thou- 
sands of objects present themselves to the view 
which demand attention. One of the most obvi- 
ous and common arrangements which we behold 
in almost every country, is the verdant covering 
of the earth, which is formed by an assemblage of 
herbs, plants, shrubs, and trees of various shades, 
which diversify the landscape, and refresh the or- 
gans of vision; for there is no color so pleasing, 
and which refreshes the eye somuchas the various 
shades of green. When we enlarge the circle of 
our view by traveling through different countries, 
we behold objects of a more grand and magnifi- 
cent description; ranges of mountains, hundreds 
of miles in length, with their summits rising above 
the clouds, presenting a scene of rugged grandeur 
and sublimity; rivers, rolling their vast masses of 
waters, in courses of hundreds or thousands of 
miles toward the ocean, in which they are absorb- 
ed; the ocean itself, in its numerous windings, 
spreading its immense sheet of waters over more 
than half the globe, risingand subsiding at certain 
intervals, and forming a medium of communica- 
tion between the most distant regions of the globe. 
In various regions of the earth, we behold expan- 
sive lakes and inland seas diversified with nume- 
rous islands, lofty and abrupt precipices, capes 
and promontories, dashing cataracts, unfathomable 
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caverns, rapid whirlpools, avadgeiches hurling down 
the declivities of lofty mountains, the ieebergs of 
the polar regions, the luxuriant scenes of the tor- 
rid zone, and numerous volcanoes surrounded with 
smoke, and pouring forth from their craters, ashes, 
flames, red-hot stones, and streams of melted lava. 
on the surrounding regions. 

When we contemplate our globe in its largest 
and most general features, we find its surface di- 
vided from north to south by two large bands of 
earth, and two still larger bands of water, which 
exhibit a somewhat irregular appearance, present- 
ing a number of wavings and indentations, and a 
great difference of breadth in different places. 
The first band of earth is the Eastern Continent, 
comprehending Europe, Asia, and Africa, the 
greatest length of which is in a line beginning 
‘about the northern part of Tartary, and extending 
to the Cape of Good Hope, or from A to B, fig. 
31, which line measures about 10,000 miles from 
north-east to south-west. This body of land con- 
tains thirty-six millions of square miles, forming 
nearly one-fifth of the surface of the terraqueous 
globe. The other band of earth is the Western 
Continent, which comprehends North and South 
America. Its greatest length is in a line from 
the mouth of the river Plata, in South America, 
to the land beyond Hudson’s bay, or from C to D. 
This line measures eight thousand miles; and the 
whole of this continent contains fourteen millions 





Fig. 31. 





of square miles, being little more than one-third 
of the western continent. South-east of ihe west- 
ern continent is a large body of land, which may 
be considered as a third continent; namely, New 
Holland, which is 2400 miles in length, and 1809 
in breadth, and contains nearly three millions of 
square miles. Beside the bands of earth now 
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specified, there are numerous extensive portions 
of land dispersed throughout the ocean, such as 
the islands of Madagascar, Sumatra, Borneo, New 
Guinea, Great Britain, Ireland, and hundreds of 
others. 

Between the two large continents now stated, 
lie two immense bands of water, which are called 
the Pacific and the Atlantic oceans. The Pacific 
is at least 11,000 miles from north to south, and 
10,000 miles in breadth from east to west. The 
Atlantic is about 3000 miles broad from east te 
west, and more than 10,000 miles in length from 
north tosouth. It lies between the western shores 
of Europe and Africa, and the eastern shores of 
America. The Pacific occupies the whole range 
between the western coasts of America and the 
eastern coasts of Asia, occupying nearly the one- 
half of the globe- The relative positions of these 
continents and oceans will be seen by an inspec- 
tion of fig. 31, where it may be noticed that the 
projections of the eastern side of the American 
continent nearly correspond with the indentations 
of the western side of the eastern continent; so 
that, if we could conceive the two continents 
brought together, they would nearly correspond, 
so as to form one compact continent, with two or 
three small gulfs between them. The following 
are nearly the dimensions of the different oceans. 
The Pacific covers eighty millions of square miles; 
which is far more than the extent of all the dry 
land on the face of the earth. The Atlantic 
covers twenty-five millions; the Indian ocean, 
thirteen millions; the Southern dcean, twenty-five 
millions; the Northern ocean, five millions; the 
Mediterranean, one million; the Black Sea, 170,- 
000 square miles; the Baltic, 175,000; the North 
Sea, 160,000. And if, as La Place has estimated, 
the tides demand an average depth of three miles, 
the whole ocean will contain 450 millions of cubic 
miles. The whole surface of the ocean, then, 
contains about 149 millions of square miles, which 
is more than three times greater than the surface 
of the land, which contains only forty-nine mil- 
lions of square miles. 

Around this vast body of land and water the 
Creator has thrown an atmosphere, or body of 
air, which is as essential to the existence and com- 
fort of the living beings that dwell on its surface, 
as any other arrangement respecting our world. 
The denser part of this body of air extends to the 
hight of about forty-five miles above the surface 
of the earth, ‘but its density gradually decreases 
in proportion as we ascend into its higher regions; 
and at acertain hight it is unfit for respiration 
and giving play to the animal functions, This 
atmosphere, though almost impalpable to our 
senses, is now ascertained to be a compound sub- 
stance, composed of two very different and almost 
opposite substances, as to their qualities. One of 
its ingredients, which forms about four-fifths of 
the whole atmosphere, is of such a nature that no 
fire will burn init, and if man or other animals 
breathe it, life is almost instantly extinguished. 
The other ingredient, which forms only one-fifth 
of the atmosphere, is the principle of combustion, 
and produces the most rapid and splendid defla- 
gration of all combustible substances, and even a 
steel wire, made red hot, if plunged into this spe~ 
cies of air, will take fire and burn with the utmost 
brilliancy. Animals might breathe it for some 
time without much annoyance; but it would soon 
waste the functions of the animal system. It is 
by an admirable combination of these two oppo- 
site principles that the air we breathe is consti- 
tuted; and in this combination, the wisdom and 
goodness of our beneficent Creator is clearly ma- 
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nifested; for had these principles been combined 
in a very different proportion, pain, suffocation, 
or death might have been produced in all animals 
that breathed it. It is in this atmosphere that the 
birds fly, and the clouds are suspended—where 
rain, hail, and snow are formed—where a portion 
of the ocean, of the seas, and of the rivers, is 
continually ascending, to form those clouds whieh 
water and fructify the earth—it is the medium in 
which whirlwinds rage, and lightnings flash, and 
thunders roll; and were it swept from the earth, or 
were its constituent principles materially changed, 
every living being would soon disappear from all 
the regions of earth, uir,and sea. Were the Crea- 
tor disposed to destroy the human race on account 
of their transgressions, he has only to extract one 
of the ingredients which compose the atmosphere 
which surrounds us, and the awful catastrophe is 
at once accomplished; so that, in his “hand is 
the soul of every living thing, and the breath of 
all mankind.’ But his forbearance, in this re- 
spect, is a palpable evidence that he is “slow to 
anger,” “merciful and gracious,” “abundant in 
goodness,’* and that “his tender mercies are over 
all his works.”’ 

In regard to the magnitude of the earth, it may 
be stated that its circumference, or a line going 
quite round it, soe oe 24,912 miles; and, 
of course, its diameter, or a line passing from one 
side to another through its center, measures 7930 
miles,* and the number of square miles on its 
surface is about 197 millions. It has been ascer- 
tained, by various experiments and measurements, 
that the earth, strictly speaking, is not exactly of 
the shape of a globe, but of an oblate spheroid, 
being somewhat flattened at the poles, and having 
its polar diameter about twenty-six miles shorter 
than the diameter passing through the equator. 
But the difference is so small, compared with the 
whole bulk of the earth, that though a spheroid 
were constructed of the exact shape of the earth, 
and fifteen feet in diameter, it could not be distin- 
guished by the eye from a common globe. 


Tosome feaders it may appear somewhatstrange | 


that we should speak with so much confidence of 
the bulk and dimensions of the world we live in, 
which has never yet been completely explored; 
and they may, perhaps, wish to know how it is 
possible to determine its magnitude, figure, and 
other properties and relations. It must be con- 
fessed that to measure the earth, and determine 
its magnitude, and its exact figure, is one of the 
most wonderful enterprises which has ever been 
undertaken by man. How shall a creature, only 
six feet high, whose longest measures are yards, 
poles, and chains, be able to traverse every region 
of this great world, and measure its dimensions? 
His stature and his longest measures are, when 
compared with the whole earth, but as a grain of 
sand to a range of mountains. Beside, there are 
portions of the earth which have never yet been 
reached either by sea or land; and although he 
were to carry his measuring lines along with him, 
and extend them to furlongs, miles, and leagues, 
yet he could not go round the circumference of 





« As the circumference of a circle or globe is found by 
mathematicians to bear a certain definite proportion to the 
diameter—when the one is known the other is easily deter- 
mined by calculation, The proportion of the circumference 
of a circle to its diameter is nearly as 22 to 7—more accu- 
rately as 3.1416 to 1. ‘Therefore, if we multiply the circum- 
ference by 7, and divide the product, by 22, we obtain the 
diameter, nearly, And if we multiply the diameter by 22, 
and divide by 7, we obtain the circumference. But we ob- 
tain the result more accurately by multiplying the diameter 
by 3.1416, in order to obtain the circumference; and by di- 
viding the circumference by 3.1416, to obtain the diameter. 


| given in the preceding note (p.35). 
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the earth to obtain itsexact measure. Mountains, 
rivers, seas, and oceans, and many ot)1er obstacles 
would be continual impediments in his way, and 
would soon put an entire stop to his progress, and 
the attainment of his object. But, notwithstand- 
ing such difficulties, man, by the exercise of his 
rational powers, and the knowledge he has ac- 
quired of the positions and motions of the hea- 
venly bodies, has been enabled to determine, to a 
very near approximation, the exact dimensions of 
his earthly habitation, without putting himself to 
the trouble of traveling to the most distant re- 
gions, or even removing from the land of his na- 
tivity. 

When the earth was ascertained to be nearly 
of a globular figure, and when the method was 
discovered of finding the distance of any place 
from the equator,* or, in other words, its latitude, 
a foundation was laid for finding the cireumfer- 
ence, and other dimensions of the globe. Every 
circle, or every circumference of a sphere, whe- 
ther great or small, is divided into three hun- 
dred and sixty equal parts. This number, three 
hundred and sixty, is arbitrary, and any other 
number, such as four hundred, six hundred, or 
one thousand, might have been fixed upon; but 
mathematicians, in most countries, have fixed 
upon three hundred and sixty as the number of 
degrees or divisions in a circle; because, in the 
first place, it was formerly supposed to be about 
the number of days in a year, and in the next 
place, because it is a number that may be divided 
into halves, quarters, and eighths, without frac- 
tions. Now, in order to obtain the dimensions of 
the earth, it was only necessary that one degree 
on its surface should be accurately measured in 
order to obtain the whole circumference. To 
accomplish this, we must draw a meridian line 
—that is, a line that runs directly north and 
south, at any place we make choice of for the 
first station, and find the latitude or hight of the 
pole at that particular place. We must then pro-. 
long the meridian line, either northward, until 
we come toa place where the latitude is exactly 
one degree more—or southward, until it is one: 
degree less than at the first station. We must: 
then measure the distance between these two. 


| places, in miles, leagues, yards, or any other 


known measures; and then we obtain the number 
of miles, ete., contained in one degree, or the 
three hundred and sixtieth part of the earth’s cir- 
cumference; and the number of miles, etc., con- 
tained in one degree, being multiplied by three 
hundred and sixty, gives the whole circumference 
of the earth. And when the circumference is 
obtained, the diameter may be found by the rule 
And when 
the circumference and diameter are known, the 
number, of square miles on its surface, and the 
number of cubical miles in its solidity may be 
obtained by an easy calculation. But although 
one degree accurately measured would determine 
the dimensions of the earth, yet more accuracy 
is obtained by measuring three, five, eight, or ten 
degrees, as has been done by soveral European 
nations. 

On the general principle now stated, Mr. Rich- 
ard Norwood, in the year 1635, attempted to find 
the circumference of the, earth by measuring a 
meridian line between Madan and York. ‘He 





* The equator is a great circle of the earth, equally dis- 
tant from the north and south poles, and divides the globe 
into two equal parts called the northern and southern hemi- 
spheres, From this circle the latitudes of places are count- 
ed, either northward or southward, It is represented by the 
line E Q, in fig. 31. 
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took the sun’s altitude when in the summer sol- 
stice, both at London and York,-with a sextant of 
eight feet radius, and by that means found the 
difference of latitude between these two cities to 
be two degrees and twenty-eight minutes. He 
then measured their distance, in as exact a man- 
ner as possible; and haying taken into the account 
all the turnings and windings of the road, with 
the ascents and descents, he reduced it to an arc 
of the meridian, and found it to contain 12,849 
chains; and this distance being compared with 
the difference of latitude, gave 5,209 chains, 
or 367,200 English feet to a degree, which is 
equal to sixty-nine and a half miles and four- 
teen poles, and which was considered as a near 
approximation to the truth, according to which 
the circumference of the earth would be about 
25,035 miles. Since his time, various admeasure- 
ments have been made of different parts of the 
earth’s surface, from which its extent has been 
still more accurately ascertained. The French 
have measured a meridian line extending from 
Dunkirk to Formentara, an island in the Mediter- 
ranean, an extent of about eight degrees; and a 
trigonometrical survey, for the same purpose, 
‘under the direction of the British Government, 
has lately been extended over Great Britain. 
From all the admeasurements hitherto made, it 
appears that, on an average, a degree of the mer- 
idian may be reckoned at sixty-nine and one-fifth 
English miles; which makes the circumference of 
the globe 24,912 miles. It may just be noticed 
further, on this point, that, as the earth is not an 
exact sphere, but a spheroid, a degree of latitude 
must measure more in the polar regions than near 
the equator. [rom actual measurements, it has 
been found that a degree of the meridian in Lap- 
land, measures six and a half English furlongs 
more than a degree at the equator. 


2.—Proofs of the annual motion of the Earth. 


We have formerly demonstrated the diurnal 
rotation of the earth, which causes the appearance 
of the rising and setting of the sun, moon, and 
stars. We now proceed to state very briefly some 
of those considerations or arguments by which it 
is proved that the earth revolves round the sun, 
as the center of the system, once every year. 

In the first place, there are certain general con- 
siderations that render it highly probable, if not 
certain, that the earth must have a motion round 
the sun. If we admit the annual motion of the 
earth, then all the phenomena of the heavens, and 
the apparent irregularities of the planetary mo- 
tions are completely accounted for, and the whole 
system presents a scene of unity, harmony, and 
order, worthy of the perfections and the plans of 
Him who is “the only wise God,’’—who “hath 
established the world by his wisdom, and hath 
stretched out the heavens by his understanding.” 
Whereas if the earth be supposed at rest in the 
center of the system, the order and harmony of 
the solar system appears completely destroyed, 
the motions of the planets present an inextricable 
maze, their phenomena cannot be accounted for 
on any rational principles, and no evidence of 
wisdom can be traced in the arrangements of the 
system to which they belong. Again, the sun is 
the fountain of light and heat for irradiating and 
cheering all the planets and other moving bodies 
of the system, and therefore it is necessary that 
this luminous orb should be placed in the center, 
from which position alone its rays can be distri- 
buted in proper proportions to all the worlds 
which revolve around it. Were the earth at rest 
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in the center of the system, and the sun and the 
planets revolving around it, as was formerly sup- 
posed, the planets would be at certain times at 
very different distances from the sun; and conse- 
quently, in one part of their orbits, they would 
be scorched with snperabundant heat, and in an- 
other part frozen with insufferable cold. But 
from the center of the system the emanations of 
light and heat can be equally distributed to all the 
planets, whether primary or secondary; and the 
whole presents to view asystem of harmony and 
order. 

The following summary of arguments on this 
point—did our limits permit us to explain and 
illustrate them—would appear demonstrative to 
every one who is acquainted with the subject. 
1. The planets Mercury and Venus are observed 
to have two conjunctions with the sun, but are 
never in opposition to that luminary, that is, they 
are never seen in the east, or opposite part of the 
heavens, when the sun has just set in the west. 
Now this circumstance could not possibly happen, 
unless the orbits of these planets lay within the 
orbit of the earth. If they revolved around the 
earth as a center, as the ancients supposed, they 
might frequently be seen in opposition to the sun, 
2. The greatest elongation, or distance, of Mer- 
cury from the sun ilicnty-nine degrees; and 
the greatest elongation of Venus, or the distance 
to which it ever recedes from the sun, is forty- 
eight degrees, which correspond exactly with the 
distances assigned them in the system; but if 
they moved round the earth as a center, they 
would sometimes be seen one hundred and eighty 
degrees from the sun,—a circumstance which 
was never observed either in ancient or modern 
times. 3. The planets, Mars, Jupiter, and Sat- 
urn, and all the other superior planets, have each 
their conjunctions with the sun, and oppositions 
to him, which could not be unless their orbits 
were exterior to the orbit of the earth. 4. In the 
arrangement of the planets—according to the 
system which places the sun in the center—they 
will all be sometimes much nearer the earth than 
at other times; and, consequently, their brightness 
and apparent diameters will be proportionally 
greater at. one period than at another, which. cor- 
responds with every day’s observations. But ac- 
cording to the system which places the earth in 
the center, their apparent magnitudes should al- 
ways be the same, which is contrary to fact; the 
planet Mars, for instance, being in one part of its 
course, five times nearer the earth than in an- 
other, and consequently appearing twenty-five 
times larger in surface. 5. All the planets, in 
their movements through the heavens, are seen 
sometimes to move toward the east, sometimes 
toward the west; and at certain points of their 
orbits, they appear fixed for some time in the 
same position; all which diversities of apparent mo- 
tion are the necessary results of the earth’s annual 
motion, and are completely accounted for, when 
the sun is considered as the center of the system, 
and the earth as revolving between the orbits of 
Mars and Venus. But they are altogether inex- 
plicable, on the supposition that the earth is at 
rest in the center of the system. 6. When the 
planets Mercury and Venus are viewed through 
good telescopes, they are found to assume different 
phases, in different parts of their orbits, some- 
times appearing gibbous, sometimes like a half 
moon, and at other times like a crescent, ora full 
enlightened hemisphere—as formerly explained; 
which could never happen, if they revolved round 
the earth as their center, and if the earth were not 
placed in an orbit exterior to that of Venus, But 
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such phases are the necessary result of this posi- 
tion of the earth in thesolar system. 7. The law 
discovered by Kepler, that “the squares of the 
periodic times of the revolutions of the planets 
are in proportion to the cubes of their mean dis- 
tances from the sun,’ is,a law which is established 
on the most accurate observations, and by which 
all the planets, both primary and secondary, are 
regulated. For example, Venus revolves round 
the sun in 224 days, and the earth in 365, and the 
mean distance of the earth,from the sun is ninety- 
five millions of miles. Hence, as the square of 
365—=133,225, is to the square of 224—50,176, so 
is the cube of 95,000,000—857,375,000,000,000,- 
000,000,000 to a fourth number, which is the cube 
of the mean distance of Venus from the sun. 
And if the cube root of this number be found, it 
will give about sixty-eight millions of miles for 
her real mean distance. But this law, which ap- 
plies to all the heavenly bodies without exception, 
is completely set aside and destroyed, were the 
sun and planets to be considered as moving round 
the earth as the center of their motions. In short, 
were we to suppose the earth at rest in the center 
of the planetary system, the motions of all the 
planets would present a scene of inextricable 
confusion— a scene of such disorder and confu- 
sion, as would puzzle not only man, but the most 
intelligent archangel to aiiunt for, and to explain 
in consistency with the perfections of a Being of 
infinite wisdom and intelligence.* 

The most complete and sensible demonstration 
of the annual motion of the earth is furnished hy 
Dr. Bradley’s discovery of “the aberration of the 
light of the fixed stars.’’? In endeavoring to de- 
termine the annual parallax of the stars, he dis- 
covered that they are not motionless, but that, 
during the time the earth takes to traverse its 
orbit, such of them as are in a plane perpendic- 
ular to this orbit, appear to describe circles. 
This is the phenomenon called “the aberration 
of light,’ which is found to be the motion of 
light combined with the progressive motion of 
the earth in its orbit, which causes the stars to 
be seen in a different position from what they 
would be if the eye were at rest. But as the 
explanation of this phenomenon would require 
some minute details, and several figures for its 
illustration, and as it might not be understood by 
general readers, we will defer in the meantime 
from entering upon any further statements. We 
may just remark, thatthe fact of the aberration 
of the stars exhibits the motion of the earth to 
our senses as clearly as if, from a fixed point in 
the heavens, we actually beheld it pursuing its 
course through the ethereal regions. 

It is of importance that we acquire clear and 
convincing views on this subject, in order that 
we may entertain correct and honorable concep- 
tions of the perfections of the Creator, and of the 
wisdom and intelligence displayed in the arrange- 
ments of his works. For, in all cases, we judge 
of the character and perfections of the designer 
and workman from the qualities and perfections 
which appear in their works. If we view the 
works of the Almighty through a distorted medi- 
um, we shall be apt to entertain incorrect and 
distorted views of the attributes of Him who de- 
signed and formed them. If we view the earth 
as at rest in the center of creation, and the sun, 





* Those who would wish to see a fu!l illustration of the 
above arguments are referred to “* Celestial Scenery, or the 
Wonitlers of the Planetary System Displayed;’*[Vol. IT, 
Book 2, of this edition,] where these and several other argu- 
ments are illustrated in minute detail, and by reference to 
engravings. 
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moon, planets, comets, and stars—in other words, 
the whole universe—revolving around us every 
day, with motions so rapid as to exceed all calcu- 
lation and comprehension ; or if we suppose the 
planets moving backward and forward without 
any order, and presenting in their motions a 
series of looped curves and mazes without any 
marks of design, and exhibting a scene of inex- 
tricable confusion; weshould scarcely be led to en- 
tertain high and honorable conceptions of the wis- 
dom of Him who formed such arrangements; for 
the marks of Divine intelligence, on such suppo- 
sitions, would nowhere appear. Whereas, in the 
true system of the universe which science has 
laid open, the marks of wisdom and intelligence, 
harmony and design, are everywhere anparent, 
and present a scene of operation worthy of the 
perfections of Him who “established the world 
by his wisdom,” and whose “understanding is 
infinite.” Hence the necessity of acquiring cor- 
rect views of the works of creation and provi- 
dence, and of the arrangements which exist in 
reference to our world, and to the universe around 
us; for upon such views our conceptions of the 
great cbject of our adoration will, in a great 
measure, depend. When, therefore, we obey the 
Divine command and “lift up our eyes on high, 
and behold the wonders of Almighty Power,” 
and “stand still and consider the wonderful works 
of God,” we are to contemplate them, not through 
the mists of ignorance, or vulgar prejudice, nor 
with the vacant stare of a savage; but witn the 
eye of a Christian philosopher, and through the 
Jight which modern science has diffused over the 
wonders of creation; and the more we contem- 
plate them in this light, the more clear and ex- 
pansive will our conceptions be of the attributes 
of the “high and lofty One who inhabiteth eter- 
nity,’? and who presides over all the movements 
of the universe. 


(3.)—Phenomena arising from the annual motion 
of the earth. 


In the first place, if the earth revolve around 
the sun once every year, it is evident that the sun 
will appear to make a revolution round the hea- 
vens in the same period. In fig 32, let S repre- 


Fig. 32. 





sent the sun at rest in the center, and ABCD 
the earth in four positions; and let us suppose the 
earth to move in the order of the letters A B C D; 
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it is evident that when the earth is at A, the sun 
will appear in that part of the heavens where the 
stars at G are situate. When the earth has 
moved to B, the sun will appear to have moved 
to the stars opposite H; and in like manner, 
when the earth has moved to C, the sun will ap- 
pear opposite to E; and when it has moved to 
D, the sun will appear at F; after which it will 
again appear at G, when the earth has moved to 
A. And as the earth revolves around the stn 
in the orbit'A BC D, so the sun will appear to a 
spectator on the earth to deseribe the circle in the 
heavens EF GH. Hence itis that we see the 
sun gradually proceeding in his course round the 
concave of the sky from west to east at the rate 
of nearly one degree every day, through the 
twelve signs or constellations of the zodiac; and 
at the end of a year, he returns to the same 
point from which he set out. Hence also it 
follows, that if the plane of the earth’s orbit 
be imagined to be extended to the heavens, it 
would cut the starry firmament in that very 
circle in which a spectator in the sun would 
see the earth revolve every year, while an inhabi- 
tant of the earth would observe the sun to go 
through the same circle in the same space of 
time. This circle is called the Ecliptic, or the 
apparent path of the sun through the heavens. 
And, although the path of the sun, and the 
particular stars he is passing along, cannot be 
seen in the day-time, yet, from observing the 
stars that are directly opposite to him at night, 
we can tell at any time what particular stars 
the sun is passing along in every part of his 
course. 

The inhabitants of all the other planets will 
perceive similar motions in the sun as we ob- 
served, but performed in different periods of time, 
according to the times of their annual revolu- 
tions. For example, an inhabitant of Jupiter 
would see the sun apparently revolving around 
him, describing a circle in the heavens in the 
space of twelve years. This circle would not be 
exactly the same as our ecliptic, because the orbit 
of this planet is somewhat inclined to the orbit 
of the earth; but it would pass very near it. 
In the course of one of our years the sun, from 
Jupiter, would appear to pass through only a 
twelfth part of the circumference of the hea- 
vens. The sun from Saturn will appear to move 
in another circle in twenty-nine years and a half; 
and a spectator in Venus will see the sun moving 
in a circle different from all these, with greater 
apparent rapidity, in the space of seven and a 
half months. All these apparent motions of the 
sun arise from the real motions of the respective 
planets. 

In the next place, the annual revolution of the 
earth shows the reason why we behold one set of 
stars in our firmament at one season of the year, 
and another set of stars at a different season. 
For example, in our latitude, the stars, and con- 
stellations which are seen during the winter 
months, in the south, are altogether different from 
those which are seen in summer; and those stars 
which surround the pole in the north, and which 
never set, if they are below the pole in winter, 
they will be seen as far above the pole in summer. 
At the equator, where all the stars rise and set, 
the stars which appear in the middle of winter 
are all completely different from those which are 
seen at the same hour in the middle of summer. 
This is easily explained by the preceding diagram 
(fig. 22), in which the earth, in four situations in 
ts orbit, appears half enlightened and half in 
the dark, representing day and night. When it 
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is at A, the sun will appear at noon at G, and ¢- 
scure all the stars in the hemisphere F G H; 
whereas at midnight the point of the heavens E 
will be in the meridian, and all the stars in the 
other hemisphere F E H will be visible. Three 
months afterward, when the earth comes to the 


|) situation B; the sun at noon will be seen at H, 


and all the heavens G H E will be day, illumi+ 
nated by the sun; and over all the other half E 
F G, the stars will shine at night. Consequently, 
the stars in the quarter F G will now be visible, 
which in the former position were obscured by the 
sun, and those in the quarter H E, formerly. visi- 
ble, will become obscured by day-light. In like 
manner, when the earth is at C, the heavens H 
E F will be day, and F G H night, where all the 
stars which were obscured, when the earth was 
at A, will now be visible. And, lastly, when the 
earth is at D, the stars and constellations in the 
hemisphere E F G, will be obseured by the light 
of the sun, and those on GH E will be visible 
during the night. Hence, every one who is ac- 
customed to look at the heavens will have observ- 
ed that the bright constellation Orion, the brilli- 
ant star Sirius, which follows it, and the Pleiades, 
or seven stars, which are visible in the southern 
part of the firmament during winter and the ap- 
proach of spring, are bed seen during the sum- 
mer months, because sun is then illuminating 
that portion of the heavens where they are situate; 
but they may be seen in the day-time by means 
of equatorial telescopes. 


(4.)—On the destination of the earth, or the final 
cause of tts creation. 


In the creation of the material universe, the 
Creatur must have had some grand designs in 
view, beside the mere formation of immense 
globes of matter and setting them in motion, 
and arranging them into systems. In so far as 
we are able to penetrate, it appears demonstrable 
that matter exists chiefly, if not solely, for the 
sake of sentient and intellectual beings. This 
evidently appears to have been the chief design 
for which our globe was created; and we have the 
strongest reason to conclude that this was the 
main end for which all the other planetary globes 
belonging to the solar system and to other sys- 
tems, were brought into existence. Hence it is 
declared in the sacred oracles, when reference is 
made to the formation of our globe, “God formed 
the earth and made it;—he created it not in vain; 
he formed it to be inhabited ;”? which evidently 
implies, that to have created it without the design 
of its being inhabited, would have been an in- 
stance of folly inconsistent with the perfections 
of Him whose wisdom and intelligence are infi- 
nite; and the same reasoning will apply to all the 
other planets, which appear to be furnished with 
every accommodation adapted to sensitive and in- 
tellectual enjoyment. 

In peopling the earth and other globes with in- 
habitants, the Creator evidently intended to give a 
display of his perfections to beings capable of con- 
templating it, and to promote their sensitive and 
mental enjoyment. The happiness of his crea- 
tures must have been one grand design which the 
Creator had in view, when he breathed into them 
the breath of life,and made them rational and im- 
mortal beings. Accordingly, we find that when 
man was at first placed upon this globe, every- 
thing that was beautiful to the eye and the imagi- 
nation, and pleasant to the taste, was prepared for 
his accommodation and comfort. The waters 
were separated from the dry land—the earth was 
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adornea with verdure—rivers and refreshing 
streams flowed around him to increase his pleas- 
ures—trees, and plants, and flowers of every form 
and hue diversified and embellished the landscape. 
Light was formed, and celestial luminaries ap- 
pointed to diffuse its radiance—a canopy was 
thrown around his habitation adorned with thou- 
sands of shining orbs, to elevate his contempla- 
tions to other provinces of his Creator’s do- 
minions—every plant and tree yielding delicious 
fruit was provided to gratify his taste, and afford 
him sustenance; and all the inferior ranks of sen- 
Sitive existence were placed under his dominion. 
One chief design of the Almighty, in these ar- 
rangements, was to show man his dependence, to 
make him an adorer,and a being capable of know- 
ing and honoring his Creator and bountiful Bene- 
factor. He gave hima law which implied supreme 
love to his Maker, and obedience to his will; and 


as an external sign of his obedience he said to | 


him: “ Behold all the trees of the garden in which 
I have placed thee; of every one of them thou 
mayest freely eat—only thou shalt forbear eating 
the fruit of the tree of knowledge.”? This reserve 
—which has been so frequently objected to—did 
in reality constitute the chief glory of man. None 
of the inferior animals knew their origin or their 
Benefactor, they could give no testimony of grati- 
tude, nor could they exhibit any shadow of reli- 
gion. Man alone was elevated to a rank, and en- 
dowed with faculties so as to know to whom he 
is indebted for all his enjoyments—and he alone 
was taught to express his gratitude to the Giver 
of all good! ‘This constituted the true glory of 
man, and his superiority over all the other tribes 
of sensitive existence.. It was a great and honora- 
ble prerogative conferred upon him to be able to 
obey his Benefactor, and to adore the hand which 
had loaded him with blessings: and therefore it 
was proper that a visible emblem of his obedience, 
or the contrary, should be continually before his 
eyes. The supreme Creator stood in no need 
either of the fruit of a certain tree, or of the 
opinions or sentiments of man respecting it. But 
it was fit that man should make an express pro- 
fession of his gratitude and veneration: and there- 
fore the sole exception which God made in his 
first transaction with man, was at once the me- 
morial of his gratitude, and the public expression 
of his piety and submission to the divine will. 
But we know that man did not remain in his 
primeval state of innocence and happiness, but by 
his disobedience “‘ brought death into the world, 
and all our woe.” For proof of this position, we 
have no need to enter into long trains of reason- 
ing, or even to appeal to the records of revelation. 
The fact of man’s fall and disobedience is written 
on the whole history of our world from the earliest 
ages to the present time. For what does the his- 
tory of all nations chiefly record? It presents to 
our view little else than wars and commotions, con- 
tentions, and animosities, and ‘garments rolled 
m blood.”? One nation rising up against another, 
carrying fire and sword, and all the engines of de- 
struction into a peaceful territory—laying waste 
provinces, burning cities, turning fruitful fields 
mto a wilderness, and slaughtering, with diaboli- 
cal fury, thousands and tens of thousands of their 
fellow-men. This has been one of the chief em- 
ployments of all the tribes and nations that have 
ever dwelt on the face of the earth; and this fact, 
of itself, is a sufficient proof that man is no longer 
in his primeval condition of paradisaical inno- 
cence and rectitude, but is fallen from his high 
estate, and his glory turned into shame. We 
trust there is not another instance of creatures 
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endowed with rational faculties, and formed after 
the Divine image, acting in this way, to be found 
among all the other worlds of the universe. And 
were we not accustomed to witness such infernal 
passions and atrocities, and to behold men glorying 
in that which is their shame, we should be filled 
with utter astonishment and wonder that such 
horrible actions should be perpetrated on each 
other by brethren of the same family, children of 
the same Father, and beings destined to an im- 
mortal existence. 

But the benevolent Father of all did not intend 
that this moral derangement should be universal 
and perpetual. As soon as man had fallen from 
his allegiance to his Maker he displayed his char- 
acter as a God of mercy, and ready to forgive. 
He declared that the seed of the woman should 
bruise the head of the serpent—that an illustrious 
Messenger, invested with Divine power and au- 
thority, should be sent into the world at a proper 
time, to repair the ruins of the fall; ‘to finish 
transgression, and to make an end of sins;’’—to 
bear the sins of many, and make “intercession 
for the transgressors.’ Preparatory to the advent 
of this Divine Messenger, certain families were 
selected in which the knowledge of the true God 
might be preserved—a certain nation, before whom 
astonishing miracles had been displayed, was 
chosen as the depository of Divine revelations— 
a ceremonial worship was instituted, prefigurative 
of the events and blessings of Messiah’s reign; 
prophets were raised up to announce the coming 
of the great Deliverer, and the glorious results of 
his administration—the events of Divine Provi- 
dence toward the nations were overruled and di- 
rected in such a manner, as to bring about the 
advent of the promised Messiah in all the circum- 
stances which prophets foretold, and which God 
had appointed; and, when the predicted period 
had arrived, a retinue of celestial messengers was 
dispatched from heaven to earth to announce the 
appearance of “the Son of the Highest,”’ of the 
increase of whose government there should be no 
end, and to proclaim “ glory to God in the highest, 
and on earth peace, good-will toward men.”? And 
when this Deliverer appeared on the public thea- 
ter of the world, he exhibited the most convincing 
proofs of his Divine mission by the most astonish- 
ing and beneficent miracles, displaying his power 
over the laws and the elements of nature—the 
spirits of darkness and the disorders of the human 
frame—* healing all manner of sickness and dis- 
ease;’’ causing the deaf to hear, the blind to see, 
the lame to walk, and the tongue of the dumb to 
sing—raising the dead to life, and recalling the 
departed spirit from the invisible world. And, at 
length, when the great Sacrifice for the sins of 
men was about to be offered, a series of the most 
august and striking supernatural events attended 
its accomplishment—the sun was clad in black, 
the heavens were arrayed in sackcloth, darkness 
for three hours covered the whole land, the vail 
of the Jewish temple was rent in twain from the 
top to the bottom, the earth trembled and shook, 
the rocks rent asunder, the graves were opened, 
and many bodies of saints that slept in the tombs 
arose to life. On the third morning after this 
solemn scene, the ‘‘ Prince of Peace’’ arose victo- 
rious from the grave, showed himself openly to 
competent witnesses of his resurrection; and after- 
ward, rising above the confines of this earthly 
ball, winged his flight on a resplendent cloud, 
attended by myriads of ange!s, through distant 
regions which ‘eye hath not seen,’’ and entered 
into heaven itself, there to “appear in the presence 
of God for us.” 
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Tn consequence of these astonishing and benevo- 
lent arrangements, all men, everywhere, are now 
commanded to repent, with the full assurance 
that they shall obtain pardon, peace, and recon- 
ciliation, and every blessing requisite for their 
happiness in the present world and in the life to 
‘come. 
High to all the children of men: “God so loved 
the world, that he gave his only begotten Son, 
that whosoever believeth in him should not perish, 
but have everlasting life.’ ‘“* Whom God hath set 
forth to be a propitiation through faith in his 
blood, to declare his righteousness for the remis- 
sion of sins.’’? “ This is the record, that God hath 
given to us eternal life, and this life is in his Son.”’ 
These announcements are made to all the inhabi- 
tants of this world, however vile, and however 
atrocious the deeds they may have committed— 
to the ferocious warrior that has slaughtered 
thousands, and to those who have long wallowed 
in the mire of depravity and licentiousness, as 
well as to those who have manifested some exter- 
nal decency of conduct. For He who is exalted 
as a Prince and a Saviour “is able also to save 
them to the uttermost that come unto God by 
him.’’ And if we believe the record of God, and 
rest upon it as the declaration of a faithful Crea- 
tor, we shall endeavor ‘‘to abound in all the fruits 
of righteousness’’—to cultivate love toward God 
and toward man—to add to our faith virtue, 
knowledge, temperance, patience, brotherly kind- 
ness, and charity,’’ and every other Christian dis- 
position and virtue which will tend to prepare us 
for the intercourses and employments of that 
higher sphere of existence where all is peace, and 
harmony, and love. 

One reason why the benevolent arrangements 
which have been made for the happiness of man 
have been so long kept hid from the greater part 
of the world, and moral evil has been permitted to 
abound, doubtless is, that an extensive and im- 
pressive display might be given of the dismal and 
miserable consequences which necessarily flow 
from refusing allegiance to the Most High, and 
from a violation of his laws—to serve as a warning 
not only to the inhabitants of our globe, but to 
the inhabitants of other worlds of the necessity 
of submitting to the will of the Supreme, and of 
the inevitable disastrous effects which flow from 
the prevalence of moral evil. For if the funda- 
mental laws of heaven—love to God and to man-= 
were to be reversed, or universally violated, misery 
would pervade the whole moral universe, although 
it consisted of millions of worlds; and happiness 
could never be enjoyed by any rank of intelligent 
existence. But, however dismal a scene may 
have been presented to view, in the ages that are 
past, we are assured that a period is approaching 
—foretold by inspired prophets—when the world 
shall be regenerated, when “ wars shall cease even 
to the end of the earth;”’ when violence and op- 
pression and all unrighteousness shall be under- 
mined and destroyed; when “the kingdoms of 
this world shall become the kingdoms of our Lord, 
and of his Christ;’? when “every one shall sit 
under his vine and fig-tree,” without the least 
fear of annoyance; when “the earth shall be 
full of the knowledge of the Lord, as the waters 
cover the sea,” and “the Lord God will cause 
righteousness and praise to spring forth before all 
the nations.”” Then the antipathies of nations 
shall be destroyed; “ the earth shall yield her in- 
crease;’’ its desolate wastes shall be cultivated, 
and its ruins restored, and all people ‘shall dwell 
in a peaceable habitation and in sure dwellings, 
und in quiet resting-places.”? And when the pur- 


For thus runs the message of the Most 
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poses of Divine Providence shall have been fulfilled 
in regard to the presént state of our globe, its con- 
stitution shall be changed, its elementary parts 
dissolved; and “new heavens and a new earth’’ 
shall arise wherein righteousness shall forever 
dwell. Suelr is the destination of our world, and 
such are the arrangements which its Creator has 
made in reference to its inhabitants. 

Some readers may, perhaps, be disposed to say, 
‘What has all this theological dissertation to do 
with astronomy? we do not see that it has any 
connection with a description of the solar system.” 
On this point we beg leave to differ from such 
objectors. What is the material universe, when 
separated from its reference to the Creator, and 
its relation to intelligent beings? A mere ma- 
chine, which displays nothing but uncontrollable 
power acting at random, without the least trace 
of wisdom, benevolence, or rectitude. To view 
the planetary system, or other systems, as consist- 
ing merely of a number of large globes, wheeling 
round their axes, and round their suns, in certain 
periods of time, is to overlook some of the grand- 
est and most interesting objects of astronomy. 
To suppose all the orbs of heaven to be self-exist- 
ent and self-moving is absurdity and atheism: and 
to suppose the Creator to have formed them merely 
as so many august and splendid pieces of ma- 
chinery, without any relation to intellectual na- 
tures, is inconsistent with every idea we ought to 
form of the attributes of the Divinity. The re- 
lation of the material system to intellectual be- 
ings ought, therefore, to be connected with astro- 
nomical investigations. We know not, indeed, 
the physical and moral characteristics of the in- 
habitants of Venus, Jupiter, or other planets; but 
we know, for certain, that if they be in a state of 
primeval innocence and happiness, they obey the 
two grand principles of the law prescribed to the 
inhabitants of our world—* Love to their Creator, 
and love to one another,’ without the observance 
of which precepts, true happiness cannot be en- 
joyed in any world in the universe, and the whole 
material creation would be nothing else than a 
boundless Pandemonium. We know that these 
precepts have been gencrally violated in our world; 
and hence the wars, devastations, insurrections, 
systems of oppression and iniquity, and other 
evils, which have produced so much misery and 
wretchedness among the population of our globo. 
And shall it be considered as improper and un- 
philosophical, that, in describing the material fa- 
brie of the world, those arrangements which the 
Almighty has formed for the regeneration of so- 
ciety, and the happiness of the human race, 
should be occasionally adverted to and detailed? 
We must demur to such a sentiment. Philosophy 
has been too long dissevered from its connection 
with religion—to which it ought ever to be allied; 
and it is now high time that every department of 
human knowledge should be studied in:‘connection 
with the moral arrangements of the Almighty, 
the renovation of the world, and the eternal des- 
tiny of man. The sciences, when disjoined from 
such connections, lose the greater part of their 
value, and can be considered as useful only in 
reference to the concerns of this world, and the 
transitory duration of the life of man. Whereas, 
when studied with right views, and in all their 
legitimate connections and relations, they bear an 
intimate relation to the Divinity, to the progress 
and expansion of the human mind to other worlds, 
and to the scenes and employments of an immor- 
tal existence. 

In reference to the earth, we shall now only 
State the following circumstances: The number 
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of inhabitants which people the earth at one time 
-is estimated at eight hundred millions—of these, 
five hundred millions are reckoned to Asia; fifty- 
eight millions to Africa; forty-two millions to 
America; and two hundred millions to Europe. 
Of these assemblages of human beings, twenty- 
five millions die every year, sixty-eight thousand 
every day, two thousand eight hundred and fifty 
every hour, and forty-seven every minute; so that 
at almost every pulse that beats within us, an im- 
mortal being is passing from time into eternity, 
from this visible and material world to another 
scene of existence—a solemn and important con- 
sideration to every one of us who must shortly 
follow, in our turn, the generations that have 
gone beforeus. If we reckon thirty-two years as 
the average period for a generation, as has been 
generally done—at the end of which period the 
whole human race is renewed, with a few excep- 
tions; it will follow, that one hundred and forty- 
six thousand two hundred millions of human be- 
ings have existed on our globe, since its present 
arrangement commenced, reckoning 5849 years 
from the formation of Adam to the present time. 
But if we make our estimate according to the 
Samaritan and the Septuagint chronology, 7256 
years are to be reckoned from Adam to the present 
time; and consequently, if mankind had never 
died, there would have been, at present, on the 
surface of the globe, 182,800,000,000: that is, 
one hundred and eighty-two thousand eight hun- 
dred millions of human beings. Whether the 
earth would have furnished subsistence for such 
‘a population is left to Malthusians and political 
economists to determine. But it appears, in point 
of fact, that the Creator never intended that such 
a number of the human species should remain on 
the earth at one time, in its present state; though 
it might easily be shown, that were all the habit- 
able parts of the globe properly cultivated, it 
would support at least sixteen thousand millions 
of human beings, or twenty times the number 
that now exist on its surface, while each family 
would have an estate of twelve.acres of land for 
its support. But the inferior tribes of animals are 
far more numerous than the amount of all the 
human inhabitants that have ever dwelt on the 
earth, from Adam to the last new-born child. At 
a rude calculation, the inferior tribes connected 
with the air, the waters, and the dry land, at one 
time, cannot amount to less than thirty billions 
of living beings; which is 164 times the number 
of all the human beings that have ever appeared 
on the earth. As one instance out of many of 
the immense numbers of certain species of ani- 
mals, we may mention what Mr. Wilson states, 
in his “ American Ornithology,” that a single 
flock of the migratory pigeon of the United States 
was found to be about a mile in breadth and 240 
miles in Jength—having occupied four hours in 
passing across the country; which flock, by a 
moderate calculation, was estimated to contain 
two thousand two hundred and thirty millions, 
which is nearly three times the human population 
of the globe. 

We may just farther make the following state- 
ments in reference to the earth. In its course 
round the sun, it moves in an elliptical orbit, the 
longer diameter of which is 3,236,000 miles great- 
er than the shorter, and consequently it is nearer 
the sun at one season of the year than at another. 
The time of its annual revolution is 365 days, 5 
hours, 48 minutes, 49 seconds, which is called the 
tropical year; but the time it takes in moving 
from a fixed star until it returns to it again is 365 
days, 6 hours, 9 minutes 12 seconds,—which is 
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called its sidereal year. With regard to the den- 
sity of the earth, it is found to be about five times 
denser than water; so that could we suppese five 
globes as large as the earth composed of water, 
suspended at one end of an immense balance, and 
the earth at the other, they would nearly counter- 
poise each other. 


SECTION YV. 
ON THE MOON. 


Tue moon is the nearest of all the celestial 
bodies to the earth, and is its constant attendant 
during its revolution round the sun. It belongs 
to that class of bodies called secondary planets, or 
satellites. A primary planet is one which revolves 
around the sun as its center: a secondary planet 
is a body which revolves around a primary planet 
as its center of motion, and is at the same time 
carried along with its primary around the sun. 

Motions of the Moon.—The moon has an ap- 
parent motion round our globe every day, some- 
what similar to that of the sun. She rises in an 
easterly direction, and, after a certain number of 
hours, sets in the western quarter of the heavens; 
this motion is not real, but only apparent, and is 
caused by the diurnal motion of our globe from 
west to east. The real motions of the moon are 
as follows :—TIn the course of 27 days, 7 hours, 
and 43 minutes, the moon makes a progress 
through the ecliptic, or round the whole heavens, 
from west to east; and returns to the same stars 
from which she set out. This is called her tropic- 
al revolution. The period from one new moon to 
another, or from one conjunction with the sun to 
another—whiich is 29 days, 12 hours, 44 minutes, 
and 2 seconds, is called her synodic revolution. 
The reason why these periods are different is 
this: at new moon, the sun and moon are in the 
same part of the heavens: but by the time the 
moon has returned to that point—namely, 27 
days, 7 hours, 43 minutes—the sun has proceed- 
ed, in his apparent course through the heavens, 
| twenty-seven degrees further to the east, and is 
still going on, and the moon has to overtake him 
before she can be again in that position which is 
called new moon. 

Fig. 33 exhibits some of the motions of the 
moon in relation to the earth and the sun. The 


Fig. 33. 








small circle in the center, S, represents the sun; 
the circle ABCD. the earth’s orbit and the earth 
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in four different positions. The smaller circle M 
n 0, represents the orbit of the moon im its course 
round the earth. Around this orbit she moves, 
in a period somewhat less than a month, at the 
rate of 2300 miles an hour. But while she is 
thus carried, monthly, around the earth, she is 
also carried forward along with the earth, in its 
revolution round the sun. For example, while 
the earth has moved from B to A, the moon has 
made more than three revolutions round the earth, 
and at the same time has moved, along with the 
earth, nearly one hundred and fifty millions of 
miles, or the fourth part of the earth’s annual 
circuit; so that the moon’s motion through space 
is much more rapid than that stated above, and 
cannot be estimated at less than 70,000 miles an 
hour. When the earth is at B,in the position 
marked 1, and the moon at M, the enlightened 
side of the moon is turned to the dark side of the 
earth, and the moon is in the position we call full 
moon, the whole of its enlightened surface being 
then turned toward the earth. When the earth 
is at D, and the moon in the position marked 3, 
the dark side of the moon is turned toward the 
earth, and she is consequently invisible. This is 
the position of new moon. In the manner now 
described, does the moon revolve round the earth, 
and is carried along with the earth round the sun, 
from one year and one century to another; and 
has done so ever since she was appointed to give 
light to the earth, and “to rule the night.’? And 
since she is acted upon by two forces—the attrac- 
tion of the earth and the attraction of the sun, 
which sometimes act in opposite directions—her 
motions are very irregular; which renders it some- 
what difficult and tedious to calculate her precise 
position in the heavens at any particular moment 
of time. 

Phases and general appearances of the Moon— 
The sun always enlightens one half of the moon; 
and sometimes the whole of this enlightened side 
is turned toward the earth, when she appears a 
round luminous orb: but this happens only in one 
point of her orbit. At all other parts of her 
course, only a portion of her enlightened hemi- 
sphere is seen from the earth; and in one parti- 
cular position in her orbit, her enlightened side is 
altogether invisible. When she isat the change, 
or the period of new moon, she is invisible; both 
because she is in the same part of the heavens as 
the sun, and because the whole of her dark hemi- 
sphere is then turned to the earth. After this it 
is generally two days, or more, before any part of 
her enlightened surface is visible: About the third 
day after the change, she is seen in the western sky, 
at no great distance from the point at which the sun 
set, and then appears under the form of a slender 
crescent, with its horns pointing toward the east. 
Next evening, about the same hour, she will have 
moved about thirteen degrees farther to the east, 
and her erescent will appear to have increased 
somewhat in breadth. Every succeeding night 
she will appear to have moved still farther to the 
east, while her crescent is still increasing in breadth 
and luminosity, until about the eighth day from 
the change, when she appears in the form of a 
half moon. She is then about ninety degrees from 
the sun. After this period, still proceeding east- 
ward, she assumes a gibbous phase, until she ar- 
rives at the period of full moon, when her whole 
enlightened hemisphere is turned’ toward us ; 
which happens on the fifteenth day after the time 
of the new moon, when she is in opposition to the 
sun, or one hundred and eighty degrees distant, 
and rises about the time when the sun sets. Ona 
cloudless night, sho then displays to every beholder 
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a delightful and magnificent spectacle, calculated 
to arrest the attention of every eye, and to inspire 
the soul withemotions of sublimity. But she does 
not remain long in her full orbed luster; she gra- 
dually loses a portion of her brightness, by pre- 
senting to us a part of her dark hemisphere. 
She again appears for a few days in a gibbous 
phase; afterward she assumes the appearance of 
a half moon, and then that of a crescent whose 
horns are now turned toward the west. In this 
position she is seen only in the mornings before 
sunrise; and in a few days afterward, she is in 
conjunction with the sun,when her dark side is 
again turned toward the earth. All these changes 
are accomplished in twenty-nine days and a half. 
These phases are more particularly represented ~ 

in fig. 34, where S represents the sun, E the earth, 
and ABC DFGHI the moon in different parts 
of its circuit round the earth, with its hemisphere 
turned toward the sun fully-enlightened. When 
the moon is at A, its enlightened side being turned 
to the sun, its dark side is turned toward the earth, 
and were it then visible, it would appear as at K, 
in the outer circle; but it is never visible in this 
position, except at the time of an eclipse of the 
sun, when its body, either in whole, or in part, in- 
terposes between us and the sun. This is at the 
period of new moon. When the moon has moved 


from A to B, a portion of its enlightened surface 
is then turned to the earth, and it appears as a 
crescent, as represented at L; when arrived at C, 
the one-half of its enlightened hemisphere is turned 
to the earth, and it appears in the form of a half 
moon, as at M; when arrived at D, it presents a 


Fig. 34. 





gibbous phase, as at N; and when arrived at F, it 
shines in all its splendor asa full moon, as at O. 
After this period it gradually declines, first to a 
gibbous phase, as at P; next to a half moon, as at 
Rk; then to a crescent, as at T; after which it ar- 
rives at its former position at A, the period of new 
moon; when it is again invisible. 

How the earth appears to the inhabitants of the 
Moon.—We have now seen the cause why the 
moon presents so varied appearances to the earth; 
let us now consider how the earth itself will ap- 
pear as viewed from the surface of the moon. Could 
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we take a view of the earth from one of the moun- 
tains, or plains, of the moon, we should find that it 
exhibits the same changes or phases, that the moon 
does to us, but in a reverse order. For when, at new 
moon, the dark side of the moon is turned toward 
us, the whole of the enlightened hemisphere of 
the earth is then turned toward the moon. And 
as the hemisphere of our globe is thirteen times 
larger than that of the moon, it will present in the 
lunar firmament a shining orb as large as thirteen 
of our full moons, and will therefore, diffuse a 
considerable degree of luster in the absence of 
thesun. That the earth shines with a full en- 
lightened face upon the moon at the period now 
stated, will appear from the preceding diagram, 
fig. 34. At A, the moon is in conjunction with 
the sun, as seen from the earth, and its dark side 
is turned toward us; but it will be perceived that, 
at that time, the enlightened side of the earth, E, 
is completely turned toward the moon, so that 
while she isinvisible to us, our globe appears in 
its full orbed majesty and brightness to the lunar 
inhabitants. On the other hand, when the moon 
is at F, when it is full moon to us, the dark side 
of the earth, E, is turned toward the moon, and is 
consequently invisible to the inhabitants of the 
moon, being then nearly in the same part of the 
firmament as the sun. When the moon is in- 
creasing to us, the earth is diminishing in its illu- 
minated surface to the moon. When the moonis 
at Bin its increase, the earth appears as at P; 
when she appears as a half moon as at M, the 
earth apears a half moon in the decrease,as at 
R; and when she increases to a gibbous phase as 
at N, the earth has decreased to a crescent, as at 
T; so that the phases of the earth, as seen from 
the moon, are exactly opposite to those of the 
moon as seen from the earth. 

That the earth actually shines upon the moon, 
and illuminates its surface as the moon does that 
of the earth, is proved from the following cireum- 
stance. On the second or third day after new 
moon, when she appears as a slender crescent, we 


perceive a faint light on the dark part of the | 


moon which is not enlightened by the sun,so that 
the whole hemisphere of the moon is visible—one 
part faint, and the other bright. This is percep- 
tible even by the naked eye, but it appears pretty 
vivid through the telescope when a small power 
is applied, so that many of the principal spots of 
the moon may be distinctly perceived. This may 
be termed the ‘moonlight of the moon,’’as the earth 
is then shining upon its surface with nearly a full 
enlightened hemisphere. This light on the dark 
side of the moon gradually decreases, as the en- 
lightened part of the moon increases, because the 
enlightened portion of the earth is at the same 
time diminishing, so that its effect is not much 
perceived after the period of half moon. It has 
been sometimes observed that a brighter reflection 
proceeds from the moon when the continental 
parts of the earth are opposite to her than when 
the Atlantic or Pacific ocean is in the same posi- 
tion. “here is less light reflected from the sea 
than from the Jand upon the moon, and therefore 
it is natural to suppose that when the hemisphere 
of the earth which contains Europe, Asia, Africa, 
and New Holland, is shining upon the moon, 
a considerably greater quantity of light will be 
reflected on her surface than when the Pacific 
ocean, which covers nearly half our globe, is di- 
rectly opposite to her. In the course of the diur- 
nal rotation of the earth every part of its surface 
in succession will be presented to the moon; and 
therefore it will appear to a lunar inhabitant with 
different degrees of brilliancy, at different times, 
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arising from the circumstances now stated. 
fig. 31, p. 34.) 

The moon always presents the same side to the 
earth, so that we never see its opposite hemisphere. 
This circumstance proves that she turns round 
her axis in the same time she takes to move round 
the heavens. If the moon had no motion round 
her axis, we should see both her hemispheres in the 
course of every revolution she makes round the 
earth. Whether the other side of the meon be 
less adapted for reflecting light than that which is 
next us, or whether it be equally diversified 
with mountains, caverns, and plains, we have no 
opportunity of determining; though, reasoning 
from analogy, we may conclude that the arrange-~ 
ments of nature in that hemisphere are not essen- 
tially different from those we perceive in the hemi- 
sphere presented to our view. | 

There is a peculiar appearance which may be 
noticed, that the earth will present to an inhabi- 
tant of the moon,and it is this--that from any 
particular spot on the lunar surface, the earth will 
appear in a fixed position in the heavens, without 
any apparent motion. ‘To those who live in the 
middle of the hemisphere next the earth, the earth 
will appear as a large globe in the zenith, or point 
directly above their heads, sometimes appearing 
as a half moon, a crescent, or a full enlightened 
hemisphere, and sometimes invisible, but always 
in the same position. The only motion they 
will occasionally perceive is the earth’s rotation, 
which they will observe as the different continents, 
islands, and oceans of our globe present themselves 
in succession. ‘Those who live near the margin 
of the moon’s hemisphere next the earth, will see 
the earth near the horizon, and it will never appear 
from such places in a more elevated position in 
the heavens, ‘Those who live in intermediate posi- 
tions will behold the earth at higher or lower ele- 
vations, according to their distance from the cen- 
ter of the’ hemisphere. All these appearances 
necessarily result from the circumstance that the 
moon always presents the same side to the earth, 
and to account for such phenomena will be apt 
to puzzle the lunar astronomers. Hence, it neces- 
sarily follows that those who live on the opposite 
hemisphere of the moon will never see the earth 
nor enjoy its light. From the central parts of 
that hemisphere, an astronomer—who had heard 
of the remarkable celestial phenomenon to be 
seen in the other hemisphere—would have to 
travel more than 1700 miles before he could see 
the earth emerging from the horizon; and in or- 
der to behold it in its full luster, shjning directly 
from the zenith, he would have to travel 1700 
miles farther, or 3400 miles in all. We presume 
that there are few terrestrial astronomers who 
would grudge to undertake such a journey were 
they to behold a resplendent moon hanging in the 
vault of heaven in another hemisphere, which is 
altogether invisible in his native country. Sir J. 
Herschel, in order to explore the starry regions in 
the southern hemisphere, undertook a voyage to 
the Cape of Good Hope, where he remained for 
years, and brought home some interesting pieces 
of intelligence from the starry regions. 

Distance and magnitude of the Moon. —The 
moon, though the nearest celestial body to the 
earth, is still at a considerable distance, This dis- 
tance is reckoned to be, at a medium, about 237,000 
miles, or about thirty times the diameter of our 
globe, which is determined from its horizontal pa- 
rallax, or the angle formed by a line drawn from 
the center, and another line drawn from the sur- 
face of the earth. As the moon, however, moves in 
an elliptical orbit, she is sometimes more than 240,- 
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000 miles distant, and sometimes considerably less 
than 237,000. Small as this distanca is, compared 
with that of the other planéts, itmivould require 
nearly 500 days, or about sixteen months, for a 
steam-carriage to move over the interval which 
separates us from the lunar orb, although it were 
moving day and night at the rate of twenty miles 
every hour. Although the apparent size of the 
moon is equal to that of the sun, yet the difference 
of their real bulk is very great; for it would re- 
quire more than sixty-three millions of globes of 
the size of the moon to form a globe equal in mag- 
nitude to that of the sun. The reason why the 
sun appears.so small, when he isin reality so large 
a globe, is this—that he is removed ninety five 
millions of miles from the earth, which is nearly 
four hundred times farther than the moon. The 
diameter of the moon is 2180 miles, which is little 
more than the fourth part of the diameter of our 
globe, and consequently, in point of solidity, it is 
only the forty-ninth part of the bulk of the earth. 
Its surface, however, contains fifteen millions of 
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square miles, or about one-third of the habitable re- ; 
gions of our globe, and were it peopled as densely as 
England, it would contain a population amounting 
to four thousand two hundred miilions, which is 
more than five times the population of the earth. 
The circumference of the moon is 6848 miles, 
and, therefore, if arailroad were formed around it, 
its inhabitants could travel completely round their 
world in the course of fourteen of our days, at the 
rate of twenty miles an hour; and the journey 
could be so arranged that they might enjoy unin- 
terrupted moonlight from the earth in one part of 
it, and uninterrupted sunlight during the other— 
an advantage which we can never enjoy in our 
terrestrial region. 

Telescopic appearance of the Moon—-When the 
moon is viewed with a good telescope, the lunar 
surface presents a very interesting and diversified 
appearance. Mountains and plains, caverns and 
insulated rocks, hills and plains of almust every 
shape, diversify every portion of the surface of the 
moon. It is evident almost at first sight, that the 


Fig. 35. 










































































































































































moon is diversified with inequalities of surface, 
and has lofty eminences and deep vales, when we 
view her surface with a powerful telescope, when 
she appears in the form of a crescent or of a half 
moon; for then we perceive the boundary between 
the dark and enlightened side—not a straight line 
ora regular curve,as it would be if the moon 
were a smooth surface—but jagged and uneven, 
somewhat like the edge of a coarse saw. Within 
the dark portion: of the moon, adjacent to this 
boundary bright points appear, somewhat like stars, 
which are evidently the higher tops of the lunar 
mountains, enlightened by the sun before his rays 
can reach the valleys, just as we find that in our 
globe, when the sun is rising, his beams gild the 
mountain tops, while the plains and valleys are 
stillin the shade. Shadows of different dimen- 
sions, tov, are to be seen in various parts of the 
enlightened portion of the moon, indicating both 
elevations and depressions. 

The mountainous regions of the moon are ar- 
ranged in a very different form from those of the 
earth. There are, indeed, some mountain ranges 
on the lunar orb somewhat resembling our Alps, 
and Apennines, and Andes; but one of the dis- 
tinguishing features of the moon consists in hun- 
dreds of circular ranges of mountains surround- 
ing plains of the same shape. The following are 
a few of the characteristic features of the lunar 
surface. 1. Plains of various extent and peculi- 
arities. Some of these plains are more than one 








hundred miles in diameter, orin length and breadth. 
They present a darker and more somber appear- 
ance to the eye than the other parts of the lunar 
surface, and in many instances, they contain, here 
and there, deep cavities. They were formerly 
considered as seas, or large cellections of water, 
but there Appears no evidence that seas, or any 
large collection of waters, exist on the surface of 
the moon. Beside these large plains, there are nu- 
merous circular plains of a lesser: size, of all di- 
mensions, from two or three miles to thirty miles 
in diameter, surrounded with a circular ridge of 
mountains, as with a wall orrampart. These are 
to be found in most regions of the moon, and they 
form a peculiar feature of her surface altogether 
different from what obtains on our globe. 2. Tho 
moon displays a great variety of mountain scenery. 
In the first place, there are chains of mountains, 
which run in a right-lined direction, not altogether 
unlike those which exist on our globe. The most 
remarkable range of this kind is that called the 
Apennines, which traverses a portion of the lunar 
disc from north-east to south-west, which may be 
seen to advantage about the time of half moon, 
and a day or two afterward. It rises with a pre- 
cipitous and craggy front, froma large plain called 
the mare imbrium, extends to a great length, and, 
in some places, rises to the perpendicular hight of 
four miles. This is most precipitous on the side 
of the plain, and gradually slopes off with its hun- 
dreds of peaks to the opposite declivity, resem- 
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bling in some degree our Andes and Himalayas. 
In the next place, there are insulated mountains, 
or peaks. or mountains in the shape of a sugar 
loaf, which rise directly from the plains, and are 
altogether unconnected with any ridge or group 
whatever. Some of these are several miles in 
perpendicular altitude, and their shadows thrown 
opposite to the sun are as distinctly seen through 
the telescope as the shadow of a gnomon on a 
sun-dial. ‘They bear a certain resemblance to the 
Peak of Teneriffe, and Adam’s Peak in the island 
of Ceylon. But in the third place, the chief fea- 
tures of the mountain scenery of the moon con- 
sist in those circular ranges of mountains which 
occupy nearly one-half of the lunar surface, and 
are dispersed in all directions. In some cases, 
they appear like a wall of sixty, one hundred, or 
one hundred and fifty miles in circumference, sur- 
rounding circular plains of corresponding extent. 
In other cases they are from five to ten or twelve 
miles in diameter; and in many instances there is 
a central mountain of a considerable elevation, 
which rises from the center of the circular plain. 
There is nothing similar to these arrangements in 
any part of our terrestrial system. ‘The lunar 
mountains, according to Schroeter’s measure- 
ments, are of all sizes, from three hundred feet to five 
miles in perpendicular hight. 3. Another singu- 
lar feature of the moon’s surface consists in those 
numerous depressions or cavities, which appear on 
almost every part of her disc. These cavities are 
circular, and bear a certain resemblance, in shape, 
to an egg-cup. A high’ annular ridge, marked 
with lofty peaks and small cavities, generally en- 
circles them, an insulated mountain frequently 
rises in the center,and sometimes they contain 
smaller cavities of the same nature as themselves. 
These hollows are most numerous in the south- 
west parts of the moon, and from this cause it is 
owing that that portion of the lunar surface is 
more brilliant than any other portion of the moon; 
these cavities, along with the mountainous ridges 
which encircle them, reflecting a greater quantity 
of light than any other part of the lunar regions. 
As to their dimensions, they are of all sizes, from 
three miles to fifty miles in diameter at their ori- 
fices, but they generally decrease in breadth to- 
ward the bottom. Their depth varies from about 
one-third of a mile to three miles and three quar- 
ters below the summits of the mountains which 
surround them; but in all cases the internal depth 
of the cavity is much lower than the general sur- 
face of the moon. Of this feature of the lunar 
surface we have no examples in any part of our 
globe; but we have reason to believe, from the 
variety which exists in nature, that not one world 
in the universe exactly resembles another in its 
particular arrangements. 

The following figures will perhaps convey a 
rude idea of some of the objects on the lunar sur- 
face now described. Fig. 36 is a view of the 
brilliant spot called Aristarchus, which is situate 
in the north-east quadrant of the moon’s surface, 
where the shadows of some of the circular cav+ 
ities and also the shadows of the mountains may 
be perceived. Fig. 37 is the spot called Hevelius, 
which contains an annular cavity, and a broken 
elevation somewhat resembling an egg. Fig. 38 
represents a cavity surrounded by a circular range 
of mountains, with two central mountains in the 
middle of the plain, in which the shadows of one 
side of the circular range and of the central 
mountains may be seen. Fig. 39 shows another 
magnified portion of the moon’s disc, exhibiting 
several circular plains, cavities, and other varieties 
of the lunar surface. 
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From what we have now briefly stated; it is 
evident that an immense variety of picturesque 
and sublime scenery is presented to view on the 
surface of the moon, and could we conceive our- 
selves standing on some of her lofty peaks, her 
circular mountain ridges, or on the summit of her 
central mountain, we should behold a much 


Fig. 36. 
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greater extent of prospect, and an assemblage of 
more grand and sublime objects than is presented 
to our view in any of our terrestrial landscapes. 
The best time for viewing all the varieties of 
scenery on the moon’s surface, with a telescope, 
is about the period of half moon, or two or three 
davs before or after it, at which times the shadows 
of the lunar mountains and cavities are longest 
and most distinct. At the time of full moon, 
many of the objects described above cannot be 
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perceived, as thé sun then shines perpendicularly 
upon the moon’s surface, so-that the shadows of 
the different objects cannot be distinguished. The 
following additional particulars respecting the 
moon may be stated. 

1. The length of a lunar day is equal to nearly 
fifteen of our days, and the length of the night 
the same, so that a day and night in the moon 
is equal to twenty-nine days and a half, oy one 
lunar month. On the hemisphere next the earth, 
there is moonlight nearly all the time the sun is 
absent; but in the other hemisphere, in the ab- 
sence of the sun, there is no light but what pro- 
ceeds from the starsand planets. Were a lunarian 
to travel, at the rate of ten miles an hour, in a 
direction at right angles to the moon’s axis, he 
might keep pace go the moon’s rotation, and be 
enabled to live in perpetual sunshine. 2. The 
light of the moon has been computed to be 300,- 
000 times less intense than that of the sun, when 
shining in an unclouded sky; yet its utility is con- 
siderable, and when the full moon shines in its 
splendor, it throws a cheerful, though mild light, 
over the surrounding landscape. 3. The nearer 
the moon is to the periods of new and full moon, 
the greater is her velocity in her orbit; and the 
nearer she is to the quadratures, the slower she 
moves. When the earth is in its perihelion, or 
nearest the sun, which happens in the winter, the 
periodical time of the moon is greatest; and when 
the earth is in its aphelion, which happens in 
summer, the periodical time of the moon is the 
least. 4. The mean inclination of the moon’s 
orbit to that of the earth is five degrees, nine 
minutes. 5. The eccentricity of her orbit is 12,- 
960 miles. 6. The moon in ail probability is 
surrounded with an atmosphere, but it is evidently 
avery small one, and of extreme tenuity; and no 
clouds or vapors appear to exist in it. It is stated 
as having been distinctly perceived during the an- 
nular eclipse of May, 1836, when just before the 
rims of the two bodies met, the light of the sun 
was seen to shoot through the moon’s atmosphere, 
mollified into twilight. Schroeter calculates its 
hight at 5742 feet. 

There can be little doubt that the moon, like 
the earth on which we dwell, is a world replenish- 
ed with inhabitants. Matter appears to have been 
created chiefly in subserviency to mind; and it 
is highly improbable that the Creator would leave 
a globe containing a surface of fifteen millions of 
square miles altogether destitute of sensitive and 
intellectual beings, especially when we behold its 

, Surface diversified and adorned with such a vast 
assemblage of picturesque and sublime scenery, 
and when we consider that every ‘department con- 
nected with our globe is peopled with sentient 
beings of every description. Although seas and 
rivers and a dense atmosphete are not to be found 
connected with the lunar orb, and although some 
of its arrangements are different from those of 
the earth, yet these circumstances form no valid 
objection to the moon being inhabited, for the 
Creator can in all cases adapt the inhabitant to the 
nature of the habitation provided for him, as he 
has adapted the birds for winging their flight 
through the air, the fishes for gliding in the 
waters, and man and quadrupeds for traversing 
the dry land. 

It has frequently been a subject of inquiry, 
Whether the inhabitants of the moon may ever 
be discovered by the inhabitants of our globe? 
Notwithstanding the improvements that have 
been made on telescopes in modern times, we 
have no expectations that such a discovery will 
ever be made. Even the large telescope lately 
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constructed by the Earl of Rosse, however distinct 
and beautiful a view it may exhibit of the moun- 
tains and vales, rocks and caverns, on the lunar 
surface, will never be able to show us its inhabit- 
ants, although they had bodies five hundred times 
larger than those of the inhabitants of the earth. 
That telescope has seldom been used with powers 
exceeding eight hundred times; but although a 
power of two thousand times could be put upon 
it with distinctness, it would make the moon ap- 
pear no nearer to us than one hundred and twenty 
miles, at which distance a living being, although 
a hundred feet high, could not be beheld. For, 
with such a power, a space on the moon’s surface 
one hundred and eighty-three feet in diameter 
could only be perceived as the smallest visible 
point. Beside, we ought to consider that when 
we view objects on the surface of the moon, we 
do not view them in perspective, as we view ob- 
jects on the surface of the earth, but only obtain 
a bird’s eye view, as we do of objects on the sur- 
face of our globe, when Viewed from a balloon 
suspended in the atmosphere, in which case, when 
we look down upon a group of human beings, we 
perceive only the length and breadth of their 
heads and shoulders. 

There is a possibility, however, of tracing the 
operations of sensitive, or intelligent beings, in 
the lunar orb, although we can never expect to 
trace the forms or motions of its inhabitants. 
Were a vast number of persons in different parts 
of the world to devote themselves to a particular 
survey of the moon—were different portions of 
its surface allotted to different individuals as the 
object of their particular research—were accu- 
rate observations made, and frequently repeated, 
on every mountain, hill, cavity, cliff, and plain, 
and every change and modification in the particu- 
lar spots and their localities carefully marked and 
represented in a series of delineations, it might 
lead to some certain conclusion both as to the 
physical constitution of the moon, and as to 
whether any of the observed changes proceeded 
from the operations of living agents. If an ob- 
server in the moon, with such a telescope as Sir 
William Herschel’s, or that of the Earl of Rosse, 
had observed the city of Babylon, when in its 
splendor, and afterward when reduced to a desert, 
as it now is, he must have observed a change in 
the locality where that famous city once stood, 
indicative of the operations of intelligent, or at 
least, of sensitive, or living agents. And had he 
viewed the dense forests of America before ciyil- 
ized nations took possession of that country, and 
were he now to take a view of the eastern states of 
North America, in their present state of cultiva- 
tion, and since the great cities of New York, Bos- 
ton, and Philadelphia were reared, a striking differ- 
ence between the present and the former state of 
that country would doubtless be perceptible. For, 
if an extent of only one hundred and eighty-three 
feet, or sixty-one yards, would be perceptible by 
a telescope magnifying two thousand times, much 
more would the extent of a large city, such as 
New York, be distinctly visible, as a prominent 
and well-defined object. Now, if changes simi- 
lar, or analogous to these, could be traced on the 
surface of the moon, it would lead us to form 
some certain conclusions in relation to the opera- 
tions of intelligent agents, and consequently, that 
such beings actually exist on the lunar surface. 
But such observations as those to which we al- 
lude would require not only to be specific and 
minute, but also to be continued for a length of 
years—perhaps a century or more—before any 
striking changes could be expected to occur. 
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Dr. Olbers was fully of opinion, from the obser- | 


vations he had made, “that the moon is inhabited 
by rational creatures, and that its surface is more 
or less covered with a vegetation not very dissimi- 
lar to that of our earth.”’ It has formed a sub- 
ject of speculation with some, whether it might 
be possible to correspond with the lunar inhabit- 
ants by symbolical representations. If they be 
mathematicians, it has been conceived ‘that the 
erection of geometrical figures on some extensive 
plains on our globe, on a scale of vast extent, 
might be recognized by the inhabitants of the 
moon, as a signal of correspondence, and that 
they might erect similar figures in return. But 
itis highly questionable whether the design of 
such figures would be appreciated, or whether 
they would be visible to the eyes of the inhabit- 
ants. Many a look, we may conceive, will be 
directed to our globe by the lunar inhabitants, 
and much wonder will doubtless be expressed at 
such a large globe hanging over their heads, ap- 
parently immovable, excepting a rotation round 
its axis; and much speculation, will, without 
question, take place among them as to whether 
such a globe as ours be inhabited. But it does 
not appear to be the design of the Creator, in the 
meantime, that the inhabitants of our globe and 
those of the moon should become acquainted, or 
that any direct correspondence should take place 
between different worlds. And therefore, we 
must wait with patience until the scenes of a 
future life shall unravel the mysteries, and dispel 
the darkness which now hangs over the history, 
the population, and the transactions of other worlds. 
Whatever may be the peculiar circumstances of 
the beings that people other globes, we know that 
they-are all under the care and superintendence 
of Him who is infinite in wisdom, power and in- 
telligence; whose “kingdom ruleth over all,’ and 
whose “tender mercies are over all his works.” 

But, whatever opinions we may entertain re- 
specting the inhabitants of the moon, certain it is 
that she forms a beautiful and noble appendage 
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to our globe, and her light and motions are of 
high utility to its inhabitants. How cheerless 
and uncomfortable, in many cases, would be our 
nights, were it not for the mild radiance which 
the lunar orb dispenses in such regular and 
agreeable vicissitude! To the mariner, while 
plowing his course through the stormy deep; to 
the plowman, “plodding his weary way ;’? to 
the peasant, pursuing his course through moors 
and morasses after nightfall; to the shepherd, 
tending his fleecy charge by night; to travelers. 
in foreign lands; and to the missionary in pagan 
countries, when returning at midnight from his 
sacred labors; the moon, in her various stages, is 
always a most cheerful and welcome visitant. 
She throws a mild and silvery luster over the 
forests, the mountains and the vales, and we 
behold a new picture of terrestrial objects, which 
is more delicately shaded, and disposed into softer 
lights than that which is displayed under the 
blaze of the meridian sun—a scene which leads 
the pensive mind to pleasing reflections, and to 
solemn contemplation. By her attractive influ- 
ence, she sways the ocean, and perpetuates the 
regular returns of ebb and flow, by which the 
liquid element is preserved from putrefaction, 
and the inhabitants of the islands and continents 
from infection and disease. And, although her 
brightness is not the same at all seasons, and 
though she is sometimes absent from our noctur- 
nal hemisphere, yet, in her absence, we enjoy, 
on a clear evening, a more extensive prospect of 
the starry regions, and of those. remote spaces of 
creation where suns unnumbered shine, and 
planets and comets run their solemn rounds. 
Let us then be grateful to our beneficent Creator, 
who, in this as well as in all his other works, 
has displayed his infinite wisdom, and his un- 
bounded goodness; and let us in unison with the 
inspired writers, praise the name of tie Lord, 
who hath appointed ‘“ the moon to rule by night,” 
as an evidence of his fatherly care, and of his 
mercy, which “endureth forever.” 


CHAPTER IV. 


DESCRIPTION OF THE SUPERIOR PLANETS OF THE SOLAR SYSTEM. 


SECTION I. 


ON THE MOTIONS AND ASPECTS OF THE SUPERIOR 
PLANETS. 


Tue planets Mercury and Venus, whose mo- 
tions and phases we formerly described, are called 
inferior planets, because they revolve round the 
central luminary in orbits which are included 
within the orbit of the earth, and consequently 
nearer the sun than the earth is. The superior 
planets are those whose orbits are without that of 
the earth, and, of course, at a greater distance 
from the sun. The superior planets are Mars, 
Vesta, Juno, Ceres, Pallas, Astrea, Jupiter, Sa- 
turn, and Uranus. They are distinguished from 
the inferior planets in the following respects:—l. 
They come to our meridian at midnight, which 
the inferior planets never do. 2. They are some- 
times seen rising in the east, when the sun is 
setting in the west; a” circumstance which never 
happens to Mercury or Venus. 3. While the 





inferior planets always appear to move in the 
neighborhood of the sun, never removing be- 
yond forty-eignt degrees of that luminary, the 
superior planets may be seen at all distances from 
the sun, and even in the opposite quarter of the 
heavens. 4. The superior planets never can ap- 
pear to transit the sun’s disc, as Mercury and 
Venus have been seen to do at different periods. 
5. The superior planets never appear in the form 
of a crescent, or of a half moon, as the two in- 
ferior planets are found to do in certain parts 
of their orbits. They always appear with a 
round face, when viewed with a telescope, except 
Mars, which sometimes appears with a slight 
gibbous phase. 6. A superior planet can only 
be in conjunction with the sun, when the sun is 
between the earth and the planet; whereas an 
inferior planet may be in conjunction with the 
sun, when it is between the sun and the earth. 
7. There are also certain peculiarities in reference 
to the direct and retrograde motions of the supe- 
rior planets, and the points in which they appear 
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stationary, different from those, of the inferior 
planets. All these circumstances ¢learly show 
that the path of the earth round the sun is in- 
cluded within the orbits of the superior planets; 
that we occupy a station that is never very far 
removed from the center of their orbits, and that 
we see these planets in a direction which is 
nearly that in which the sun’s rays enlighten 
them. 

Apparent motions of the superior Planets as seen 
from the Earth—The superior planets are retro- 
grade when seen in opposition to the sun, that is, 
they appear to move from east to west, or contrary 
to the order of the signs of the zodiac; and their 
motion appears direct, or from west to east, when 
in conjunction with the sun. The following dia- 
gram, fig. 39,* will illustrate some of the motions 
and aspects of these planets. Let the central 
circle s represent the sun, a Bc p the orbit of the 
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earth; era Hu the orbit of a superior planet, sup- 

pose that of Mars, and KMNOPR aportion of 

the starry heavens. When the earth is at p, and 

Mars at £, the planet, as seen from the earth at p, 

will appear in the same part of the heavens as the 

sun, or in conjunction with him. When the 

earth is at 3 and the planet at k, it is then said to 

be in opposition to the sun; for the sun is then 

seen,in the direction s p, while the planet is seen 

in the directions m. In this case, the planet is 

nearest to the earth, and in the case of Mars, it is 

only fifty millions of miles distant from us. But 

when the earth is at Band Mars at a, the planet is 

the whole diameter of the earth’s orbit, or one 

hundred and ninety millions of miles farther dis- 

tant, and consequently, at that time, two hundred 

and forty millions of miles from the earth. Hence 

it happens that this planet appears about twenty- 

five times larger in the one case than in the other. 

When farthest distant from the earth, it appears 

like a small star; but when nearest us, it appears 

nearly as large as Jupiter or Venus, but with a} 
more ruddy aspect. These circumstances clearly | 
prove that Mars does not move round the earth 

as its center of motion, as the ancients supposed, | 
but round the sun, and that, too, in an orbit which | 
includes the earth’s orbit within it. 

The cause of the direct and retrograde motions 
of the superior planets will likewise appear from 
fig. 39. Suppose the earth at a, and Mars at x, 
while the earth is moving through the part of its 


7) sun. 





orbit a po, the planet will appear to move from N 
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to K among the stars, which is its direct motion 
through the heavens, or from west to east; so that 
when the earth is at p, the planet will appear at 
m, and when the earth is at c, it will appear at K. 
But while the earth moves through c B A to, A, it 
will appear to return ton, having a retrograde 
motion from east to west; so that when the earth 
is at B, it will appear to be at m, and when the 
earth is at a, it will appear to have returned back 
to n. When the earth is either at a or c, the 
planet will appear stationary for a few days. The 
direct motion is very slow from n to Kk, because 
the earth has to move, during its continuance, 
through the large part of its orbit apc; but the 
retrograde motion, from x to N, is performed in 
much less time, because the earth, while it con- 
tinues, has to move only from c to a. 

We have supposed the planet at rest, in order 
to avoid complexity in the illustration; but the 
appearances will be the same, whether we con- 
ceive the planet at rest or in motion; only the 
time in which the direct and retrograde motions 
are performed will be different when we view the 
planet as in motion. Jupiter, Saturn, and all the 
other superior planets have similar direct and re- 
trograde motions and stationary positions. They 
all retrograde when in opposition, and for some 
time before and after it; but they differ greatly 
as to the time of its duration. It is more rapid 
and extensive in the case of Mars than of the 
other planets which are farther distant from the 
It may just be further stated, that the times 
of the conjunctions, oppositions, direct and retro- 
grade motions, and also of the stations of the su- 
perior planets depend upon the combinations of 
their motions in their orbits with the motion of 
the earth in its orbit; and this combination causes 
all the apparent irregularities which appear in the 
motions both of the superior and inferior planets. 
But all the planets, if viewed from the sun, the 
center of their motions, will appear to move with- 
out interruption in the same direction; only 
moving somewhat more slowly in their Aphelion, 
and more swiftly in their Perihelion.* 


SReETLON LE 
y ON THE PLANET MARS. 


Tuis is the first of the superior planets next to 
the earth. Its name, which was given by the 
ancients, signifies “the god of war,” which ap- 
pears to have been given on account of its ruddy 
or fiery appearance, and because the astrologers 
imagined it to be a promoter of war and blood- 
shed. It is rather unfortunate that the names of 
the planets, as well as of the celestial constella- 
tions, should all be derived from heathen mytho- 
logy, and from the superstitious and idolatrous 
views of the ancients. It ill comports with the 
peaceable study of astronomy that a god of war 
should be supposed riding in his fiery chariot 
through the heavens, and brandishing his sword 
over the nations to excite them to diabolical con- 
tests. It presents a melancholy and degrading 
picture of human nature, that in all ages war has 
produced its horrid massacres and devastations 
among every kindred, and in every clime, and 
that men should have imagined that a celestial 





* The Aphelion is that point of the orbit of the earth, or 
of any other planet, which is farthest from the sun; and the 
Perihelion is that point in the orbit of a planet which is 
nearest to the sun. Asthe planets move in elliptical orbits 
they must, of course, be at different distances from the sun 
in different parts of their orbits—See Appendix, No. IIE, 
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deity was drone to preside over its infernal 
Operations, and to “urge the foes to battle.” It 
will be to the “eternal dishonor of the human 
char acter, that ever such malignant exploits were 
engaged in, in our terrestrial sphere. In modern 
times, it is an indelible disgrace to nations, who 
designate themselves as civilized and enlightened, 
that’ such a mode of settling disputes between 
states and empires should be resorted to as that of 
warfare. It is glaringly unchristian; it is inhu- 


man and atrocious; it is.a violation of the.funda- | 


mental laws which unite the moral universe; it 
is accompanied with almost all the evils which 


can afflict humanity; it is subversive of the. 


wealth and, prosperity of nations; and it must be 
highly offensive to the Creator, who has so curi- 
ously constructed the human frame, and . formed 
man “after his own image,” that such an exqui- 
site structure should be eut and slashed and de- 
stroyed by those who are partakers of the.same 
nature. In short; it conveys an absurdity in the 
very idea of it; for it never can decide on which 
side of a disputed question justice and right are 
to be found; and it degrades: man, who is endowed 
with high intellectual powers, to a level with the 
inferior animals—with the bear, the lion, and the 
hyena, that have no other mode of. settling their 
disputes but by physical force. “Scarcely any- 
thing can be more degrading and monstrous, i 
beings furnished with moral faculties, and e 
dowed with reason and ‘intelligence. 
needless to say that the planet, Mars, though some- 
what more ruddy than. the other planets, has: no 
influence whatever over such barbarous and ma- 
lignant exploits. It sweeps along .in its, course 
through the heavens, in unison with the other 


bodies which compose the solar system, in obe- 


dience to a universal law, and displays, in its mo- 
tions, its Creator’s power and wisdom. , 


The distance of this planet from the sun is one 


hundred and forty-five millions of miles, and the 
circumference of its orbit about nine hundred 
millions of miles. 
that of the earth is fifty millions of miles; and, 
at.the time of its opposition to the sun, it is ‘about 
this distance from the earth—which is the nearest 
approach to the earth which any primary planet 
can make, the planet Venus only excepted... It 
accomplishes its revolution round the sun \in six 


hundred and eighty-seven days, or about one year, 


and ten months, which is at the rate of fifty-four 
thousand miles an hour—a rapidity of motion 
which affords a striking idea of the omnipotent 
energies of the Creator. But before it can return 
to the same relative position in regard to the sun, 
or, in-other words, from one conjunction or oppo- 
sition to another, it occupies a period of seven 
hundred and eighty-days—that is, two years and 
fifty days. It is only at the period of its opposi- 
tion, when it is nearest the earth, and a short 
time before and after it, that this planet makes its 
most splendid appearance, almost rivaling Jupiter 
in its luster; and therefore, before we can again 
see it with the same degree of luster, a period of 
two years and fifty days, at an average, must 
elapse. It was in this position in June, 1843; 
again in August, 1845; and again in October, 
1847. This is the most eligible period for observ- 
ing the surface of Mars through ‘telescopes, and, 
likewise, for observing its direct and retrograde 
motions. From spots which have been observed 
on the surface of Mars by the telescope, it was 
determined that it makes. a revolution round 
its. axis in twenty-four hours and. nearly forty 
minutes—which is only forty-four minutes longer 
than the diurnal rotation of the earth, and is per- 
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formed in the same direction, namely, from west 
to east. Its axis is inclined to the plane of the 


ecliptic at an angle of nearly sixty degrees, or 


about thirty degrees from the perpendicular. Of 
course there must be. different Jengths, of days 
and nights in different regions of this planet; and, 
likewise, a diversity of seasons, somewhat similar 
to what we experience on our globe: . 

This planet, as to size, ranks among the smaller 
bodies of the solar system. Its dimensions are as 
follows:—Its diameter: is found to be about four 
thousand two hundred. miles—which is little more 
than half the diameter of our globe. Its surface 
contains above-fifty-five millions of square miles, 
which is.several millions. more than thé number 
of square miles on the habitable parts of the 
earth. Were its whole surface composed of land, 
and were it peopled: in the same proportion as 
Belgium—three. hundred inhabitants to a square 
mile—it could contain a population of ‘sixteen 
thousand five hundred millions, or more ‘than 
twenty times the present population of.our globe; 
so that this planet, though comparatively a small 
one, may rank higher than even our world in res- 
pect to the number of sensitive and intellectual 
beings it may contain. This planet, like the earth 
and several other planets, is of a spheroidal figure, 
its polar diameter being about two hundred and 
‘miles shorter than its equatorial. 
hen viewed with good telescopes, spots of 
ious forms have been discovered on the disc of 
Mars. It was, however, more than fifty years 
after the invention of the telescope, before any 


| discoveries were made on, the surface of this 
| planet, or any spots could be seen to determine its 
| rotation. 


Cassini, an “Italian astronomer, about 
the year 1666, was among the first who perceived 
‘several ‘dark spots on. the surface of Mars; and 
Dr. Hooke, in England, and Campani, at Rome, 


about the same time, made similar observations. 


It was found that all the features which the planet 


exhibits at any moment, gradually disappeared in 


twelve hours and twenty minutes, at the expira- 
tion of which time it exhibits an entirely different 
appearance; and, by continuing to observe its disc, 
the former features were scen to come successive- 
ly into view—and thus was its revolution round 
its axis ascertained, and the period of it accurately 
determined. Some observers have remarked that 
these spots do not always appear well-defined, and 
that they fea tly change their form; but: that 
some of, them continue always the same. It ap- 
pears probable that clouds exist in the atmosphere 


|of Mars, and that these, being occasionally inter- 


posed between the eye of the obsérver and’ the 
surface of the. planet, may cause the changes of 
appearance which have been observed., It is ad- 
mitted by all astronomers that an atmosphere, or 
body of air, of considerable density and extent, 
surrounds this planet; for it is found that small 
stars, as they approach the edge of its disc, suffer 
a gradual diminution in brightness, before they 
disappear, by the interposition of its body; and 
this obscurity of a star, when seen in such circum- 
stances, must arise from. its being viewed through 
a dense. medium connected with the planet. ‘The 
circumstance, therefore, of an atmosphere around 
Mars, combined with the fact that it has a revolu- 
tion round its axis, to. produce the alternate suc- 
cession of day and night, forms a strong presump- 
tive proof that this planet is an inhabited world, 
and destined to afford existence and happiness to 
numerous orders of beings. 

There is an intensely white spot which has been 
long observed around the pole of Mars, when, 
emerging from darkness, it first receives the sun’s 
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light; and this gradually diminishes in magnitude 
and brightness until the pole again withdraws it- 
self from the sun; and as regularly and certainly 
re-appearing, when the same pole emerges from 
the cold and darkness of its'‘winter. . For as the 


axis of Mars is inclined to its ecliptic, or the 


plane of its orbit, one of its poles is deprived of 
the solar light during eleven months, or one-half 
ofsits year, in the same manner as the north pole 
of our globe is in darkness from the end of Sép- 
tember to the 2st of March.’ Now, it has been 
supposed that, during this long winter of eleven 
months in the polar'regions of Mars, these regions 
are covered with snow, which is the cause of the 
white appearance about the. poles, when- these 
poles emerge from darkness; and, after long ex- 
posure to the sun’s rays, during the other eleven 
months, when the sun is shining upon them with- 
out interruption, these polar snows are ‘gradually 
dissolved, so as to leave the naked soil of that 
region exposed to view. 
The following are the results of Sir John Her- 





}have been taken of this planet. 
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schel’s observations on ‘this planét, made with a 
twenty feet reflecting telescope, He says that, 
on account of the clearness of its atmosphere, he 
has been enabled to observe, with perfect distinct- 
ness, the outlines of continents and oceans;’ that 
the Jand on its surface is distinguished by a red 
hue, which imparts to the planet the ruddy ap- 


|pearance if*has when viewed by ordinary tele- 
| scopes, and which its light exhibits to the naked 


eye. This redness he ascribes to a quality in the 
prevailing soil, like that which our red sandstone 
districts would exhibit to'an observer contemplat- 
ing the earth from the surface of Mars. The seas 
of this planet, he observes, have a greenish. hue, 
altogether resembling the color of our own. These 
spots, however, are not always to be seen equally 
distinct, because’ of the varying transparency of 
the atmosphere; but when they are distinctly seen, 
they always present the same appearance. The 
following are someof the telescopic views which 
Fig. 40 is one 
of the views taken by Sir J. Herschel with 


> 


Figs. 40-43. 
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twenty feet reflector. The dark portions are con- 


sidered to be water, and the white spaces land—at | 


a is the white polar spot described above. Fig. 
41 is one of the views given by Sir W. Herschel, 
which presents the appearance Of a portion of a 
sea, with a.guif running up into the land. Fig. 
42 is a view of Jupiter given by Maraldi, which 
he observed in 1704, and, by means of the promi- 
nence marked 6, he determined the period of ro- 
tation. Fig. 43 is a view of Mars, which we 
have several times observed about the time of its 
opposition to the sun. 

From the whole of what has been now stated 
respecting this: planet, the following conelusions 
may, with a-high degree of probability, be deduced 
—that it is environed with an atmosphere. of con- 
siderable extent, in which clouds probably exist; 
that the dark spots are water, or seas, which re- 
flect a much less proportion of the solar light than 
land, and probably cover about one-third of its 
surface; that a variety of seasons, somewhat simi- 
lar to ours} must be experienced in this planet, but 
of a much longer duration; and that it bears a 
more striking resemblance to the world in which 
we dwell than any otlier planet of the solar sys- 
tem. It was owing to observations made on this 
planet by the famous astronomer, 'I'yeho Brahe, 
and to the records of his observations having fall- 
en into the hands of Kepler, that the three great 
taws of planetary motion, 








ler’s Laws,” were discovered. These laws, which 
we may afterward notice, lie at the foundation of 
modern astfonomical science, and give precision 
to its principles. 


-. SECTION ITI. 
"yo: 
.. N THE NEW PLANETS. 


Wiruin the limits of the present century, four 
new planetary bodies’ have been discoveréd, none 
of which was known to former astronomers. 
They are named Vesta, Juno, Ceres, and Pallas. 
They. are all situate beyond’ the orbit of Mars, 
and within that of Jupiter, and present a variety 
of singular anomalies; but, as they are all invisi- 
ble to the unassisted eye, and can never be noticed 
by common observers, we shall give only a brief 
sketch of their history, and their magnitudes and 
motions, so faras‘they are known. From the in- 
terval of nearly three hundred and fifty millions 
of miles which lies between the ‘orbits of Mars 
and Jupiter, it was long conjectured, as highly 
probable, ‘that some undiscovered planet either 
exists, or had existed, in some part of this vast 
region, so as to present something like proportion 
in the arrangements of the system, when com- 
pared with the distances which intervene between 


generally termed ‘Kep- | the orbits of Mercury, Venus, the Eartli, and 
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Mars. This conjecture may be considered as| 


having been. in some degree realized by the dis- 
covery of four small bodies, situate in orbits at 
no great distance from each other, at an average 
of about a hundred millions of miles beyond the 
orpit of: Marsy. 5 > <6 7s, nas eet 
‘History of their Discovery—The first of these 
bodies which was discovered, was the planet Ceres. 
It was discovered at Palermo, by Piazzi,a Sicilian 
astronomer, in the constellation Taurus, on the 
Ist of January, 1801—being the first day of the 
preseat century—and within the limits of the 
next seven years, all ‘the other three bodies were 
discovered. After being lost for some time, it was 
re-discovered by Dr. Olbers, of Bremen, after.a 


series, of unwearied: observations—when its mo- 


tions and position in the. system were determined 
since which time, its place in the heavens can 
always be ascertained. Only fifteen months 
elapsed, after the discovery of Ceres, when Dr. 
bers, on the 28th of March, 1802, discovered 
the planet Pallas. ‘The planet Juno was discover- 
on the first of September, 1804, at the observa- 
tory of Lilienthal, near Bremen, by Mr. Harding, 


while’ he was endeavoring to form an atlas of all, 


the stars near the orbits of Ceres and Pallas, with 
the view of making’ further ’ discoveries. The 
planet Vesta was discovered on the 29th of March, 
1807, by Dr. Oibers, who had previously discover- 
ed) Pallas. He had previously conjectured that 
the three small celestial: bodies, lately discovered; 


were merely the fragments of a larger planet, | 


which had been burst asunder by ‘some internal 
convulsion, and that several. more might yet be 


discovered between the orbits of Mars and Jupi-’ 


ter. On this hypothesis he concluded that, as 


these fragments must all have diverged from the. 


same point, they ought to have two common 


points of reunion, or two nodes in.opposite re- | 


gions of the heavens, through which all the plane- 
tary fragments must sooner or later pass. One 
of these nodes he found to be in the sign Virgo, 
and the other in the constellation of the Whale— 
and it was actually in the Whale that Mr. Harding 
discovered the planet Juno. Therefore, with the 
intention of discovering other fragments of the 
supposed planet, if any should exist, Dr. Olbers 


examined three times every .year, all the small: 


stars in the opposite constellations of Virgo and 
the Whale—and his labors were crowned with 
-suecess, by the discovery of a new planet, in Vir- 
go, to which he gave the name of Vesta. 

The magnitudes of these bodies, on account of 
their comparatively small.size, and the difficulty 
of measuring their. apparent diameters, have not 
yet been accurately determined. T lowing 
is a brief summary of -what has been ascertained 
respecting their distances, motions and magni- 
tudes. The planet Vesta, which was last. dis+ 
covered, is considered as the nearest to the’ sun. 
Its distance from that luminary is reckoned to be 
about 225 millions of miles, and it revolves about 
the sun in 1325-days, or in three years, seven 
months and a half, moving at the rate of 44,000 
miles an hour. Some have estimated its diameter 
at 276 miles, and if so, it will ‘contain 229,000 
square ‘miles on its surface. But it is probable, 
from a variety of circumstances, that it is con- 
siderably larger in size than what is here stated. 
The distance of Juno from the sun is 254 millions 
of miles, and it accomplishes its revolution in four 
years and ‘one hundred and twenty-eight days, at 
the rate of 41,850 miles an hour. Its diameter is 
estimated by certain German astronomers, at 1425 
English miles. It is of a reddish color, and is 
free from any nebulosity,'and is supposed: to be 
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environed with a dense atmosphere. The planet 
Ceres is 263 millions of miles. from the sun, and 
finishes its revolution in four years, seven months, 
and ten days. Its real diameter is estimated at 
1624 miles, so that its surface will contain more 
than eight millions of square miles; but its atmo- 
sphere is reckoned at about 675 miles in hight. 
It is of a slight ruddy color, and appears like a 
star of the eighth magnitude. The planet Pallas 
is distant from the sun about 263 millions of 
miles, or about the same distance as Ceres, and 
completes its revolution ‘in four years, seven 


‘months, and one-third of a month, which is within 


a day of the time of the revolution of Ceres. 
Schroeter, a German astronomer, considered this 
planet as the largest of the four, and he estimated 
its diameter to be 2099 miles, and consequently 
nearly the size of our moon. It presents a ruddy 
aspect, and is surrounded with a nebulosity, 
somewhat like Ceres, but not so extensive. It is 
distinguished from all the other planets by the 
very great inclination of its orbit to the plane of 
the ecliptic, which is no less than thirty-four de- 
grees thirty-seven minutes. 

These four planets present to our view certain 
singularities and anomalies, which, at first view, 
appear incompatible with the harmony and pro- 
portions which we might suppose originally to 
nave characterized the arrangements of the plane- 
tary system.’ 1. Their orbits are in general more 
eccentric than those of the other planets; in other 
words, they move-in longer and narrower ellipses. 
The eccentricities-of the orbits of Juno and Pallas 
amount nearly to one-eighth. part of the, trans- 
verse axes_of their orbits; whereas the eccen- 
tricities of the orbits of Jupiter and Uranus .are 
only the one forty-third part, and that of the 
earth, ‘one. hundred and es te Hence it 
follows, that Pallas'and Juno will sometimes be 
129 millions of miles farther from the sun at one 
period ‘than at another. 2. Their. orbits have a 
much greater degree of inclination to the ecliptic 
than those of the. other planets; that of Pallas be- 
ing no less than thirty-four degrees and. a half, 
which is twenty-seven times greater than that of 
Jupiter. 3. They revolve nearly at the samo 
mean distance from the sun. .The mean distance 
of Juno is 254,000,000; of Ceres, 262,903,000, and 
of Pallas, 262,901,000 of miles; while in the case 
of all the other planets, many millions of miles, 
sometimes amounting to hundreds, intervene be- 
tween their orbits. 4. They perform their revo- 
lutions in nearly the same periods: The period 
of Juno is four years, four months and a half; of 
Ceres, four years, seven months and a half; and 
of Pallas, four years, seven months and a half; 
whereas the periods of the old planets differ, very 
considerably from each other: that of Mars being 
less than two years; that of Jupiter, twelve years; 
of Satarn, nearly thirty years;.and of Uranus, 
eighty-four years. 5. The orbits.of. some.of these 
planets cross each other. This is a very singular 
and unaccountable circumstance in regard to 
planetary orbits, and cannot possibly happen in 
the case of the other planets, or any of their satel- 
lites. This is represented in the following dia- 
gram, fig. 44. The orbit of Vesta crosses the . 
orbits of the other three, and therefore it is a -pos- 
sible circumstance that a collision might take 
place between Vesta and these three planets at the 
points of intersection a and 6; and were it ever 
to happen, the consequences would be dreadful to 
both planets. ; 

. Within avery short period, a new planet has 
been discovered by Mr. Hencke, of Dreisen, in 
Prussia. It appeared like a star of the ninth mag- 
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hes: in a place where, before, there was none. 
This thacotery was aade on the 8th of Decem- 
ber, 1845. Its place on December the 14th, as 
found by Professor Encke; of Berlin, at six hours | 
twenty-eight minutes, wie, right ascension, 64 


’ Fig. 44. 


ra 





deg. 4 min. 53'see. At thirteen hours, 34 min. 55 
sec., its right ascension in time was 4 hours, 16 
min., 2 sec. Declination’ north, 12 deg. 39 min. 
53 sec. At fourteen hours, 33. min. 27 sec. 
Right ascension in time, 4 hours 16 min. Decli- 
nation north, 12 deg. 39 min. 52 see. Its motion 
was retrograde, and its daily amount, as deter- 
mined from the observations, 8 hours apart, was, 
in right ascension, 14 min. 21 sec. In deelina- 
tion, its motion was quite insignificant. This 
moving body was afterward observed in England 
by Messrs. South Airy, and others;> aud. from 
their observations and those of foreign astrono- 
mers, it has now been determined to be a planet 
belonging to the solar system, to which the name 
Astrea has been given. ' 
From the notes of Astrea’s position given by 
Encke and Schumacher, M. Faye, a French as- 
tronomer, has calculated the elements of its orbit. 
They are as follows :— gee 
Deg. Min. 


Epoch, 1845, Dec. 14,....... 71. 13:6 
Longitude. of ascending node, 135: 14.6 
Inclination; ooo Koro a As eng ND 
Semidiameter of orbit,....... 024 
Movement, 3. v0. elie wee direct. 


Period of sidereal revolution, 4 years 2 months. 


It appears, therefore, that Astrea has a certain 
relation to the four minor planets, revolving be- 
tween Mars and Jupiter, which were discovered 
about the beginning of the present century. This 
relation will appear at once when their elements 
are compared, as in the following statement :— 


Mean dist. | Mean period Inclination of 
from the sun. in dayss orbit. 
Vesta, ... .2.3678 1325 LO Bea 
Juno, .... 2.6690 1592 13 A aud 
Ceres, .. | .2.7672 1681 10. ~87.,; 26 
Pallas, «.. .2.7728 1686 D4 B4ekSS 
Astrea,. ..2.6024 1521 6 1 2 


In the element of distance, that of the earth 
from the sun is taken asa unit. The distance of 
Astrea from the sun is to that of the earth as 
2.6024 to 1.000, or in round numbers as 26.to 10. 
It follows that Astrea revolves round the central 
luminary at the distance of 247,000,000. miles. 





| that these planets are only the fragments of a la 





In its distance and period of revolution, Astrea 
agrees most nearly with Juno, in inclination with 
Mesta.us 2%) Ove Ee fee 
The discovery of this planet affords a strong 
corroboration of the hypothesis which supposes 
that the. four new planets formerly discovered, 
originated from the sy 1 ag of a large planet 
which formerly moved between Mars and Jupiter. 
Such a catastrophe is involved ina great mystery; 
and yet, without supposing it to have taken place, 
we can scarcely account for the peculiarities of 
these planets, which form anomalies in the solar 
system. It is not improbable that. other bodies, 
originating from the same source, may yet -be 
discovered. 
Such anomalies and singularities, in the case 


_ | of these lately discovered bodies—so very different 
| from.the arrangement, of the other planets—have 


opened a field for speculation and inquiry. It has 
been supposed, on somewhat plausible groun 








planet which had been burst asunder -by 
immense eruptive force proceeding fi its int 
rior parts. ‘This hypothesis accounts in a great 
measure for the anomalies and apparent irregula~ 
rities- to. which we have alluded, particularly for 
the intersection of their,orbits, and for the fact, 
that the planets are not round, as is indicated ‘by 
the instantaneous diminution of their light, when 
they present their angular faces. It has also been 
supposed that the smaller fragments thatmay have 
escaped at the time of the disruption, may account 
for some of the meteoric stones which at different 
times have fallen from,;the higher. regions upon 
our globe. 

Whether we consider the present peculiarities, 
positions and motions of these planets,'‘as accor- 
dant with the state in which they were: originally 
created, or whether we view them as the effects 
of some tremendous shock or disruption, there ap- 
pears to be something sublimely mysterious and 
worthy of attention in the physical—not to say 
moral—arrangements of the Almighty, in the state _ 
in which these bodies are now found. If they 
were originally arranged in the position and order 
in which they now appear, they present an anoma- 
ly, a want of proportion and harmony, to whatever _ 
appears elsewhere throughout the whole range of 
the system. And, if their present phenomena be 
the effects of some dreadful concussion, the fate 
of the beings that inhabited the original planet 
must have been involved in the awful catastrophe. 
We need not be much surprised, although such an 
have taken place, nor should we con- 
consistent with what we know of the 
|moral government ‘of the Almighty. 
t somewhat analogous ‘happened to 
our own globe, at that period when “the cataracts 
of leaven'were opened, and the fountains of the 
great deep were broken up,’’ when a flood of wa- 
ters ensued which coyered the tops of the loftiest 
mountains, transformed the earth into a boundless 
ocean, and buried the myriads of its population 
ina watery grave. And we profess to believe 
that a period is approaching when the great globe 
we inhabit shall undergo a tremendous change, 
and its elementary parts be dissolved, when the 
aérial “heavens shall. pass away witlra great noise, 
and the elements shall melt with fervent heat, the 
earth also, and the works that are therein shal) bo 
burned up.” oe 

All the parts of the material system jare liable 
to change; and we have no reason to conclude, 
that, throughout the future periods of duration 
the earth is the only globe in the universe whose 
present constitution and aspect shall undergo an 
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important change: Asitis probable thatthe work of 
creation is incessantly going forward throughout 
afferent regions of immensity, so it ishighly proba- 
ble that numerous changes and renovationsare tak- 
ing place in those departments of. creation which 
have long existed, in order to present new scenes 
and new manifestations of the perfections of the 
Creator to the view of the intelligent universe. For 
the whole system of creation appears to be in in- 
cessant motion; there is not an orb in the firma- 
ment, among all the millions it contains—whether 
great or small—but is in rapid and. perpetual mo- 
tion through the vast spaces of infinitude, and, in 
the course of ages, these movements, conducted by 
certain laws, under the direction and superinten- 
dency of the Supreme, may produce changes and 
revolutions which will add to the grandeur of the 
material universe, and excitethe admiration of the 
intelligent system. He only isimmutable who ex- 
isted from eternity past, who’ gave birth to ~all 
ted beings, whose presence fills the immensity 
ace, and of whose years there shall be no 
end. And@throughout all the regions of ‘space, so 
far as the material creation extends, his moral. go- 
yvernment is exercised, in a thousand different 
modes, corresponding to the rectitude, the wisdom 
and the benevolence of his character, andithe con- 
dition of the intellectual beings he has formed. 
For wherever power, wisdom, and intelligence are 
displayed, there also must all the other perfections 
of the Almighty be in incessant’ operation; .and 
hence we are informed, that ‘he doth according to 
his will in the army of heaven” as well.as among 
“the inhabitants of the earth.” 







SECTION IV. 


ON ‘THE PLANET JUPITER. 


Tus planct is’ the largest body connected with 
the planetary system the sun only excepted. - It 
is situate about 232 millions of miles beyond ‘the 
orbit of Pallas, 350 millions beyond the orbit of 
Mars, and 495 millions from the sun’ When 
nearest the earth, it is 400 millions of miles distant 
from us, and when in the remotest part of its or- 
bit from the earth, it is 590 millions of miles dis- 
tant. Notwithstanding this immense distance, 
owing to its great magnitude; it appears the most 
brilliant star’'in the heavens next to the planet 
Venus. Its revolution round the sun is accom- 
plished in four' thousand three hundre nirty- 
two days and a half, or about 11 years, 
and 17 days,during which it performs a circuit 
of more than’three thousand millions of miles, at 
the rate of more than twenty-nine thousand miles 
an hour. Its diameter is no less than eighty-nine 
thousand rniles; its circuinference two hundred 
and seyenty-nine thousand miles, and its surface 
twenty-four thousand eight hundred and eighty 
millions of square miles, which is more than one 
huygres and twenty-six times the area of our 
globe. But as globes are to.each ,other as the 
cubes of their diameters, and the cube of Jupiter’s 
diameter is 704,969,000,000,000 miles, and the 
cube of the earth’s diameter is 498,677,257,000; 
divide the cube of Jupiter’s diameter by that of 
the earth, and the quotient will be 1413; showing 
that Jupiter, as a solid globe, is one thousand four 
hundred and thirteen times larger than the earth. 
This huge planet moves round its axis in the space 
of nine hours and nearly fifty-six minutes; which 
is a more rapid rotation than that of any of the 
other planets. Its equatorial parts will move with 
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a velocity of twenty-eight thousand miles an hour, 
which is twenty-seven times more rapid than the 
earth’s rotation, by which the inhabitants at the 
equator are carried along at the rate of 1037 miles 
an hour. ‘The rotation of this planet was first de- 
termined ‘about the year 1665, by Cassini, by ob- ~ 
serving the gradual motion and revolution of a 
spot which appeared to move from one side to an- 
other of its-disc, and returned again to. the same 
point in nine hours and fifty-six minutes, and as 
the spot was evidently connected with the body 
of the planet, the conclusion was evident, that the 
planet itself. turned round its axis. Hence we 
learn, that there is an alternate succession of day 
and night on Jupiter, analogous to that which we 
experience on the earth; but the days and nights 
aré much shorter than ours, and the sun and the 
moons which belong to this planet; together with 
the whole frame of the heavens, will appearsto 
move around it:with a much greater rapidity than 
what appears from our terrestrial habitation. 

‘The axis of this planet being nearly perpendi- 
cular to the plane of: its orbit, it. cannot have the 
same variety of seasons as the earth and Mars. 
Its inclination, however, is three degrees, five mi- 


%, 


‘nutes, which will produce a slight change of sea- 


sons both in the polar and equatorial regions. 
Had the axis been as much inclined to the orbit as 
in the case of the earth, the polar regions would 
have been deprived of the light of the sun for 
nearly six years without interruption. And al- 
though the. light and heat of these regions cannot 
be so great as in’ other: parts of the planet, yet 
there are many ways unknown to us, by which 
the All-wise and Beneficent Creator may render 
every region of this globe a comfortable habita- 
tion for both sensitive and intelligent beings. 

The apparent motion of this planet, like that 
of Mars, formerly explained, is sometimes direct, 
‘sometimes’ retrograde, and sometimes ‘stationary. 
Its retrograde: motion commences or finishes when 
it is at a distance from the sun, which varies from 
11314 to 116g degrees. The ‘are which it de- 
scribes in this case varies from 9 degrees, 59 mi- 
nutes, to 9 degrees, 51 minutes, and its period of 
duration from 116 days, 18 hours, to 122 days, 12 
hours. Its apparent motion through the signs of 
the zodiac is, at an average, at the rate of a little 
more than thirty degreesin a year. It is at pre- 
sent (April, 1846), near the beginning of the sign 
Gemini, and will be in opposition to the sun on 
the 3d of December, about which period it rises 
near the time of sunset, in a direction nearly 
north-east, and will be seen shining in all its splen- 
dor, ina clear evening, until five or six o’clock 
the next morning. During the following years, 
it will be somewhat more than a month later, 
every year, before it arrive at its opposition: but 
it will be a conspicuous object in the heavens, du- 
ring the winter evenings, for several successive 
years; and as it is the most brilliant planet in the 
heavens—with the exception of Venus—it is easily 
distinguishable from all the surrounding stars by 
its superior luster. 

This planet, when viewed through a good tele- 
scope, presents a.very splendid and interesting ap- 
pearance, especially when its moons are arranged, 
two on each side, at nearly equal distances from 
the planet and from each other. When a magni- 
fying power of above a hundred times is. used, its 
surface appears much larger than the full moon 
does to the naked eye.* The most striking ap- 
pearance on the surface of this planet isa series 





* Those who are not accustomed to view the heavenly 
bodies through telescopes, are apt to imagine that they are 
not nearly so much magnified by the instrument as they rea!- 
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darkish stripes, which run across its dise paral- 
lel to its equator, which aregenerally denominated 
its belts. . They were first discovered by Fontana, 
and two other Neapolitans, about twenty-five 
years after the invention of the telescope. They 
were afterward. more particularly described . by 
Cassini; who. was enabled to view them with 
more powerful telescopes: Their number is va- 
riable—sometimes eight have been seen at one 
time, and sometimes only one or two have been 
digg tly visible. Their general appearance. for 
several years past, as viewed with telescopes mag- 
race from one hundred to one: hundred and 





hty times, is as follows:—two dark belts, one 

n each side of the planet’s equator, and two fainter 
ones, one at each pole, somewhat broader than the 
equatorial belts. Sir James South states, that when 
he was making observations with his twenty-feet 
achromatic telescopes, with powers of 252 and 346, 


he perceived Jupiter “literally covered with beits.”’ | 


These belts, though generally parallel to each other, 
are not always so—for a portion of a belt has 
‘been seen in.an oblique position to the rest. At 
certain times the belts have continued without 
_ sensible variation for six or eight months, and, ac- 
cording to some observers a new belt has been 
formed in the course of a few hours., 
_ It hag been a subject of much speculation and 
conjecture among astronomers,-as to the views 
we should entertain respecting the nature of these 
belts, and the causes which operate in producing 
the changes whieh occasionally take place among 
them. 
point, it is.pretty evident that the dark stripes or 
belts are the real body of the planet, and the 
bright spaces between them are either clouds in 
its atmosphere, or circular zones, liable to varia- 
tions, which surround the planet at a certain dis- 
tance from its body. Some have insinuated that 
the changes among these belts are owing to great 
physical convulsions occasionally taking place on 
the surface of Jupiter—an opinion altogether im- 
probable. Others suppose that the bright streaks 
are the external surface of masses of clouds: dis- 
posed in rows, and that such a disposition of 
clouds might be produced by prevailing winds 
blowing in a direction. parallel to the equator of 
the planet. They have been compared to our 
trade-winds, which are considered as the necessary 
effect. of the earth’s diurnal rotation, combined 
with the influences of the solgoat upon. the 
tropical belt of the earth; and that the rapid diur- 
nal motion of Jupiter will cause the trade-winds 
in that planet to have a permanence, force and 
range, which would produce a distribution and ar- 





ly are. With a power of one hundred times, most persons 
would imagine that Jupiter appeared much less than fhe 
moon to the naked eye; and yet it may be proved that such 
a power presents this planet to the eye with a diameter of 
about twice that of the apparent size of the moon, The 
mean apparent diameter of Jupiter is thirty-eight seconds; 
which, being multiplied by one hundred, the magnifying 
power, produces three thousand eight hundred seconds, which 
is equal to sixty-three and one-third minutes. Now, the 
mean apparent diameter of the moon is thirty-one minutes, 
twenty-six seconds, the double of which is sixty-two minutes, 
fifty-two seconds, which is less than the apparent size of Ju- 
piter when magnified one hundred times. _ But, when in op- 
Ne Jupiter’s apparent diameter is forty-seven and a 
alf seconds, and consequently, at such a period, this planet 
will appear still larger. In order to produce full conviction 
of the accuracy of the above statements, an observer should 
view Jupiter, when in the immediate vicinity of the mooh, 
and, looking with one eye through: the telescope, and with 
the other at the moon, endeavor to make the image of Jupiter 
in the telescope to coincide with the moon, and he will then 
clearly perceive the proportion of their apparent magnitudes, 
From what has been now stated, it appears that a magnify- 
ing power of fifty times will make the disc of Jupiter appear 
as large as the moon to the naked eye. ; 


Whatever opinion wé may form on this | 
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rangement of the clouds g in itsatmospher., 
such as we observe in the appearance of its belts. 
. This is an opinion which very generally pre- 
vails among astronomers; but we do not think 
that it will fally account for the phenomena of 
the belts, or that it is consistent-with the, idea of 
a habitable world. the trade-winds in Ju- 
piter were increased, locity and force, twenty - 
seven times greater than our trade-winds—which 
is admitted -by those who hold this opinion—then 
their violence would ea as to drive everything 







before them along thi face of the planet, and 
there would be no pos sibility of living igs 
moving in opposition to such rapid’currents, It 
is reckoned that, in a high gale, the wind moves 
at the rate of about thirty-eight miles an hour— 
multiply this number by twenty-seven, and the 
product, 1026, will give the velocity of a gale in 
Jupiter, in the same time. Now, it has been 
found, that a West India hurricane; blowing at 
therrate of a hundred miles an hour, has bl 

heavy cannon out of a battery, torn up trees 

the roots, and carried huts, sheds, and human 
beings to a considerable distance through the air. 
What, then, would be the force of a gale moving 
at the rate of a thousand milesan hour? And, 
much more, what would be the force of a hurri- 
cane in Jupiter, moving at the rate of two thousand 
seven hundred miles an hour? On such a globe 
as ours, it would overturn and demolish every- 
thing upon its surface, so that our strongest and 
most stately buildings could not possibly resist its 
force. Such a’state of things appears altogether 
inconsistent with the idea-of a comfortable habit- 
ation either for sensitive or intellectual beings. It 


‘is much more consistent with the imperfection of 


our knowledge, at once to acknowledge our igno- 
rance, and to wait for future discoveries on this 
subject, than to broach opinions which lead to 
such consequences. 

The following figures represent different views 
of the belts of Jupiter. Fig. 45 represents one of 
the views taken by Cassinijin which about eight 
or nine belts appear, some of'.them somewhat 
broken and irregular... Fig. 46 represents another 
view; in which there appears an oblique belt form- 
ing a connection with two ddjacent belts, as. if it 
were a fluid running from the one into the other. 
Some have attempted to trace a resemblance in 
the changes of the belts and spots to what would 
appear upon the disc of the earth, viewed at 
such a distance as would bring it to the size of 
Jupiter. It is supposed that the great ocean, 


whi irons our globe, would resemble the 
prine It of Jupiter; the Mediterranean, one 
of t en belts; the Caspian Sea, a large spot; 
some of our largest islands, the’ bright spots seen 


in the belts, as in fig. 45; and the clouds stretched 
round the equator of the earth, the changeable 
belts. . But such views are more fanciful than 
accordant with the observed phenomena of this 
planet, and we must wait for further discoveries 
before we come to any decisive conclusions on this 
subject. Perhaps the Earl of Rosse’s great tele- 


“scope, which is now in use for celestial observa- 


tions, may be the means of throwing some further 
light on this stbject, and enable us to form more 
correct views of the belts, spotsyand other pheno- 
mena of this planet. It has already resolved cer- 
tain nebul into stars, which were formerly sup- 
posed to be unresolvable. Fig. 47 represents a 
telescopic view of Jupiter and his four satellites, 
when two of them happen to be on each side of 
his ‘disc. The belts, as represented in this figure, 
are nearly similar to what they have appeared for 
several years past. “ 
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We may just et. ae following additional 
particulars respecting this planet:—N otwithstand- 
ing the brilliancy with which it appears in our 
nocturnal sky, its light, derived from the sun, is 


‘ 27 times less than what falls upon the earth; and 


the diameter of the sun, as seen from Jupiter, is 
only 6 minutes, 9 seconds, or about one-fifth of 
the diameter the sun appears to us. The figure 
of this planet is that of an oblate spheroid— 


the equatorial being more than six thousand 


Its density, 

compared with that of water, is as 1 3'; to 1—in 
other words, it is somewhat denser than water. 
Although it is one thousand four hundred times 
larger than the earth in bulk, yet it would weigh 
only three hundred. and twelve globes of the same 
size and density as our globe. Its mass, as com- 
pared with that of the sun, is as 1 to 160,709. A 
body weighing one pound at the equatorial sur- 
me of the earth, would, if removed to the surface 


miles larger than the nei ae 
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of Jupiter, weigh 2*pounds, 4 ounces; 8, avawaa. 

The eccentricity of its orbit,in miles, is 23,810,- 

000, and the inclination of its orbit to the ecliptic 


is 1 degree 19 minutes. In the firmament of Ju- 
piter, no planets will be visible to such eyes as 


+ 


ours, excepting Saturn and Uranus. An observer,) . 


placed on this planet, would have no suspicion — 


that such a globe as our earth had an existence in 
the universe—all its fancied \splendors and_ its 
proud inhabitants are as much unnoticed and un- 
known as the smallest animalcule in a drop of 
water to the unassisted eye. To his satellites, 
Jupiter will appear as a‘large and resplendent 


moon in their firmament, filling’ a considerable © 


portion of the sky; from the surface of the firs 
satellite it will appear above a thousand times 
larger than the moon does to us, and will, in suc- 
cession, present to it all the diversified phases of 
the moon—a ‘crescent, a gibbous phase, a half- 


moon, and a full enlightened hemisphere. 


Figs. 45, 46, 47. 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SECTION V. 
On THE SATELLITES OF JUPITER. 


Tus planet is accompanied by four satellites, 
or moons, which revolve around it in different 
periods of time. , The discovery of these revoly- 
ing bodies was among the first enterprises accom- 
plished after the invention of. the telescope; they 
were first discovered by Galileo, an Italian as- 
tronomer, in the beginning of the year 1610. ° In 
his book, entitled “Sidereus Nuncius,”’ he gives 
us ‘a particular account of their discovery, and 
the numerous observations he made on their 
motions and relative positions, accompanied with 
sixty-four figures of their various aspects at dif- 
ferent times. On the 7th of January, 1610, in 
the evening, while observing the stars with his 
newly-invented telescope, he perceived Jupiter 





making his appearance, and, applying his instru- 
ment ‘to that planet, he perceived three small 
bright stars very near it, two on the east side and 
one on the west. ‘These he took to be fixed stars 
at that time; but, Happening the next night to 
view them again, he saw them all three on the 
west side of Jupiter; which made him greatly 
wonder how this could be, for it was an event 
quite inconsistent with the theory of the planets 
and fixed stars. On the tenth night he saw but 
two,'and both on’ the east of Jupiter;,on the 
eleventh also he saw but two, and both on the 
same side; but one of these was twice as large as 
the other—and, hence, he was sure they were not 
the same he saw the night before. On the thir- 
teenth night, viewing them again, he saw four of 
these small stars, three on the west side of Jupi- 
ter, and one on the east side, all nearly ina straight 
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center of the primary planets, so Jupiter is the 


e 

. 

i... tae 
n the fifteent beheld all the four on 
st side of the planet, nearly inva straight 
d at equal intervals from Jupiter and from 
each other. These were all he could ever dis- 
cover; and, by constantly observing their situa- 
ion and changes, found that they were not, fixed 
tars, but moons, or secondary planets, revolving 
about Jupiter in the same manner as’ the primary 
planets revolve about the sun. The telescope 
with which these observations were made magiii- 

fied : | thirty-three times. 

se satellites form a system of revolving 
bodies, somewhat similar to the great system of 
sun and primary planets. As thé sun is the 











immediate central body around which the satel- 
lites revolve; but while these revolutions are 
going forward, the satellites are at the same time 
carried along with Jupiter in his course round the 
sun. The satellites:are governed by the same 
laws as the primary planets; they describe equal 
areas in equal times; \and have the squares of their 
periodical times proportioned to the cubes of their 
mean distances from the planet. They revolve 
from west to east, in the same direction as the 
moon and the primary planets—and in planes 
very nearly, though not exactly, coincident with | 
the equator of the planet, or' parallel to its belts. 

Accordingly, we see their orbits projected’ very 

nearly into straight lines, in which they appear to 





— oscillate to and aK sometimes passing before Ju- 


_ equal at the time of their eclipse, which is impos- 
x 


piter, and casting shadows on: his disc, and some- } 
times disappearing behind his body, or being |. 
eclipsed by his shadow at a distance from it. It 

has been established, from observation, that 247 

revolutions of the first satellite, 123 revolutions | 
of the second satellite, and 61 of the third satel- 

lite, are performed exactly in the.same number of |’ 
days. It has been found, by La Place, that “the 
epoch (or mean longitude) of the first satellite, 
minus three times that of the second, plus two 
times that of the third, is exactly equal to a semi- | 
circle, or 180 degrees.” From ‘this: it follows, 
that the first three satellites of Jupiter can never 
be eclipsed at the same time; for, if this were pos- 
sible, the longitude of three satellites would be 


sible. 

These satellites suffer numerous eclipses in | 
their revolutions round Jupiter. The first three 
suffer an eclipse every time they in opposition 
to the sun. ‘The first is in opposition every forty- 
two and a half hours, and consequently suffers 
about eighteen eclipses every month. The second 
and third likewise suffer a variety of eclipses 
every month; but the fourth satellite frequently 
passes its opposition without being involved in 
the shadow of Jupiter, as its orbit has a greater 
degree of inclination to the orbit of Jupiter, than 
those of the other satellites. During. the year 
1845, there happened 174 visible eclipses of the 
first satellite, 88 of the second, and 45 of the 
third—beside those which are invisible on ac- 
count of Jupiter’s nearness to the sun. Whereas 
the fourth satellite did not suffer a single eclipse 
during the year 1846. These satellites may be 
seen with a telescope magnifying about twenty- 
five or thirty times; but, in order to see their 
eclipses to advantage, the telescope should be fur- 
nished with powers of 100 or 200 times. The 
circumstances to be chiefly observed, in reference 
to the satellites, are, their eclipses—that is, their 
entering into the shadow of Jupiter, when they 
suddenly disappear, or their emersion from it; 
their occultations or disappearance behind the 
body of the planet; their transits or passage across 
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its dise; and the trast of th shadows acro 
the face of Jupiter, which appear like dark spots 
on a bright ground—all. which okies. 
be perceived by means of powerful telescopes. 
When they pass across the dise of Jupiter, and 
j i mn its surface, this produces a 
places over which. the 







solar eclipse to all 
shadow passes. 
It has been concluded, from observations made 
by Sir W. Herschel and others, that the satellites 
of, Jupiter always turn the same face to the planet, 
and make one rota’ n their axis during one 
revolution round the planet—which.corresponds 
with what we find in the case of, our moon, — 
which, as formerly noticed, always turns the same 
hemisphere 1o the earth. The following table 
shows the magnitudes of these bodies, their times 
of revolution, their distances from Jupiter in 
miles, and the duration of their eclipses: _ 


Diameter Dist. from _ Times of Duration 
in Miles, Jupiter. Revolution. tee 
Ist satellite, 2,508 260,000 Jd. 18h. 28m. 2 hour! 
Qd 2,068 420,000 3°13 14% 3 
3d 3,377 670,000 7 3 43 3% 
4th 2,890 1,180,000.16 16 32 5 


The fourth satellite is about three times the bulk 
of our moon, and all the satellites taken together 
are equal *to nearly thirteen of our moons. The 
number of square miles on the surfaces of all the 
satellites is above ninety-five millions: Fig. 48 


shows the orbits of the four satellites, though not 
in the exact proportion of their distances from Ju- 
piter—the fourth satellite being nearly double the 


ent Lig. 48. 








distance of the third. When a satellite moves 
through the part of its orbit a bc, which is far- 
thest distant from the earth—which is supposed 
to be placed in the direction r—it appears to move 
from west to east; but when it~ moves’ through 
the other portion of its orbit, ¢ da, it appears to 
move from east to west. But, as our eye is nearl 

on a level with the plane of the orbits of these 
satellites, their. motions appear to be performed 
nearly in straight lines. Though their enlighten- 
ed sides are almost constantly turned toward the 
earth, yet they present all the varied phases -of 


% 


] s of space. 
found that'a difference xteen and a half min- 
_ utes existed between the times when the eclipses 


ra : * \ 
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lf—sometimes appear- 
times as half moons, and 


Ne moon to Jupi! 


ing as crescents, so 


sometimes shining with full enlightened hemi-' 


spheres. . 

The eclipses.of these sa 
of great utility in detern 
places on the surface of: « 
much more accurate af asy than was known 
prior to their discovery. © They also led to the dis~ 
covery of a sublime and unexpected fact, namely, 
the motion of light, and the, rate at which. it is 
propagated through th It was 


ites have been found 
ing the longitude of 
lobe, in a manner 











were seen, when Jupiter was nearest the earth, 
and when he was farthest distant; and it-was con- 
cluded that light requires this space of time to 
fly across the earth’s orbit, which is one hundred 
and ninety millions of miles in diameter, and, 
consequently, that light moves witha velocity of 
about one hundred and ninety-two thousand miles 
every second. This conclusion ‘has been fully 
confirmed by Dr. Bradley’s discovery of the aber- 
ration of the light of the fixed stars: 

The four moons, which accompany this planet, 
must exhibit many curious and sublime phenome- 
na to its inhabitants, as they perform their noctur- 
nal courses through their firmament. Sometimes 
they will be seen eclipsing the sun, and, at other 
times, the stars, and sometimes, eclipsing each 
other.. Sometimes two, three, and even all the 
four will be seen shining in the heavens in one 
bright assemblagé—one, perhaps, in the form of 
a crescent; one with a gibbous phase; one like a 
half moon; and the other with a full enlightened 
hemisphere; one moving comparatively slow, and 
another rushing rapidly through the sky, and 
leaving all the others behind it; one under a total 


_ eclipse, another entering into it, and a third emerg- 


ing from it. These, and many other celestial phe- 
nomena, must be highly interesting and gratify- 
ing to 5 eee and all others in that far 
distant world. The eelestial scenes exhibited from 
the satellites themselves will be no less interesting 
and sublime. ‘From the surfaceof the first satel- 
lite, the globe of Jupiter will appear like an im- 
mense body in the firmament, above a thousand 
times the size that the moon appears to us, and 
filling a large portion of the sky; and it will ex- 
hibit, in the course of twenty-one hours, a cres- 
cent, a half moon, a gibbous: phase, and.a full en- 
lightened hemisphere, with all the variations of 
the belts which diversify its surface. Beside, the 
appearances of the other three moons in its firma- 
ment will be highly interesting. Atcertain times, 
one of these moons will come so near the first 
satellite as to appear three times larger than the 
moon does to.us, and, at other times, it will ap- 
pear sixteen times smaller than in its former posi- 
tion; and a variety of other phenomena will be 
presented, which it would be too tedious to de- 
scribe—all which will present to view objects of 
overpowering grandeur, far superior to what we 
behold in our nocturnal sky. 

On the whole, the planet Jupiter, as accom- 
panied with his satellites, presents to our view an 
object of surpassing grandeur and sublimity, when 
we contemplate the vast magnitude of this mag- 
nificent globe, and the velocity with which it 
flies through the. regions of space. Let us con- 
ceive, if we are able, a globe, fourteen hundred 
times the size.of our world, with a surface capa- 
ble of containing a number of inhabitants, eight 
thousand times greater than the present popula- 
tion of our globe; let us conceive such a globe 
revolving round its axis at the rate of four hun- 
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dred and sixty. miles Bg rinntes and flying 
through the regions of the heavens at the rate of 
nearly thirty thousand miles every hour, carrying 
along with it four revolving worlds in its swift 
career, and continuing this rapid course, without 
intermission ; from one»century to another, for, - 
thousands of years-——-and we behold a. scene, cal- ¥ 
culated to fill every reflecting mind with admira- 
tion and astonishment. While contemplating 
such a scene, can we forbear raising our thoughts 
to that Almighty Being, who at first formed 

mighty globe, and launched it from. his 


© 







ful arm, and. whose incessant energy sustain: 

it in its swift career from age to age? Here a 
we behold a demonstrative ‘proof that ‘pow 
belongeth unto God ;” that his greatness is un- 
searchable;’’ that *‘‘all nations before him are as 
nothing;”’ that there is none like unto Jehovah, 
nor any,works like unto his works; that He 
“doth great things, and unsearchable,”’ and!‘ mar- 
velous things without number.’? And-here we 
have palpable evidence to confirm our belief that 
there can be nothing beyond the power of Jeho- 
yah to accomplish, and that we may rest secure 
that all the promises and predictions of his word 
shall, in due, time, be fully accomplished, to the 
eternal happiness of all those who put their trust 
in Him: “For the Lord God omnipotent reigneth, 
his kingdom ruleth over all;” and his faithfulness 
is established ‘in. the very heavens.” . 


me 
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Tus. planet is situate at nearly double the dis- 
tance from the sun as the planet Jupiter—an im- 
mense interval of 410 millions of miles interven- 
ing between the orbits of these planets, although 
next to each other in the order of the system. Its 
distance from the sun bas been estimated at 906 
millions-of miles; when nearest to the earth, it. is 
811 millions of miles distant from us; and, when 
most remote, it is distant above a thousand. mil- 
lions of miles, It tekes nearly thirty years to 
perform its revolution round the sun —during 
which period it moves round a circumference of 
nearly. five thousand seven hundred millions of 
miles, at the rate-of twenty two thousand miles 
every hour. WY eriod of rotation was for a long 
time, unknown; but Sir W. Herschel, from ob- 
serving the motion of some spots on ils surface, 
at length ascertained that it turned round its axis 
in the space of ten hours, sixteen minutes, and 
nineteen seconds. 

When viewed by the naked eye, this planet 
presents the appearance of a nebulous star, of a 
dull leaden color, which would lead one, at first 
sight, to imagine that it could, present no very 
interesting appearance, even through a telescope; 
and, as its motion is slow, it is hardly distinguish 
able from a fixed star, Its motion being slow 
compared with. that of most of the other planets 
—if it be once recognized in the heavens, by any 
observer, near any large star, it will be found, 
from year to year, making only a slow progress 
to the eastward from that point. Its apparent 
motion in that direction, in the course of a year, 
is little more than twelve degrees, or less than the 
moon moves in twenty-four hours. Hence, if 
we perceive this planet in any particular point of 
the heavens this year, about the same time next 
year it will appear only about twelve degrees 
further to the east. In the year 1846, Saturn 
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“might be seen rising onthe 5th of July, about 10 
o’clock in the evening, in north latitude 52 de- 
grees, near the south-eastern part of the sky; and 
in 1847, about twelve days later, or about the 17th 
of July, he.might be seen rising at the same 


hour, nearly in the same point of the horizon: 


thus the time of his appearance in the evening, 
from year to year, may be readily traced by any 
common observer. 


Notwithstanding the dull appearance of this 
ple ‘the naked eye, when viewed through a 
po tl telescope, it presents a more singular 


and magnificent appearance than any other body 


. connected with the solar system; and were it as 


hear us as Mars, or even as Jupiter, it would pre- 
sent a splendid aspect even to the naked eye. ‘The 
ancients, who first traced the motion of. this 
planet, could form no idea of the grandeur of 
Saturn, and of the system with which it is con- 
nected; and their astrologers, on account of his 
pale, leaden hue, accounted him as a cheerless, 
unfortunate planet, and as shedding.a malign in- 
fluence upon the inhabitants of the earth. But 


after ages of darkness and superstition had rolled. 


away, the telescope, which has unfolded to us the 
wonders of the heavens, was invented, and, b 
the help of this noble instrument, a system o 
revolving bodies was discovered around this planet, 
anda piece of celestial mechanism disclosed to 
view, more wonderful and magnificent than any 
other object within the-limits of our system—the 
existence of which we could never previously 
nave anticipated. 

In magnitude, this planet nearly approximates 
to the size of Jupiter. Its diameter is estimated 
at seventy-nine thousand miles ; its surface con- 
tains nineteen thousand six hundred millions of 
square miles; and its solid contents amount to 
two hundred and sixty-one billions, three hundred 
thousand ‘millions of cubical miles. It is, conse- 
quently, nearly a thousand times larger than our 
globe. With powerful telescopes, four or five 
belts have been discovered on its surface, which 
are broader and less strongly marked than those of 
Jupiter, and are not subject to the variations 
which appear in Jupiter’s belts—and: therefore it 
is probable that they form permianent portions of 
the globe of Saturn, indicating that there is a 
diversity of surface on this planet; but whether 
land and water, or any other substance, is to us 
unknown. Its fivure, like thatwof Jupiter, is a 
spheroid—the proportion of the polar and equa- 
torial diameters being nearly as eleven to twelve; 
consequently the equatorial diameter is 6700 
miles longer than tne polar. The quantity of 
light it receives from the sumis only the one- 
ninetieth part of what we receive; but this por- 
tion of light is equal in effect to the light which 
would be reflected from a thousand full moons 
of the size of that which is connected with our 
world. The density of this planet is less than 
that of any other planet in the system. It has 
been calculated, on physical principles, that a ball 
of cork equal in size to Saturn would nearly 
counterpoise it, that is, would be nearly of the 
same weight; so that its specific gravity is less 
than half the weight of water. Notwithstanding, 
it is possible that the density of the materials 
on its surface may be as great as those sub- 
stances which form the upper erust of: our globe; 
and its density, instead of increasing toward the 
center, as is the case with the earth, may gradu- 
ally decrease from its surface to its central parts, 


so that the materials near the center may. be as, 


light as air. 
The satellites of Saturn.—This planet is accom- 
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panied with a more numerous train of attendants ° 


than any of the other planets. No fewer than 
seven large moons have been discovered moving 
around this mighty orb to diffuse light over its 
surface in the absence of the sun, and to diversify 
the scenery of its firmament. It was nearly half 
a century after the invention of the telescope, 
before any of thes) stlites were. discovered. 
The first of these bodies which was discovered. 
was that which is the sixth in the order of dis 
tances from Saturn.. It was discovered on the 
25th of March, 1 Huygens, a celebrated 
Dutch astronomer. In his work, entitled ““Sys- 
tema Saturniam,”’ published in 1659, he gives us 
an account of sixty observations—each accom- 
panied with a figure—which he made on the 
various positions of this satellite in respect to 
Saturn; in order to determine that it w rr 
ing body which performed a circuit a 
urn .as.acenter. ‘These observations w 
with a common refracting telescope, twel 
long, which magnified about sixty-eight times, 







‘but had not power nor light sufficient to show 


the rest of the satellites.. It was not until the 
year 1671, that any other satellite was discovered: 
in that year Cassini, a French astronomer, disco~ 
vered the seventh ‘satellite, or the most, distant 
from. Saturn, which is next in brightness to the 
sixth; and in 1672, the same observer discovered 
the, fifth satellite. Fourteen years afterward, 
namely in 1686, he discovered the third and 
fourth; and in making these observations he used 
telescopes of more than a hundred feet in length: 
though he tells us that afterward he could see all 
the five satellites with a telescope only thirty- 
four feet long, which could bear a magnifying 
power of only about one hundred and twenty 
times.* No other satellites were discovered until 
more than a century afterward; when 
Herschel erected at Slough, near Windso 
large forty feet reflecting telescope. the fi 
day this telescope was fit for observation, namely 
on the 28th of August, 1789, the second satellite 
was discovered; and soon after; the same unwear= 
ied observer discovered the first, by means of the 
same instrument. These satellites cannot all be 
seen but by means of powerful instruments. The 
sixth and seventh, or the two outermost, may be 
perceived by telescopes magnifying from eighty 
to one hundred times; but the two innermost, 
discovered by Herschel, are the most difficult ob- 
jects to be perceived throughout the whole range 
‘of the solar system, and have seldom or never 
been seen with a less instrument than a twenty 
feet reflector, and eighteen inches aperture. It 
has been remarked, that the seventh satellite,or 
the most distant from Saturn, is sometimes not 
visible in the eastern part of its orbit, and that it 
appears to grow dimmer and dimmer as it recedes 
from its primary. This has been accounted for 
by supposing that it is sometimes covered with 
spots, and at other times free of them, or, if the 
spots be permanent, that it has‘a rotation round 
its own axis. The following are the periods of 
the sidereal revolutions of these satellites, and 
their distance from Saturn im miles. The first 
satellite, or that nearest. to Saturn, performs its 
revolution in twenty-two hours and a half, at the 
distance of 120,000. miles from the center of the 








* The long telescopes here alluded to—which were very 
difficult to manage; and required great dexterity and ad- 
dress in using them—are now entirely-superseded by the 
invention of achromatic and reflecting telescopes, which 
will bear a high power, witha comparatively short length 
of tube; an achromatic telescope, 5 feet long, may carry a 
magnifying power superior to that of a common refracting 
telescope a hundred feet in length, : 
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x planet, and only 18,000 miles from the edge of 
the ring. Of course, this satellite will move 
round the visible hemisphere of-Saturn’s firma- 
ment in little more than eleven hours. 
second satellite revolves round the planet in one 
day and about nine hours, at the distance of 150,- 
000 miles. The third satellite performs its revo- 
lution in one day twenty-one hours and a quarter, 
at the distance of 190,000 miles. These three 
satellites are all much nearer to Saturn than our 
moon is to the earth; and as they are undoubtedly 
larger than our moon, they must present a large 
and splendid appearance to the inhabitants of 
Saturn. The fourth satellite completes its circuit 
in two days, seventeen hours and three quarters, at 
the distance of 243,000 miles,or a little more than 
the distance between the earth and moon. The 
fi lite finishes its periodical revolution in 
, twelve hours, fifty-five minutes, at the 





four: 


dis 
ee of fifteen days, and twenty-two hours and 
three quarters, and revolves at the distance of 
788,000 miles. The seventh, or ovitermost sat- 
ellite, requires seventy-nine days and about eight 
hours to complete its revolution, and ‘its orbit is 
2,297,000 miles from the center of Saturn, or 
more than-nine times the distance between the 
earth and the moon. The orbits of the six inte- 
rior satellites are nearly circular, and very. nearly 
in ‘the plane of the ring. he orbit of the 
seventh approaches nearer in coincidence with 
the ecliptic.“ i 

‘These satellites, like those of Jupiter, undergo 


frequent eclipses;-but on: aecount of ‘their great | 


distance from the earth, these’ eclipses are not 
frequently observed. It is evident that such a 
numerous assemblage of moons revolving around 
this planet at different distances and in different 
-periods of time, will present a most béautiful, 
ae and sublime appearance in they/heavens 
of Saturn; especially when all the seven satellites 
happen to appear at the same time above the 
horizon. Then one will appear as a full moon, 
‘another as a‘crescent, and another with a half 
moon, ot a gibbous phase—one entering into an 
eclipse, and another emerging from it—the two 
inner satellites, on account of their nearness to 
the planet, presenting the largest discs, and: the 


most splendid appearance, and moving with, great: 


velocity in their orbits, rapidly passing the other 
satellites, at different rates of motion, and leaving 
them behind in their courses. On the surface of 
Saturn itself, a curious effect will be produced, 
and a diversified scene presented. The shadows 
of all objects will be projected in different direc- 
tions by the different satellites, according to their 
relative positions in the heavens. One satellite 
will project the shadow of .an elevated object 
toward the east, another will project it toward 
the west;,a third will make it fall toward the 
north; and in a variety of other directions, accord- 
ing to the number of satellites above the horizon, 
and the positions they occupy in the firmament; 
and the swift motion of the first two satellites will 
cause the direction of these shadows rapidly to 
change. In addition to all this variety of celestial 
scenery there is the grand spectacle produced 
hy the magnificent rings with which the planet is 
encircled—which we will now endeayor to describe. 


tt 


SECTION. Vil. 
ON THE RINGS OF SATURN. 


Tuxse rings form one of the most wonderful 
objects connected with the solar system. Galileo, 
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Cf 340,000 miles. The sixth requires a- 
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ry 
soon after he had presented his newly invented 
telescope to the heavens, was the first of mortals 
who caught a glimpse of this singular appendage 
to the globe of Saturn: but on account of the 
want of sufficient power in his telescope, he did 
not recognize the nature of the object: he was 
contemplating. From what he could discern, he 
imagined that Saturn consisted of three globes—a 
larger globe in the middle, and two small globes, 
one on each side, and all the three nearly touch- 
ing each other. After viewing this phenome 
for the space of two years, he was amazed, at the 
end of this period, to find the middle globe left 
quite alone, and the two smaller globes to have 
disappeared; but, after a period of about a year he 
again caught a glimpse of them, when they con- 
tinued visible for about fourteen years in'succes- 
sion. Nearly half a century. elapsed before the 
true nature and form of this extraordinary pheno- 
‘menon were discovered. During this period many 
were the strange conjectures which were formed 
respecting it. Some astronomers thought that 
the two small globes stuck to the middle globe, 
others. that they were separated from it. Some 
thought that the phenomenon consisted of one 
longish body; or ellipsoid, and that it was perfora- 
ted with a very large hole, or opening on each 
side. Some imagined, that two bodies, each of 
the form of a crescent, were connected with the 
body of Saturn, and one placed on each side; and 
some that the phenomenon consisted of an ellip- 
tical ring, but that this ring was attached to the 
globe of Saturn, above and below. Huygens, in 
his “Systema Saturnium,” presents us with four- 
teen engravings of the various forms which dif- 
ferent astronomers had conceived respecting this 
appendage to the globe of Saturn, some of which 
are very curious, and almost. ridiculous, yet, in 
some cases, indicating considerable ingenuity of 
conception. It was not until about the ‘years 
1655 and 1656—forty-six years after the inven- 
tion of the telescope—that the real nature and 
figure of this singular phenomenon were discov= 
ered by Huygens. This ingenious mathematician 
and astronomer, in order to settle the disputes on 
this subject, resolved in the first place, to improve 
the art of grinding object-glasses, so as to increase 
the magnifying power of telescopes; and in this 
he.succeeded'so far as to make some that magni- 
fied two or three times more than those which 
had been previously in use. With a telescope 
twelve feet long, and another, twenty-three feet 
in length—which would magnify nearly a hun- 
dred times—and, after a long series of observa: 
tions, he demonstrated the true cause of . those 
surprising plienomena, which had puzzled all pre- 
ceding astronomers, and showed to a certainty 
that Saturn is surrounded with an immense ring, 
which is entirely separated from its body by an 
interval of many thousand miles, and that the 
diameter of the ring, in proportion to the diam- 
eter of the planet, was as 9 to 4. 

Since, the time of Huygens, it has been disco- 
vered that. this circular arch, which surrounds 
Saturn, is compesed of two concentric rings, 
separated by an interval of nearly two thousand 
miles. The following are the dimensions of these 
rings, as calculated by Sir J. Herschel, from the 
measurements of Professor Strtive, made at Dor- 
pat—by means of the superb micrometer attached 
to his great telescope :— xterior diameter of the 
exterior ring, 176,418 miles; interior diameter of 
ditto, 155,272. Exterior diameter of the interior 
ring, 151,690; interior diameter of ditto, 117,339. 
Equatorial diameter of the body of Saturn, 79,- 
160. Interval between the planet and the intericr 
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ing, 19,090. Interval between the two rings, 
ring Thickness of the rings, 100 miles. These 
dimensions are considered by some as rather too 
small. Sir W. Herschel, and all the astronomers: 
who preceded iin, estimated the exterior diameter 
of the exterior ring as above two hundred thou- 
sand miles; and Sir John Herschel himself admits, 
that “the interval of the rings above stated is 
possibly too small.’ Still the dimensions here 
stated convey to us a most astonishing idea of the 
magia and grandeur of ‘those magnificent 
rings which encompass the globe of Saturn. Sir 
W. Herschel, by means of several protuberant 
points connected with the ring, discovered that it 
has a swift rotation around the globe of Saturn, 
which it accomplishes in about ten hours and a 
half—which, reckoning its cireumference, accord- 
ing to the lowest dimensions, at 554,234 miles, is 
a velocity of about nine hundred miles every 
minute. ie | 

This double ring is evidently a solid body, as 
appears by its throwing a well-de shadow | 
upon the body of the planet, on th nearest 
the sun, and on the other side recciving the sha- 
dow of the planet itself is seen, at certain 
times, by means of? powerful telescopes. It is 
everywhere at least twenty thousand miles distant 
from the surface of the planet, and yet it is car- 
ried along with it in its annual revolution round 
the sun; and, therefore, if it were not a solid body, 
it would either fly off from Saturn, or its centri- 
fugal ‘force, caused by its rapid rotation, would 
dissipate all its parts, and disperse them around 
the body of the planet. These rings contain, on 
all their surfaces taken together, an area of more 
than twenty thousand millions of square miles, 
which is more than a hundred times the area of 
our globe. They, therefore, contain ample space 
for the accommodation of thousands of millions 
of inhabitants. ’ 

In consequence of the immense size of these 
rings, and the large space they will occupy in the 
heavens, they will presenta magnificent spectaele 
from those regions of the planet which lie under 
their enlightened sides, particularly those ‘places 
which are situated not far from the planet’s equa- 
tor. They will appear as vast arches, spanning 
the firmament from one part of the horizon to the 
opposite, and holding an invariable situation among 
the stars. They will not be visible at the poles of 
the planet, on account of the convexity of the 
globe of Saturn interposing between them and the 
observer; but, near the polar regions, a seament of 
the rings will appear, presenting a brilliant ap- 
pearance in the horizon. Advancing from these 
regions toward the equator, they will appear to 
span the heavens, like brilliant arches of different 
degrees of magnitude, until, approaching near the 
equator, they will appear in the form of complete 
semicircles. Fig. 49 presents a rude sketch of 
the rings, as they will appear from such a position, 
together with a partial view of the nocturnal fir- 
mament of Saturn. But no pictorial representa- 
tion, however ample the scale, can convey even an 
approximate idea of the august and splendid ob- 
jects which must diversify and adorn the noctur- 
nal sky of Saturn. For, beside the rings, which 
will form the most striking and magnificent spec- 
tacle, there are seven moons, three or four of 
which generally diversify the celestial hemisphere, 
appearing in different positions, and with different 
phases; and, sometimes, the whole Seven satellites 
may be beheld in one bright assemblage, pursuing 
their different courses among the stars, and rapidly 
shifting their positions and aspects. 

The views of Saturn and the lings, obtained by 
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powerful telescopes} are highly interesting and 
beautiful; but the appearance of the rings is ‘not 
the same at all times: When seen to the greatest 
advantage, they appear as represented in fig. 50, 
where they assume the appearance of ellipses, or 
ovals, with the planet in the center, and on each 
side of the planet the dark space or interval be- 


Figs. 49, 50, 51,52. 




















tween the interior ring and Saturn. The division 
between the rings is indicated by a dark line which 
seems to go round the ring, which is the empty 
space by which they are separated. It is only 
once in fifteen years, however, that the rings ap- 
pear so open as here represented; and sometimes 
they are altogether invisible as seen from the’earth. 
This happened in October, 1832; and after being 
visible for some time, from Decembér, 1832, to 
April, 1833, the ring again disappeared for two or 
three months. During this time the only indica- 
tion which was given of its existence was the sha- 
dow of the ring, which appeared like a dark belt 
across the body of the planet. At present (1846), 
the rings appear much narrower than what is re- 
presented in the figure, though the dark space ‘be- 
tween the planet and the ring is distinctly visible. 
In 1847, the ring will appear still narrower—in 
the beginning of that year, it will appear nearly 
as in fig. 51, like a line of light on each side of 
the planet, but without any apparent opening of 
the ring; in the beginning of 1848, it will entirely 
disappear, and, in this ease, the thin edge of the 
ring is turned toward the earth, and the planet ap- 
pears as if it were entirely divested of its magni- 
ficent appendage, and to move solitary among the 
stars. About July or August, of the same year, 
the ring will again appear, through good telescopes, 
as a fine thread, or line of light, on each side of 
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Bispplanets and, in 1849, the opening of the ring 
and‘the dark space between it and the planet, will 
be distinctly visible. During the years 1850 and 
1851, the ring will appear still more expanded, 
until toward the end of 1854, when it will appear 
fully expanded, as in fig 50; and, during the other 
seven years and a half, it will gradually contract 
until about the end of 1861, or the middle of 1862, 
when it will again become invisible. : 
~The phenomenon of the disappearance of the 
ring takes place at intervals of 14 years and 9 
months, and happens when the planet,is in 170 
degrees, and 350 degrees of longitude, or in the 
20th degree of Virgo, and the 20th degree of Pisces. 
Thé sun shines on the one side of this ring 
during a period of nearly 15 years, and the regions 
of the planet, that lie under the dark side, suffera 







sol clipse, under its shadow, during the sume 
pe But there is no doubt that this; apparent 
defe is compensated, not only by’the-light of) 
the satellites, but by other arrangements, with 


which we are. unacquainted. This planet, with its 
rings, would exhibit a more splendid and-interest- 
ing apearance through our telescopes, could we | 
view the rings, not obliquely, but as standing at 
right angles to our line of vision, as represented 
in fig. 52. This represents the real position ‘of 
the rings in respect. to the planet; but our eye is 
never so much elevated above the plane of the, 
Tings as to view them in this manner; it is never 
elevated more than 30 degrees above the planes of 
the rings, so that we never see the rings more 
fully expanded than what is represented in fig. 50. 
Had our limits permitted, we might have in- 
quired into. the ends for which’ these zings were 
formed by the Almighty, Architect, and the designs 
they are intended to accomplish in the system of 
urn. But,in consequence of the great distance 
which we are placed from this planet, and of 
our ignorance of many of the plans of the great 
Creator in his arrangements of the universe, we 
are unable fully to appreciate all the designs he 
intended to accomplish, either in this, or in other 
parts of his operations. ‘There is one object, how- 
ever, that these rings were evidently intended to 
accomplish; namely, to throw a light on the re- 
gions of the planet in the absence of the sun—to 
serve the purpose of a thousand moons—to pro- 
duce a-diversified and sublime scenery in the noc- 
turnal sky of Saturn, and to.display the glory and 
magnificence of the Creator. They evidently ma- 
nifest his power in the amplitude and greatness 
of their dimensions, in the vast quantity of matter 
they contain, and in the amazing rapidity with 
which they revolve around the planet—and his wis- 
dom in nicely balancing and proportionating every 
minute circumstance in their construction and 
arrangement, by certain laws, so as to preyent them 
either from flying off from the planet in its swift 
career, or from falling down upon its surface, and 
producing a complete derangement of the whole 
fabric of this mighty globe—and likewise in pre- 
serving, them in their exact position, and proper 
motions, without variation from age to age. They 
may likewise be intended to teach us in what a 
variety of modes, inscrutable to. us, the Creator 
may bring into existence numerous worlds, en- 
compassed with celestial machinery and arrange- 
ments altogether different from anything we have 
hitherto contemplated—which may lead us to 
conclude that, in other systems, and around other 
suns, worlds may exist diversified with celestial 
scenery, of which we find no traces throughout 
the whole range of our planetary system. . 
But, beside these general desigus, we conceive, 
there is another important end these rings are in- | 
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tended to subserve; namely, to form a habitation for 
numerous orders of intellectual beings. Wherever 
matter exists in our world, we find it peopled with 
different orders of animated existence; and there- 
fore it would be absurd to suppose that the celes- 
tial bodies—formed by the same All-wise and Al- 
mighty Being—should be altogether destitute of 
inhabitants. The quantity of surface on the rings 
is more than twenty-thousand millions of square 
miles, being more than a hundred conse area 


of the whole terraqueous globe, and consequently 
contains ample space for the accommodation of 


}myriads of inhabitants; and it is highly improba- 


ble from what we know of the plans of infinite 
wisdom, that.such a space should remain forever 
as a barren desert, without contributing either to 
Sensitive or intellectual enjoyment. The scenery 
of the heavens as beheld from the rings, would 
even be mote grand and diversified than that which 


is beheld from the surface of Saturn, and would 


afford to intelligent natures a striking display of 


the perfections of their Creator. 
.We may just farther state, in relation to this 


planet, ever late astronomers are of opinion 
that the outer ring of Saturn is divided into seve- 
ral smaller»rings. Captain Kater states, in a 
paper sent to the “ Astronomical Society,”’ that 
on December I7th, 1825, with a reflecting tele- 
scope of six feet six inches focus, “he saw the 
outer ring of Saturn, separated by numerous divi- 
sions, extremely close, one stronger than the rest, 
dividing the ring about equally. Professor Quete- 
let, at Paris, likewise states, that, with the achro- 
matic telescope of ten inches aperture, “he saw 
the outer ring divided;’? and Decuppis, at Rome, 
is also said to have observed the same phenome- 
non.,' Mr. Lawson, an ingenious astronomer, at 
Bath, who has lately erected a splendid achro- 
matic telescope, twelve feet long, states, that with 
some, of its higher powers, he has several times 
observed several divisions on the ring of Saturn. 
If this magnificent arch is not merely double, but 
even treble, or quadruple, it presents a still more 
wonderful idea to the mind, especially if each of 
the rings have a distinct and separate rotation 
round the planet. But as the divisions alluded to 
have not been perceived by other observers in the 
most favorable circumstances, we must suspend 
our opinion on this point, until - more minute and 
extensive observations be made, either to disprove 
or to confirm those which we have now stated. 
In concluding our reflections on this planet, it 
is almost needless to rerhark, that the planet itself, 
with all the celestial scenes connected with it, 
presents to the mind an ‘object of surpassing 
grandeur and sublimity. Let us suppose our- 
selves stationed within a few thousand miles of 
this planet—a station which some superior intel- 
ligences may occasionally ovcupy—from such a 
position, the globe of Saturn, the rings, and the 
satellites, would appear to fill the greater portion 
of the visible. heavens. Let us then conceive this 
planet—a thousand times larger than the earth— 
flying before us at the rate of twenty-two thou- 
sand miles an hour, carrying along with it stu- 
pendous rings, five hundred thousand miles in cir- 
cumference, and these rings revolving round the 
planet with a velocity of nine hundred miles every 
minute, and seven other spacious globes, larger 
than our moon, wheeling their rapid courses, at 
different distances around the planet and its rings 
—let us endeavor to stretch ‘our imagination to 
the utmost, to represent such a scene as nearly 
as possible to the reality, and suppose ourselves 
as spectators—how grand and cyerwhelming, 
and almost terrific, would be the amazing spec- 
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tacle! Amidst the emotions it would excite, we | 
could only exclaim,“ GREAT AND MARVELOUS ARE 
“fim ot, Lorp Gop, Aumicury!”—“ Thy right 
hand, O Lord, is become glorious in power!’’— 
66 Who can utter the mighty acts of the Lord!”’— 
‘The Lord God Omnipotent reigneth!” » Is it 
possible to separate such scenes and operations 
from the idea of an eternal and Almighty intelli- 
gence, who formed, andarranged, and set in mo- 
tion, such stupendous machinery ? Cou!d chanée, 
or the fortuitous concourse of atoms, have ever 
produced such -a portion of celestial mechanism, 
and preserved it unimpaired in all its relations 
and movements, from age to age? Such an idea 
is fraught with the grossest absurdity that ever 
entered the human imagination. If a Divine su- 
perintendent over creation did not exist, the whole 
frame of universal nature would long ere now have 
been unhinged, and the universe, with all its splen- | 
did orbs and mighty movements have been trans 
formed into a chaos, and scattered | 
regions of infinitude. And, “since 
that God how great!’ His power isi 
wisdom is unsearchable, and his age: 
the immensity of space. refuse to submit to 
his laws and his moral government must, there- 
fore, expose us to the most dismal consequences. 
For thousands of means are within the range of 
his wisdom and intelligence by which the rebels 
against his authority may be arrested and pun- 
ished; and his power to execute his purposes no 
created beings can control. “'The: mountains 
quake at him, and the hills melt, and the earth is 
burned at-his presence. Who can stand before 
his indignation?”? “The pillars of heaven trem- 
ble and are astonished at his reproof.”” Happy 
they who have this Almighty Being as their father 
and their friend, “who do his commandments, 
hearkening unto the voice of his word.” For all 
the glories of creation, and all the resources of the 
universe are at his disposal to contribute to their 
knowledge and felicity, while ages numerous as 


the drops of ocean are rol ir ig on. 
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SECTION VIIl. 


ON THE PLANET URANUS. 


Unriz near the close of the last century, Saturn 
was considered as the remotest planet from the 
sun, and his orbit as forming the outermost boun- 
dary of the planctary system. But, since the dis- 
covery of Uranus, the diameter of the system is 
doubled, and the area of the space it compréhends 
is four times the dimensions formerly supposed. 
Instead of an area of twenty-five thousand millions 
of square miles—its formersupposed dimensions— 
it now comprehends at least one hundred thou- 
sand millions of square miles; throughout ‘every 
portion of which the influence of the great.central 
luminary extends, and likewise as far beyond as 
the erratic comet pursues its distant course. It 
is somewhat strange that, from the time of Huy- 
gens and Cassini, when telescopes were brought 
toacertain degree of perfection, until near the 
close of the eighteenth century (a period of more 
than a hundred years), no new discoveries were 
made in the heavens, when the number of those 
who cultivated the science of astronomy was in- 
creased, and the science itself had received many 
improvements. But the mind of man has a pro- 
peusity to indvience when not stimulated by 
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by the astronomers of the seventeenth century 
were very difficult to manage, and required lo 

exposure to the cold air of the evening, and their 
attention was chiefly directed to observations on 
the planetary bodies which were then known. 
Few observations, comparatively, were made on 
the fixed stars, so as to ascertain the varieties 
which exist among them, the changes to which 
they are subject, or the moving bodies that may 
be found in the stellar regions; and hence, in 


part, the reason that so few discoveries were made 
‘during that period. _ ; : Ri 
The appearance of the late Sir William Her- 


schel; as an observer of the heavens, formed a new 
era in the history of astronomy. This illustrious 
astronomer having viewed the heavens with a 
two-feet Gregorian telescope, which he had bor- 
rowed, was so much interested with the instru- 
|ment, that he commissioned a friend i 
o purchase for him one of a larger ‘size. 1 
| price, however, being more than he antic’ ated, 
and more than he could afford, he resolved to at- 
tempt the construction of one with his own hands; 
and in this he succeeded. A five-feet Newtonian 
reflector, which he completed in 1774, was the 
| commencement of that brilliant series of discove- 
ries and improvements which he afterward effect- 
ed. While residing in Bath he had been engaged 
for a year and a half in making a regular.survey 
of the heavens, when on the evening of the 13th 
of March, 1781, he discovered, among other stars, 
one of unusually steady. radiance; continuing to 
watch it, he found, after several observations, a 
perceptible change in its position, although its 
motion with relation to the other stars was very 
slow. Having sent an account of this observa- 
tion to Dr. Maskelyne, the astronomer royal, it 
was at first supposed to be a comet, but soon after- - 
ward it was ascertained beyond a doubt t , 
was a new planet which had, in all former ages, 
eluded the observation of astronomers. For this 
discovery the Royal Society conferred upon Her- 
schel the honorary recompense of Sir Godfrey 
Copley’s medal; and he named the planet Geor- 
gium Sidus, in-honor of his majesty king George 
the Third: but the continental astronomers. dis- 
tinguished it by the name of Herschel, in honor 
ofthe discoverer; and it is now more generally 
known. by the name of Uranus. Soon after this 
discovery, Herschel was taken under the patron- 
age of his majesty, and rewarded with a pension 
of £300 per annum. He removed to Slough, néar 
Windsor, where, in. 1789, he erected his large 
forty-feet telescope, by which he was enabled to 
make further discoveries. sb 
The planet Uranus is not visible to the naked 
eye, and requires a certain degree of magnifying 
power to render it visible as a very small star. 
We haye seen it in this way with.a power of twen- 
ty times, but it requires a power of at least two 
hundred times to make it appear like a well. 
defined visible disc. Its real magnitude, however, 
is considerable,-—being no less than thirty-five 
thousand miles in diameter,.or more than eighty 
times the size of our globe. Its surface contains 
three thousand eight hundred and forty-eight mil- , 
lions of square miles,—which is seventy-eight 
times the area of all the habitable portions of the 
earth; so that this apparently small body, which 
had remained unnoticed for thousands of years, 






}adds considerably to the quantity of matter for- 


merly supposed to belong to the solar system. 
For it contains a mass of matter, as to bulk, more 





worldly gain, and certain difficulties to be en- 
countered tend to discourage and impede its pro- 
gress. ‘I'he long and unwieldy telescopes used 


than twenty times larger than what is contained 
in Mercury, Venus, the Earth, the Moon, Mars, 
Vesta, Juno, Ceres, and Pallas. Its distance from 
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the sun is about double that of Saturn,—being no 
less than eighteen hundred millions of miles. T'o 
reach the nearest point of its orbit, a cannon ball, 
flying from the earth in that direction, at the rate 
of five hundred miles an hour, would require a 
period of three hundred and ninety years. I 
moves round the sun in the space of eighty-four 
years, in an orbit eleven thousand. millions of 
miles in circumference; at the rate of fifteen 
thousand miles an hour. The inclination of its 
orbit to the plane of the ecliptic, is 46 minutes, 
28 seconds. ns 

From the immense distance at which this planet 
is placed from the sun, wemight be apt to ima- 
gine that there will be a great deficiency of light 
and heat on its surface. ‘The quantity-of light it 
receives from the sun is about three hundred and 
sixty tin less than what the earth receives; for 
he ity of illumination enjoyed in any planet 
is in an inverse proportion to the square of the 
distance of the luminous body that enlightens it. 
The quantity of light on Uranus—notwithstanding 
its great distance from the sun—will be equal to 
what we should:have, were three hundred and forty- 
eight full moons continually shining on our globe 
at one time. But :the pupils of the eyes of the in- 
habitants of this planet may be so constructed as to 
take in ten or twenty times the quantity of light 
which our eyes would receive, were we placed in 
that distant region. And as to sensible heat, it does 
not appear that this depends on the distance of a 
planetary bedy from the sun; but on the nature 
of its atmosphere, and the substances on its sur- 
face on which the rays ‘of light and heat fall. 
Every part of our globe may be considered as at 
an equal distance from the sun, and yet there are 
all the varieties of temperature.experienced from 
twenty degrees below zero in the frozen regions 
of Greenland, to a hundred degrees above it; in 
the scorching climes of the torrid zone. On the 
top of the Andes, in South America, there is the 
most intense cold, and perpetual snows; while in 
the plains below excessive heat is felt under the 
rays of a tropical sun, while only a few miles in- 
tervene between the respective localities. _At any 
rate, we may rest assured that, throughout all the 
regions of the universe, the Creator has displayed 
his wisdom and goodness in adapting the struc- 
ture and constitution of the inhabitants to the na- 
ture of the habitation he has provided for them. 

In consequence of the great distance of this 
planet, no discoveries have been made on its sur- 
face; no spots have been seen to indicate a rota- 
tion, and therefore the period of its revolution 
round its axis is unknown. But the same illus- 
trious astronomer who first detected it, soon after 
discovered no less than six satellites which revolve 
around it. The following table contains a list of 
these satellites, with their distances from Uranus, 
and their periods of revolution. 





Ist, or nearest Period. Distance. 
to Uranus, 5d. 21h. 25m. 230,000 miles. 
2d, Se ate a7 298,000 
3d, 10. 23) <3 348,000 
4th, tf eee! RUSS © 399,000 
5th, 98 ul 4S 777,000 
6th, 107 16 40 1,597,708 


It is somewhat remarkable, that these satellites, 
nstead of moving from west to east, or in the di- 
rection of all the other planets and satellites, have 
their orbits nearly at. right angles to the ecliptic, 
and move ina direction from east to west. - These 
are exceptions to the general laws of the planetary 
system which it is difficult to explain. But they 
occur at the farthest limits of thesolar system, 
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perhaps to teach us, that in other yates, arrange- 
ments may exist very 

| perience in the system to which we belong. 
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SECTION IX. he 
GENERAL REMARKS ON THE SOLAR SYSTEM. 


Sucu isa brief description of the principal phe- 
nomena connected with the planetary —— 
compose the solar system. We have no reason, 
however, to conclude that all the planets belong- 
ing to our system have’yet been discovered. Were 
a planet of double the magnitude of the Earth re- 
volving between the orbits of Jupiter and Saturn, 
it would be altogether invisible to the naked eye, 
and might revolve for thousands of years without 
being observed by the inhabitants of our globe, 

nless astronomers were to make a minute sur- 

ey, with powerful telescopes, of the whole range 
of the zodiac, in which most of the planets are 
found: to move, along with portions of the celes- 
tial regions on either side of it. If the inhabit- 
ants of Jupiter and Saturn have no better eyes 
than ours, and no artificial helps to vision, they 
must be altogether ignorant that such a globe as 
the earth exists in the universe, nor will they ever 
obtain a glimpse of either Mars, Mercury, or 
Venus. Considering the distance that intervenes 
between Jupiter‘and Saturn, it is not at all im- 
probable that one: or more planets may exist in 
the interval; and since no less than 900 millions 
of miles intervene between ‘the orbits of Saturn 
and Uranus, several planets, much larger than the 
earth, may revolve in those regions, which the 
keen eyes of astronomers have never yet detected. 
Even within the orbit of Mercury a planet may 
exist, which we may never be able to discover, on 
account of its nearness to the sun, being at all 
times immersed in the effulgence of. the solar rays. 
Our views of the universe and its arrangements 
are only beginning to open and expand; but in 
the ages to come, if art and science still advance, 
objects of which we have no conception at present 
may be disclosed to view, even within the bounds 
of the planetary system. : 
Throughout the whole of this system we per- 
ceive order and harmony prevailing without inter- 
ruption. While the planets are prosecuting their 
courses with amazing velocity, and moving on- 
ward in their respective spheres without a mo- 
ment’s pause—while their attractive forces on each 
other sometimes produce slight perturbations— 
while one sometimes interposes between the sun 
and another, and casts a transient shade over its 
surface; yet no disorder,or confusion ever occurs 
throughout the system : every orb finishes its re- 
spective circle of revolution in exactly the period 
of time in which it has been performed for thou- 
sands of years; no one ever interrupts the course 
of another; no satellite ever forsakes its primary, 
in the course of its rapid movement; but the 
laws of motion originally impressed upon all the 
bodies of the system, continue to operate as they 
have done from the beginning. These circum- 
stances evidently demonstrate the existence of a 
presiding Intelligence, who at first formed and 
arranged this magnificent system, and who every 
moment sustains it in all its movements. | It 
would be easy to show—if this were the proper 
place for it—that unless an Immaterial Power 
continually re-excited motion in the material 
universe, all motion would stop in a very short 
time—perhaps in less than an hour—except that 
the planets would run out in right-lined direetions; 
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and then nothing would ensue but confusion, 
darkness, silence, and chaos. For matter of, it- 
self can pursue no end, obey ho law, nor change 
the direction of its motion. If, then, a presiding 
Divinity is continually exerting his attributes, 
impressing every part of that universe to which 
he gave existence, we cannot deny his title to 
supreme dominion; and, if so, we must acknow- 
ledge that all praise, adoration, submission, and 
obedience are due to Him who hath createds all 
things, and for whose ‘pleasure they are and 
were created.” oe 
It may likewise be remarked, that amidst all 
the varieties which characterize the planetary sys- 
am, there are evident marks of unity and mutual 
relationship. »The distances of the planets from 
the sun, vary from thirty-seven millions’ to one 
thousand eight hundred millions of miles. The 
quantity of light that falls on the surface of Mer- 


cury is two thousand four: hundred times m 


intense than that which fallson Uranus. In poit 
of magnitude some of the planets are several thou- 
sand times larger than others; and as to the times 


of their revolutions, their periods vary from 
eighty-eight days to eighty-four years. Some 
have one accompanying moon, some have four, 
some have seven, and others are'destitute of such 
appendages. Yet a family likeness pervades the 
rate: The figure of all the planets is nearly 


the same; they are alleither globes or spheroids; 


they all move round their axes, and round the 
same central luminary, producing an alternate 
‘succession ‘of day and night, and, in most in- 
stances, a variety of seasons. Most of them, if 
not the whole, are environed with atmospheres; 
and on their surfaces, mountains and plains, hills 
and vales, have been descried, and the law of gravi- 
tation pervades and governs the whole. One sun 
enlightens every member of this system, whether 
primary or secondary; and although this luminary 
appears to one planet seven times larger than to 
us, and to another a hundred times smaller, yet it 
serves all the purposes of a sun to diffuse that de- 
gree of light and splendor and benign influence 
which is, requisite for the comfort of each respec- 
tive planet. These and other circumstances plain- 
ly indicate that onz. Supreme Mind‘ contrived this 
system of moving bodies, and'superintends, di- 
rects, and governs the whole. For two or more 
supreme beings—whose plans and purposes might 
clash—could never be the parents of that harmony 
and unity of design which we perceive, through- 
out ‘the system of nature. Such considerations, 
likewise, lead us, to conclude that all the planets 
of this system are destined to subserve in their re- 
spective spheres the same grand purposes, namely, 
to serve as comfortable habitations for numerous 
or of sentient and intellectual beings, capable 
of knowing and adoring the perfections of their 
great Creator. For the material world could never 
be shown to manifest the wisdom and intelligence 
of its Author and Contriver, if this position were 
denied. For it would then exhibit only a stupen- 
dous system of means without an end, correspond- 
ing to the magnificence of the operations employed; 
and, in this case, there would be no extensive dis- 
play of the riches of Divine beneficence. 
Illustrations of the distances and magnitudes of 
the Planets.Sir J. Herschel proposes the follow- 
ing illustration, to convey to the minds ‘of general 
readers an impression of the relative distances and 
magnitudes of the parts of the solar system :— 
‘Choose any well-leveled field or bowling-green; 
on it place a globe two feet.in diameter—this will 










represent the sun; Mercury will be represented’ 


by a grain of mustard seed, on the circumference 
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of a cirele one hundred and sixty-four feet in dia- 
meter for its orbit; Venus, a pea, ona, circle of 
two hundred and eighty-four feet in diameter; 
the earth; also a pea, ona circle of four hundred 
and thirty feet; Mars, a rather large pin’s head, 
n a circle of six hundred and -four feet; 
uno, Ceres, Vesta, and Pallas, grains of sand, on 
| orbits of from a thousand to a thousand and two 
hundred feet; Jupiter, a moderate-sized orange, 
on a circle nearly half a mile across; Saturn, a 
range, on a cirele of four-fifths of a mile; 
anus, a full-sized cherry or small plum, 
the circumference, of a circle more than a 
mile and a half in diameter.” 
_ From this itustration it appears, that an orrery 
to represent both the proportional distances and 
the proportional magnitudes of the sun and planets 
would require to be more than'a mile and a half 
in diameter, and nearly five miles in cingumfer- 
ence; and, in, this case, scarcely any of the 
planets would be visible from the center. Our 
common orreries and planetariums can exhibit 
only the relative motions of the, planets, and the 
order in which they are placed from each other 
in the system; but they can present no accurate 
or comprehensive idea of their proportional dis- 
tances or magnitudes; and the balls which repre- 
sent the sum and planets being so small, and 
placed so near each other, have a tendency to 
produce erroneous conceptions. ‘The compara- 
tive distances and the comparative magnitudes 
can only be separately exhibited on a small scale. 
The following is'a simple method ‘by which we 
have frequently exhibited the proportional dis- 
tances of the planets. Provide a small square 
rod about eight feet long,.at one end of which 
place a ball or other object to represent the sun. 
At two inches from, the sun’s ball, place a ball 
to represent Mercury; at three inches and a half, 
Venus; at five inches, the earth; at seven inches 
and a half, Mars; at thirteen inches, Ceres, Pallas, 
Juno, Vesta, almost close to each other; at 
twenty-five inches, Jupiter; at forty-seven inches, 
or about four feet, Saturn; and at eight feet, 
Uranus. These proportions will convey an ap- 
proximate idea of the relative distances of the 
planets from each other and from the sun; and 
if wax tapers were placed instead of the balls, and 
lighted, these comparative distances might be ex- 
hibited to a large audience. The proportional 
magnitudes might likewise be exhibited as fol- 
lows:—Suppose a globe of eighteen inches diame- 
ter to represent the sun, Jupiter will be repre- 
sented by a ball one inch and four-fifths diame- 
ter; Saturn, one inch and two-thirds ; Uranus, 
three-quarters of an inch; the Earth, one-sixth 
of an inch; Venus, one-sixth of un inch; Mars, 
one-eleventh of an inch; Mercury, one-fifteenth 
of an inch; Moon, one-twenty-fourth of an inch; 
Ceres, Pallas, Juno, Vesta, by small pin heads. 
The following numbers may assist the memory 
in recollecting the proportional mean distances on 
the planets. Suppose the distance of the Earth 
from the Sun to be divided into 10 parts—Mereu- 
ry may then be estimated at 4 of such parts from 
the Sun; Venus at 7; the earth at 10; Mars at 
15; the new planets, Ceres, Vesta, etc. at, 26; 
Jupiter at 52; Saturn at 95; and Uranus at 190 
such parts. 

Method of acquiring an approximate idea of a 
million units.—In the preceding description of the 
solar system, the distances of the sun and planets, 
and the extent of the planetary orbits, have been 
expressed by millions of miles. But however 
accurately such distances and dimensions may be 
considered as stated, the mind is unable to form a 





WHAT IS A MILLION? 


SUMMARY VIEW OF THE SOLAR SYSTEM, 


The following Table exhibits, at one view, the dis- 
tances, diameters, periods of revolution, etc:, of 
the Planets, and other permanent elements of the 


Solar System. 
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distinct and comprehensive idea of such vast dis- 
tances and dimensions, and even at its utmost 
stretch, and with all its efforts, must be contented 
with a very vague and indefinite conception of 
the immense spaces of the heavens. | This is 
partly owing to our want of a clear and compre- 
hensive idea of the number of units contained 
in a single million. We can form a clear idea of 
a hundred units, and even of a thousand; our ideas 
of ten thousand, fifty thousand, and a hundred thou- 
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. 
sand are less clear and definite; and-it is but a 
vague idea we generally have of ten hundred thou- 


‘sand, or one million, when we attempt to grasp it at 


one conception. We may assist oi conceptions 
a little by such illustrations as the following:—A 


million of pounds would be sufficient for the for- 
mation of 5000 miles of road, at the rate of £200 
for each mile—which would be sufficient to reach 
from the Land’s End of England to the northern- 
most. point of Scotland, to go quite round the 
island of Great Britain, and to cross it in different 
directions. The same sum would be suflicient 
to rear more than 666 churches, at £1500 each. 
It would be adequate to the building and furnish- 
ing of 2500 schools, at £400 each. Were a man 
to count a million sovereigns, one by one, and 
allow only a single second for each sovereign, 
and continue, without intermission, 12 hours 
every day, it would require more than 23 days 


before, such a sum could be counted; and, con- 


sequently, to count in the same manner 800 
millions of sovereigns, the amount of our national 
debt, would require more than fifty years! Were 
a million of men to be arranged in a straight 
line, similar to a line of soldiers when on parade, 
and three feet allowed for the breadth of every 
man, that line would extend over a space of more 
than 568 miles in length—in other words, it 
would extend over the whole length of the island 
of Great Britain, from the Straits of Dover to 
the Orkney Isles.. Such illustrations may help 
to assist the mind a little in forming its concep- 
tions of the number of units contained in a 
single million; to which we may add the follow- 
ing—that a line a million miles in length would 
go forty times round the circumference of the 
earth; and that, since the. creation of the world, 
little more than two million of days have elapsed. 

Mr. Henry Martin, teacher,, Chatham, has 
lately contrived a plan by which a million of 
units may be represented to the eye, and which 
produces a more SI g effect than any plan 
hitherto adopted. It consists in the arrangement 
of spots of the size of those in the annexed figure. 
They are arranged in squares, in the manner here 
represented—every square containing one hun- 
dred spots. There are a hundred squares ona 
sheet of foolscap, which, of course, contains ten 
thousand spots or units; and there are one hun- 
dred of these sheets pasted on a piece of calico, 
which doubles up like a long map, a small space 
being left between each sheet, that the calico may 
form a hinge for doubling. ‘The number of spots 
on these hundred sheets amounts to 10,000 100, 
or exactly a million. This representation of a 






million of units, were it to be exhibited in the 
Fig. 53. 
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most striking manner, should be stretched along 
the side of a large room, 8 feet high and 14 feet 
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long, which it would completely fill; or on any 
surface about 1044 feet square, and containing an 
area of about {08 square feet. The annexed 
figure con! 400 spots, which are oni’ the 
1-2500th part of a million,'so that it requires two 
thousand five hundred times the space and the 
number of spots contained in this figure to rep- 
resent the units in a million. On beholding such 
a number of units or spots, as close to each other 
as those in the figure, and covering such a latge 
space, the mind is struck with wonder at the 
number of units which a single million contains; 
and Mr. Martin informs me that ‘all persons, 


fl 





who have seen it, have expressed themselves much 
astonished at the vastness of it.” Were each 
square, containing 100 spots, exactly of the same) 
‘size as in the figure, placed along side each other, 
in a straight line, that line would extend above a 
thousand feet in length. 

When beholding such a number of units com- 
pressed together, and yet filling so great a space, 
we might be apt, at first view, to consider it as a 
faint picture, or emblem, of immensity and eter- 
nity. But what is one million compared with 
hundreds and thousands of millions? That sun, 
which enlightens our day, is ninety-five millions 
of miles distant from us. ‘The planet Uranus is 
one thousand eight hundred millions of miles dis- 
tant from the sun, and yet is within the reach of 
his illuminating and attractive influence. Such 
immense distances are comprised even within the 
limits of the planetary system. . How overwhelm- 
ing, then, to consider the distance of the nearest 
stars! ‘That distance is not less than twenty bil- 
lions of miles; and let it be remembered that each 
billion contains no less than ten hundred thousand 
millions. And as to magnitudes, we are almost 
equally overpowered at the idea of their immen- 
sity. The sun contains, on his surface, two bil- 
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lions, fe undred and thirty thousand eight hun- 
dred millions of square miles; and his solid con- 
tents comprehend more than three hundred and 
forty-six thousand billions of cubical miles. And 
the sun is only one out of a hundred ‘millions of 
similar globes which compose the visible universe; 
and, beyond all that is visible to human eyes, orbs 
of astonishing grandeur may exist, whose num- 
ber may exceed the number of the sands that lie 
along the sea-shore. Hence the necessity of en- 
deayGiin to form as large and extensive an idea 
as possible of the number of units contained in a 
million, if we wish to take a comprehensive view 
of the immense spaces:of the heavens, and the 
magnitude of the celestial orbs. For a million, 
great as this number is, forms, as it were, but a 
unit to thousands, tens of thousands, and hundreds 
of thousands of millions—to billions, trillions, and 
other higher numbers that sometimes enter into 
stronomical calculations. >: 

What a vast and overpowering assemblage of 
human beings must be presented to view at that 
solemn day, when all the men and women, that 
have ever dwelt on the surface of our globe, shall 
appear in one great assembly before “God, the 
Judge of all’? The number that have already 
dwelt upon the earth, since the formation of the 
first man, is at least, one hundred and forty-six 
thousand two hundred millions; and, probably, 
more than double that number may appear be- 
fore that decisive day draws nigh. The idea of 
such an assemblage of beings is absolutely over- 
whelming toour limited powers of conception. It 
may be proper, however, occasionally to ruminate 
en such subjects,as it is one of the principal 
modes by which we may acquire comprehensive 
views of .the vast extent of creation, and of 
the ineffable glory and magnificence of the great 
Creator 
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CHAPTER V. 


i 
ON COMETS. 


Brstvr the planetary bodies described in the pre- 
ceding chapters, there is a class of celestial bodies, 
considered as connected with the solar system, 
which have obtained the name of comets. The 
word comet is derived from the Greek xen», and 
the Latin coma, both of which signify the hair, 
and a comet was 80 denominated, because the lu- 
cid haze with which the body of a comet is attend- 
ed sometimes resembles flowing hair. As com- 
paratively little is known of the nature and desti- 
nation of these erratic bodies, we shall just offer a 

. very few remarks on what has been ascertained re- 
specting their phenomena and motions. 

Comets are distinguished from the planets and 
fixed stars by being usually attended with a long 
train of light, tending always opposite to the sun, 
which is called the tail, and which is of a fainter 
luster the farther it is from the body of the comet. 
The luminous point near the center or head of 
the comet, whence the tail seems to proceed, is 
called the nucleus, which appears to be the densest 
part of the comet. The tail of a comet at its 
first appearance is very short, and increases as it 
approaches toward the sun. Immediately after 
its perihelion, or nearest approach to the sun, the 
tail is longest and most luminous, and is then ge- 
nerally observed to be somewhat bent, and to be 
convex toward those parts to which the comet is 


moving; the convex side being rather brighter and 
better defined than the concave side. When the 
tail has attained its greatest length, it quickly de-" 
creases, and vanishes entirely from the sight about 
the same time that the comet itself ceases to be 
visible. Of what kind of matter the tail consists 
has been matter of conjecture, and various opinions 
have been broached on this subject but ncthing is 
certainly known respecting it. It is evident, how- 
ever, whatever may be the matter of this substance, 
that it is exceedingly rare, and so very pellucid 
that the light of the smallest stars suffers no sen- 
sible diminution in passing through it. Sir J. 
Herschel says, that he ‘could distinguish stars of 
the sixteenth magnitude, through the thickest part 
of a comet, as it passed over them, covering them 
with perhaps 50,000 miles of cometic matter.” 
The tails of comets are found sometimes to oc- 
cupy an immense space in the heavens. The 
comet of 1680 stretched its tail across an arch of 
104 degrees, and the tail of the comet of 1769, 
subtended an angle of 70 degrees. The real length 
of the tail of the comet of 1680, was estimate . 
ed at 112 millions of miles; that of 1769, at 44 
millions, and, that of 1744, at eight millions of 
miles. Sir W. Herschel estimated the length of 
the tail of the great comet which appeared in 1811, 
at one hundred millions of miles, a space larger 
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‘than the whole distance between the edith ana the 
sun; and its breadth was calculated at about fif- 
teen millions of miles. ‘We may just simply men- 
‘tion the opinions of different philosophers, res- 
pecting those long trains of light. Tycho Brahe 
supposed them to be the light of the sun trans- 
mitted through the nucleus of the comet, which 
he believed to be transparent like a lens. Kepler 
thought that the impulsion of the’solar rays drove 


away the denser parts of the comet’s atmosphere, 


and thus formed the tail. Sir I. Newton supposed 
that it is a thin vapor, raised by the heat of the 
sun from the comet. Euler maintained that the 
tail is occasioned by the impulsion of the solar 
rays driving off the atmosphere of the comet, and 
that the curvature observed in the tail is the joint 
effect of this impulsive force, and the gravitation 
of the atmospherical particles to the solid nucleus. 


Mairin imagined that comets’ tails are portions “9 


the sun’s atmosphere. Dr. Hamilton supposed 
them to be streams of electric-matter. Biot, the 
French philosopher, supposes that the tails are va- 
pors produced by the excessive heat of the sun, 
and also that the comets are solid bodies before 
they reach their perihelion, but that they are af- 
terward either partly or totally converted into va- 
por by the intensity of the solar heat. Notwith- 
standing these opinions of eminent philosophers, 
‘we must still admit that the true cause of the éx- 
traordinary phenomenon of the tails of comets re- 
mains yet unknown. When we consider that 
these vast streams of light extend, in some in- 
stances, to eighty and a-hundred millions of miles 
in length, we cannot conceive that any of the 
‘causes assigned above will account for such a won- 
derful phenomenon. 
raised from the comet, why should this vapor‘ex- 
tend to such a prodigious length through space, 
and why should it be illuminated throughout its 
whole extent? for if it were opaque, or unillumi- 
nated vapor, it would be invisible. 

In ancient times, comets were generally sup- 
posed to be meteors, or exhalations, generated by 
inflammable vapors in the earth’s atmosphere. 
But it is now ascertained, beyond a doubt, that 
comets move in regions far beyond the limits of 
our atmosphere, and form a portion of the solar 
system. But they differin many respects from 
the various planetary bodies, formerly described. 
In regard to planets, their orbits are all confined 
to a certain zone, or region of the heavens, of no 
great breadth, except in the case of Pallas. This 
zone, in the case ef the old planets, contains about 
eight degrees on each side of the ecliptic. But the 
orbits of the comets cut the ecliptic in every di- 
rection, and, in some instances their orbits are di- 
rectly perpendicular to it. They likewise differ 
from the planets in the form of their orbits. The 
orbits of most of the planets, though elliptical, 
approach very nearly to circles; but those of co- 
mets are long narrow ellipses, whose length is 
many times greater than their breadth, and, in 
most cases, the full extent of their elongation can- 
not be traced. 
orbits lies within the limits of our observations, 
and their remotest boundaries are far beyond the 
range of human vision. Hence it is, that we per- 
ceive a comet only for a very short time,and du- 
ring a very small part of its course, the remaining 
parts of its course being performed in regions be- 

ond the reach even of our telescopic vision, and 
ferond the orbit of the remotest planet. 

The following are some of the more remarkable 
comets which have appeared within the last cen- 
tury and a half. The most splendid of these bo- 
dies which have appeared in modern times was the 


of ‘his surface, and its rate of moti 


~~ 


‘known by the name of Halley’s comet. 





If they consist of vapor: 


Only one small portion of these | 
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comet of 1680. The tail of this comet is said to 
have reached from the zenith to the horizon, an 
extent of ninety degrees. When near 
it was calculated to have been wit! 






was computed at about a million of miles an hour. 
The period of its revolution round the'sun was 
calculated at. 575 years; and if this computation 
be correct it will not again visit this part of the 
system until the year 2255. Another comet which 
has excited a considerable degree of interest and 
attention, is that which appeared in 1682, and is 
Dr. Hal- 
ley computed the period of this comet at 75 or 76 


years, and predicted that it would again appear 
about the end of 1758, or the beginning of 1759. 


It accordingly arrived at its perihelion on the 13th 
March, 1759. If 76 years be the real period of 
this comet, then it behooved to re-appear in 1835, 
which happened accordingly. It was seen at 
Rome on the 5th of August of that year, and arriv- 
ed at its perihelion on the 16th November. The 
period of this comet then is determined, and it is 


proved, at the same time, that comets are perma- . 


nent bodies belonging to the solar system. At 
the remotest point of its orbit, this comet is com- 
puted to be 3,400,000,000 of miles from the sun, 
or nearly double the distance of Uranus. __ 
Another brilliant comet appeared in 1744, the 
diameter of the ‘nucleus of which was nearly 
équal to the apparent disc of the planet Jupiter; 


and its tail, which was divided into six streams of » 


light, was reckoned to be 23,000,000 of miles in 
length. In 1807, a large comet made its appear- 
ance in the month of October, and continued to 
be visible to the naked eye for nearl o months. 
The diameter of its nucleus was calculated by 
Schroeter to be 4600 miles, and the diameter of 
its coma, or nebulosity surrounding the nucleus, 
120,000 miles; its motion was frequently at the 
rate of 55,000 miles an hour. A still more splén- 
did comet made its appearance in September, 
‘1811, which was visible #6 the naked eye for more 
than three months in succession. Schroeter com- 
puted the diameter of this comet at’50,000 miles, 
and Sir W. Herschel*estimated the length of its 
tail at 100,000,000 of miles. When nearest the 
earth it was distant about 113,000,000 of miles. 
We shall notice only two other comets, remarkable 
on.account of the shortness of their periods. The 
first of these comets to which I allude is called the 
Encke comet, from Professor Encke, who first 
ascertained its period. It performs its revolution 
in a period shorter than that of any comet yet 
known; namely, in 1200 days, or three years and 
three-tenths. Its orbit penetrates within the orbit 
of Mercury, but does not extend so far as the 
orbit of Jupiter. It is a very small body, and is 


| scarcely distinguishable by the naked eye. The 


other comet is that of Biela, sometimes called 
Gambart’s comet, which finishes its revolution in 
a period of 634 years. [t was seen in 1826, 1832, 
and 1839, and in February and March, 1846. It 
is likewise a very small comet, and cannot be seen 
without a telescope. 

The number of comets has been estimated to 
be very great. Seven or eight hundred of these 
bodies have been observed in different ages; but 
there are only a little more than a hundred of 
them, the elements of whose orbits have been 
accurately calculated, so as to identify them should 
they again make their appearance. By far the 
greater number are invisible to the naked eye, and 
even beyond the reach of telescopes, and many 
of them, doubtless, pass along our hemisphere in, 
the day-time, when they cannot be perceived 


ie 
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From calculations formed on probable grounds, 
M. Arago concludes that the number of comets 
which Visite solar system within the orbit of 
Uranus, is at least 3,000,000. Of late, within the 
space of fourteen months, five or six comets have 
made their appearance; one in December, 1843, 
in the constellation of Orion, another in August, 
1844; not far from the star Arcturus, in the con- 
stellation Bootes; a third was'seen in September 
of the same year, near the constellation Cetus} a 
fourth was seen in the month of January, 1845, in 
the West Indies and which wasvisible to the naked 
eye, but was not seen in this country on account 
of its great southern declination; a fifth was seen 
“in this country in February, 1845, near the constel- 
lation of Ursa Major, and about the same time an- 
~ other was said to have been seen in the East Indies. 
We had an opportunity of seeing two of these com- 
ets, but they were both invisible to the naked eye. 
In former ages, the appearance of a comet was 
viewed as the forerunner of disastrous events, 
such as wars, famine, pestilence, the revolutions 
of nations and empires, the death of kings and 
princes, inundations, earthquakes, and_ similar 
calamities. But we need scarcely say that there 
is not the least foundation for such apprehensions; 
for comets are every year making their appearance 
to the astronomical ‘observer, while both the phy- 
sical and the moral world is moving on in its regu- 
lar course. The comets are, doubtless, messengers 
of the Deity sent forth to accomplish the designs 
he intended in their creation; but we have not the 
least reason to believe that they were ever intend- 
edto «‘shake from their horrid hair’? wars, famine, 
and pestilence upon the nations. Their destina- 
tion, whatever it may be, must be in full aecord- 
ance with the benevolence of him whose “ tender 
mercies are over all his works.’’ It has, indeed, 
been apprehended by some that a comet in cross- 
ing the path of the earth, might happen to come 
into collision with it, and produce a shock which 
would shatter its present constitution, and prove 
destructive to its inhabitants. It is admitted that 
this is a possible circumstance, though the chances 
in favor of it, according to Arago, are only as one 
» to 281,000,000. In France and other parts of the 
European continent, in 1773, an apprehension of 
this kind was excited, which was attended with 
many serious consequences. People of weak 
minds, it is said, died of fright, and women mis- 
carried. A similar alarm was produced in 1832, 
when it was announced that the comet of Biela, 
on the 29th of October, would cross the plane of 
the ecliptic at a point near where the earth would 
be on the 30th of November following; but before 
the earth arrived at that point, the comet was dis- 
tant from it 50,000,000 of miles. All such fore- 
bodings and alarms may be considered as entirely 
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without foundation. At least, the believer in 
Divine revelation has nothing to fear, for he 
knows that the purposes of the Almighty in res- 
pect to this world are not yet nearly completed, 
and that many of the most prominent predictions 
of inspired prophets are not yet accomplished. 
Wars must cease to the ends of the earth. The 
knowledge of Jehovah must cover the earth. 
The Jews must. be converted to- the faith of 
Messiah. The kingdoms of this world must “be- 
ieee od kingdoms: of our Lord, and of his 
Christ,”” and righteousness and praise must spring 
forth before all nations, before a.comet or any 
other celestial agent shall be permitted to impinge 
upon our globe, or to alter its present constitution; 
and centuries must necessarily elapse before such 
objects are fully accomplished. 

As to the destination of comets, or the purposes 
they are intended to serve, in the economy of the 
universe, we are in a great measure ignorant, as 
we are unacquainted with the nature and consti- 
tution of these singular and anomalous bodies, 
But as'they are all the workmanship of Him who 


‘is wonderful in counsel, and excellent in'work- 


ing,” they must be intended to subserve import- 
ant purposes in the system of creation, worthy 
of the perfections of Him who is infinite in know- 
ledge, who “established the world by his wisdom, 
and hath stretched out the heaven by his under- 
standing.” So many thousands, or even millions 
of these blazing orbs, as are continually traversing 
the regions of the planetary system, were not 
created in vain. The adjustment of their motions, 
and the arrangement of their orbits, so as not to 
interfere with each other, nor with the motions 
of the planets, is an evidence of that Divine wis- 
dom which is displayed throughout every part of 
creation. The number of these bodies, the vast 
magnitude of their blazing tails, and the amazing 
velocity with which they move in certain parts of 
their orbits, display the Almighty power of Him 
who at first set them in motion: and although we 
are partly ignorant of the ultimate designs they 
are intended to accomplish, yet we may rest 
assured that they form a part of that plan of 
Divine beneficence, which appears a prominent 
object in all the works of God. There seems na 
improbability in the supposition, that they are in- 
tended as habitations for various orders of intel- 
lectual beings, to whom the Almighty displays 
himself in a peculiar manner, different from that 
of the inhabitants of the planets, and whose cor- 


| poreal organization is exactly adapted to the nature 


and properties of the world in which they are 
placed. For we have every reason to believe 
that an infinite variety exists in the universe, in 


frespect both to the physical and mental constitu- 


tion of the intelligences it contains. 


CHAPTER VI. 


ON THE ECLIPSES OF 


te, F 


Tue term eclipse is derived from a Greek word, | 


which signifies to be diminished, to faint away, 
to swoon, or to die. When the full moon, in her 
greatest luster, is deprived of the beams of the 
sun, she appears pale and languid, as if she were 
sick and dying. Hence the superstitious among 
the ancients imagined that the moon was in pain 
at such times, and therefore lunar eclipses were | 
called the labors of the moon; and in order to 
relieve her in that fancied distress, they were ac- 
customed to hold up on high lighted torches; to 
blow with horns and trumpets; to make a loud 
noise, by beating on vessels of brass and iron, to 
break, if possible, the enchantment that had fallen 
on the lunar orb. Before the true causes of 
eclipses were ascertained, those phenomena were 





considered as supernatural, and viewed with ap- 
prehension and alarm. It was believed that they 
were produced by the immediate interposition of 
God, as a token of his displeasure. en the 
sun was totally eclipsed, it was agin, By many 
of the ancients, that he turned away his face, in 
abhorrence of some atrocious crime that had been 
committed, or was about to be perpetrated on the 
earth, and threatened mankind with everlasting 
night. When the Medes and Persians, several 
centuries before Christ, were. preparing to engage 
in furious combat, they were so alarmed at an 
eclipse, which happened at that time, that the 
warriors on both sides laid down their arms, and 
entered into a treaty of peace. When the fleet 
of Pericles, the celebrated Grecian, was preparing 
to attack Peloponnesus, there happened an eclipse 
of the sun, which was considered as a most un- 
fortunate omen; and the whole,vof the Athenian’ 
commanders and their men were thrown into the 
greatest consternation. Such facts should inspire 
us with gratitude for the advantages we now en- 
joy, in a land where science is cultivated, and 
useful knowledge disseminated, and where the 
light of Divine revelation has dispelled the dark- 
ness and superstitions of the heathen world. 
Every planet and satellite is enlightened by the 
sun, and, consequently, casts a shadow toward the 





oint of the heavens which is opposite to that 
uminary. An eclipse, therefore, is a privation 
of the light of the sun, or of some other heavenly 
body, by the interposition of another body be- 
tween it and our sight. Eclipses are either of the 
sun, or the moon, or of the satellites which ac- 
company some of the planets. In regard to cir- 
cumstances, they are divided into total, partial, 
annular, and central. A total eclipse is when the 
whole face of the luminary is darkened; a partial 
eclipse is one when only a part of the disc is dark- 
ened; an annular eclipse is when the whole is 
darkened except a ring, or annulus, which appears 
round the dark part like an illuminated border. 
This can only happen in the case of an eclipse 
of the sun. In a central eclipse, the centers of 
the two luminaries and that of the earth are in 
one and the same right line, as when in an eclipse 
the moon passes through the center of the earth’s 
shadow. 





THE SUN AND MOON. 
. SECTION: I, 


ON THE ECLIPSES OF THE MOON. ¥ 

Aw eclipse of the moon is produced by the inter=.. 
position of the earth between the sun and moon, 
and, consequently, it can only happen at the time 
of full moon, when the moon is in opposition to 
the sun. As the earth is an opaque body, enlight- 
ened by the sun, it will cast a shadow toward 
those portions of space which are opposite to the 
sun, and if the moon happen to pass through 
those spaces where the shadow falls, she must 
necessarily be eclipsed. The sun and the earth 
are both spherical bodies, and, therefore, if they 
were of an equal size. the shadow of the earth 
would be cylindrical, as in fig. 54, and would con- 
tinue of the same breadth, at all distances from 
the earth, and would extend to an equal distance, 
and might cause an eclipse of the sun to the su- 
perior planets. If the sun were less than the 
earth, the shadow would expand, and grow wider 
the farther it was from the earth, as in fig. 55 ‘It 
would reach the orbits of Mars, Jupiter, Saturn, 
and Uranus, and eclipse them, when the earth in- 
terposed between them and the sun; and these 
eclipses, in the case of the most distant planets, 
would be of long duration, on account of the 
shadow being broader in proportion to the dis- 


Fig. 55. 








But as such eclipses never happen, it 


tance. 
forms a demonstrative proof that the sun is not 


less, but greater than the earth. The sun, then, 
being greater than the earth, the shadow of the 
earth is a cone, which ends in a point at a certain 
distance from the earth, as represented in fig. 56. 
This cone reaches to a distance of 840,000 miles 
from the earth, or about three and a half times as 
long as the distance of the moon from the earth. 

If the moon always moved in the plane of the 
ecliptic, she would suffer a total eclipse, at the 
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time’ of every full moon, By passing through the 
center of the earth’s shadow. , But the moon’s 
orbit is inclined to the plane of the ecliptic, at an 
angle of 5° 8’, and coincides with it only in two 
places, called the nodes, or the points where her 
orbit intersects the ecliptic. Full moon, there 
fore, may frequently happen without an eclipse, 
as at this period the moon may be either to the 
north or the south of the ecliptic. It has been 
calculated, that if the mean opposition of the sin 
and moon, or the full moon, happen within 7° 47’ 
of the moon’s node, there must be an eclipse; but 
if the distance be greater than 13° 21’, there can- 
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not be an eclipse. Let 16, fig. 57; represent the 

on’s orbit, © F the plane of the ecliptic, and N 
‘the node of the orbit, or point where it cuts the 
ecliptic; and aBcp four representations of the 
cartifitichadow in the ecliptic. It is obvious that 
when the shadow is at A, and the moon at 1, there 
will be no eclipse, because the moon is too far 
from the node, and the earth’s shadow does not 
reach her. When the full moon is nearer to 
the node, as at K, only a part of her disc passes 
through the shadow, when she suffers a partial 
eclipse. When the full moon is at 1, she passes 
through a portion of the shadow, and is totally 


Figs. 57, 58. : 
































































































































eclipsed. When the moon’s center passes through 
the center of the shadow, which can only happen 
when she is in the node at N, it is then both a to- 
tal and a central eclipse; and such an eclipse is of 
the longest duration—at which time the total 
darkness continues about two hours. 

Fig. 58 represents, in a different point of view, 
a total eclipse of the moon. The circle a Bc rep- 
resents the orbit of the moon, in which it revolves 
round the earth. The moon is supposed to be in 
the node, and in her opposition to the sun—she 
therefore passes through the center of the earth’s 
shadow. And as the shadow of the earth is 
nearly 6000 miles broad at the distance of the 
moon, and as the moon is only a little more than 
2000 miles in diameter, she must be completely 
immersed in the shadow of the earth, and must 
move hearly three times her own diameter before 
she can emerge from the shadow. 

The following facts may be stated in relation to 
lunar eclipses :—1. An eélipse of the moon always 
begins on the moon’s eastern side, and goes off on 
her western side. 2. Lunar eclipses are visible in 
all parts of the earth which have the moon above 
their horizon, and are everywhere of the same 
magnitude and duration. 3. The moon’s diame- 
ter is supposed to be divided into twelve equal 
parts called digits, and as many of these parts as, 
are darkened by the earth’s shadow, so many 
digits is the moon said to be eclipsed. ‘The ex- 
tent in which the moon is eclipsed above twelve 
digits shows how far the shadow of the earth is 
over the body of the moon on that edge to which 
she is nearest at the middle of the eclipse. 4. 
The moon, when totally eclipsed, is not invisible, 
if she be above the horizon and the atmosphere 








clear; but appears generally of a dusky color, 
somewhat like tarnished copper, especially toward 
the edges, being generally more dark about the 


middle of the earth’s shadow. Some have sup- 
posed this to arise from the moon’s native light, 
but the true cause of her being visible is, the scat- 
tered beams of the sun bent into the earth’s 
shadow, by passing through its atmosphere. The 
moon is net eclipsed by the earth alone; the at- 
mosphere, by refracting some of the rays of the 
sun, and reflecting others, casts a shadow, though 
not so dark a one as that which arises, from an 
opaque body. Although in most lunar eclipses 
the body of the moon, though obscured, is still 
visible, yet it has sometimes happened otherwise. 
Hevelius mentions, in his “ Selenographia,’’ an 
eclipse of the moon which happened in August, 
1647, when ‘he was not able to distinguish the 
face of the moon even with a good telescope, al- 
though the sky was sufficiently clear for him to 


‘see stars of the fifth magnitude: but such cases 


are rare, 

The duration of a lunar eclipse depends on the 
following circumstances :—l. On the largeness 
of the cirele of the earth’s shadow, whose diame- 
ter may be different at different times; the nearer 
the moon is to the earth, the larger is that portion 
of the earth’s shadow through which she passes, 
2. On the apparent diameter of the moon, which 
may be different, on account of her variable dis- 
tance, as she moves in an elliptical orbit. 3. On 
the distance of the moon from her node at the 
moment of her being full, which will cause her 
to pass through a greater, or less, portion of the 
earth’ssshadow. Thus when the moon is at x, 
fig. 57, the eclipse will be of comparatively small 
duration; when at 1, its duration will be much 
longer, but not so long as when she is at N, in the 
node, when she passes through the center of the 
shadow. 4. On the velocity of the moon’s mo- 
tion across the shadow of the earth, which is swift- 
est when she is in perigee, or nearest the earth, 
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and the duration of a central eclipse will then be 
shortest. According to these circumstance 

be the time of continuance. of a lunar eclipse. 
When the moon is centrally eclipsed, and when 
she is at her greatest distance from the earth, its 
duration is 3 hours, 57 minutes, 26, seconds, from 
beginning to end: and when she is at her least 
distance, 3 hours, 37 minutes, 26 seconds. The 
moon may be totally eclipsed, although she do not 
pass through the center of the shadow; but in 
this case the duration of the eclipse will be shorter 
than what has been now stated. In some in- 
stances, the continuation of total darkness may 
amount only to ‘a few minutes, when the moon 
passes near the extremity of the shadow. 


SECTION Il. 


* 
ON ECLIPSES OF THE SUN. 


An eclipse of the sun is caused by the interposi- 
tion of the body of the moon between the sun 
and the earth, when she throws a shadow over a 
certain portion of the earth. This can happen 
only at the time of new moon,and when the moon 
is at or near one of her nodes. The eclipses 
of the sun and moon, though expressed by the 
same word, are in their nature very different; the 
sun, in reality, loses nothing of his native luster in 
the greatest eclipse, but is all the while diffusing 
streams of light around him in every ction, 
and illuminating without intermission allt odies 
in the planetary system. Some of these streams, 
however, are occasionally intercepted in their 
course toward the earth by the moon coming be- 
tween the earth and sun, and at that time the 
dark ‘side of the moon is turned toward the earth. 
When the moon iseclipsed, she suffers a real dimni- 
nution of her borrowed light; but when the sun 
is said to be eclipsed, there is no diminution of 
his light, and it is in reality an eclipse of the 
earth by the shadow of the moon falling upon a 
certain portion of our globe: and this shadow 
would be distinctly seen, by an inhabitant of the 
moon, passing along a certain zone of the earth, 
like a small, dark, circular spot. The moon being 
much smaller than the earth, and having a coni- 
cal shadow—because she is less than the sun— 
can cover only asmall part of the earth by her 


shadow: hence an eclipse of the sun is visible | 


only to a few inhabitants of the earth, whereas 
an eclipse of the moon is visible to all who are on 
that hemisphere, where the lunar orb is seen. 


The following diagram, fig. 59, will convey a. 


general idea of the nature of an eclipse of the sun. 
In this figure, s represents the sun; M, the moon; 
gn, the earth; and MN 0, the orbit of the moon. 
The moon is supposed to be in that part of its 
orbit next the sun, having the enlightened side 
toward the sun, and its dark hemisphere wholly 
turned toward the earth, which is its position at 
new moon. It is also supposed to be in its node, 
in an exact line between the sun and the earth. 
In this situation the shadow of the moon falls 
upon:a certain portion of the earth, and intercepts 
the rays of the sun, fora little, from the inhabi- 
tants of the earth on whom the shadow falls. Part 
of the cone of the shadow is represented at a 6, and 
it is never more than about 180 miles in diame- 
ter, within the limits of which the sun will appear 
totally eclipsed. But sometimes it happens that 
the extremity of the cone of the moon’s shadow 
falls short of the earth, in which case an annular 
eclipse of the sun is produced; in which the sun 
appears like a brilliant ring of light around the 
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dark body of the moon. Beside the dark shadow, 
there is a penumbra or fainter shadow produced, 
which is represented atc d; and in all those parts 
where the.penumbra falls, the sun will be only 
partially eclipsed. Thus, between ¢ and a, the 
parts of the sun about a B cannot be seen; the 
rays coming from thence toward ¢ or a being in- 
tercepted by the moon; but the portions of the 
sun about G and x will be visible. The nearer 
any place of the earth—within the penumbra— 
is to the dark shadow of the moon, the greater 
will the eclipse appear, and the nearer it is to the 
outside of the penumbra, the smaller will be that 
portion. of the sun which is seen eclipsed. To 
those who live beyond the boundary of the penum- 
bra, the whole disc of the sun will be seen and no 
eclipse will be visible. Hence it. happens, that 
the sun may be totally eclipsed in Africa and the» 
southern parts of Asia, and no trace of an eclipse 
perceived, at the same. moment, either in Britain 
or America. et 

The following are some facts in relation to so- 
lar eclipses:—1. If the mean conjunction of the 
sun and moon takes place within 15 degrees of 
the moon’s node, there must be an eclipse of the 
sun; but if the conjunction happen at a greater 
distance from the node: than 21 degrees, there can 
be no eclipse. Therefore, between 15 degrees and 





21 degrees there may or may not be aneclipse. 2. 
The penumbra covers a space of 4900 miles in 
diameter, within which the sun will appear more 
or less eclipsed. 3. The motion of the moon’s 
shadow over the earth’s surface is equal to her mo- 
tion in her orbit, which is about 2200 miles in an 
hour; a velocity four times as great as that of a 
cannon ball. 4. The number of eclipses in any 
year cannot be less than two, and those both of 
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the sun; nor can they be ever more than seven: 
in which case there will be five of the sun, and 
two of the moon, and the moon’s eclipses will be 
total. The usual number is four in a year, two 
at. each node, and nearly half a year intervenes 


between the two sets of eclipses. 5. The sun is 


never totally eclipsed longer than about four 
minutes, but the moon may be immersed in the 
earth’s shadow, or totally eclipsed, about J hopr 
and 48 minutes: 6. Eclipses of the sun are more 
frequent than eclipses of, the moon, because the 
ecliptic limits of the sun are greater; but we have 
more visible eclipses of the moon, because they 
are seen to the whole hemisphere next her; while 
eclipses of the sun only are visible’ from a very 
small portion of the earth’s surface. 7. An eclipse 
of the sun begins on the western side, and ends 
on the eastern. 

Periods of Eclipses.—It has been found that in 
223 mean lunations, after the sun, moon, and 
nodes have been once in a line of conjunction, 
they return so nearly to the same state again, 
that the same node which was in conjunction 
with the sun and moon, at the beginning’of the 
first of these lunations, will be within-less than 
half a degree of aline of conjunction with the sun 
and moon again, when the last of these lunations 
is completed. Therefore, in ‘that time there will 
be a regular period of eclipses for many ages. 
this period there are 18 Julian years, 11 days, 7 
hours, 42 minutes, 31 seconds; when the last day 
of February in leap years is four times included. 
Consequently, if to the mean time of any eclipse, 
either of the sun or moon, we add the above pe- 


riod, we shall have the mean time of the return | 


of the same eclipse. During this period, there 
happen about 62 eclipses, 21 of the moon and 41 
of the sun. If, then, we wish to know the mean 
time of an eclipse for any year, we have only to 
seek in old almanacs the exact time that any 
eclipse may have happened 18 years before, and 
add to such time the above mentioned period. 
From what has been now stated respecting so- 
lar eclipses, it is evident that the darkness which 
accompanied our Saviour’s crucifixion must have 
been supernatural. For it happened at the time 
of the Jewish passover; and that festival, by the 
appointment of the law, was to be celebrated at 
full moon, at which time it was impossible that 
the shadow of the moon could fall upon the earth, 
or the sun be eclipsed, according to the established 
laws of nature. Beside, in a total eclipse of the 
sun, the time of the continuance of total darkness 


is not more than about four minutes; but the: 


darkness which overspread “the whole land” 
while our Redeemer hung upon the cross, con- 
tinued without intermission for more than three 
hours. And again, although the sun had been 
totally eclipsed in a natural’ way, at that time, to 
the inhabitants of Jerusalem and its confines, it 
would have been only partially eclipsed to those 
who dwelt on the outskirts of the land of Judea; 
as the shadow of the moon, in an eclipse of the 
sun, Covers only a small part of the earth’s surface 
at one time. Jn confirmation of what has been 
now stated, it has been calculated by some astro- 
homers, that an eclipse of the moon, which can 
only take place at the time of full moon, happened 
on the afternoon of that day on which our Sa- 
viour was crucified; so that, according to the 
language of the prophet, ‘The sun and the moon 
were both darkened in their habitation,” at the 
time when this solemn and interesting event was 
accomplished. ; 
Total eclipses of the sun have always been con- 
sidered as remarkable events. Clavius remarks, 
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\ that at the total eclipse of the sun which happen- 
ed in 1560, the darkness at Coimbra, in Portugal, 
was greater or at least more striking than that of 
the night, and that the birds fell to the earth 
through terror. At Berne, in Switzerland, on May 
1, 1706, the sun was totally darkened for four mi 
nutes, during which time a fixed star and a planet 
appeared very bright. The sun’s passing out of 
the eclipse was preceded by a blood red streak of 
light from his left limb, which continued about 
six or seven seconds; then part of the sun’s dise 
appeared all on a sudden brighter than Venus was 
ever seen in the night,—and in that instant gave 
light and shadow to objects as strong.as the moon- 
light generally does. One of the most minute ac- 
counts of the circumstances accompanying a to- 
tal eclipse of the sun is that which is given by 
Dr. Stukely, of the eclipse which happened in 1724, 
in a letter to Dr. Halley; of which the following 
is an abridgment:— E 

“IT chose for my station, Haradon-hill, near 
Amesbury, east from Stonehenge avenue. In front 
is that celebrated edifice upon which I knew that 
the eclipse would be directed. I had the advan- 
tage of a very extensive prospect in every direc- 
tion, being on the loftiest hill in the neighborhood, 
and, that nearest to the center of the shadow. 
I had two men ‘in company who looked through 
smoked glasses. ‘The sky, though overcast, gave 
out some straggling rays of the sun that.enabled 
us to see around us. It.was half-past five by my 
watch when they informed me that the eclipse was 
begun. We watched its progress by the naked eye, 
as the clouds performed for us the service of co- 
lored glasses. At the moment when the sun was 
half obscured, a very evident circular rainbow 
formed at its circumference with perfect colors. 
As the darkness increased we saw the shepherds 
on all sides hastening to fold-their flocks, for they 
expected a total eclipse of an hour and a quarter 
duration.. When the sun assumed the appearance 
of the new moon, the sky was tolerably clear, but 
it was soon covered with deeper clouds. The rain- 
bow then vanished; the hill grew very dark, and 
on each side the horizon exhibited a blue tint 
like that at the close of day. Scarely had we 
time to count ten, when Salisbury spire, six miles 
to the south, was enveloped in darkness. The 
hill disappeared entirely, and the deepest night 
spread around us. We lost sight of the sun, 
whose place until then we had been able to distin- 
guish in the clouds, but whose trace we could 
now no more discover than if it had never exist- 
ed. It was now 35 minutes past six; shortly be- 
fore the sky and the earth resumed a livid tint; 
there was also much black diffused through the 
clouds, so that the whole picture presented an aw- 
ful aspect that seemed to announce the death of 
nature. 

“We were now involved in a total and palpable 
darkness. It came on rapidly, but I watched so 
attentively that I could perceive its progress. It 
came upon us like a great dark mantle thrown 
over us. The horses we held by the bridle seemed 
deeply struck by it, and pressed closely to us with 
marks of extreme surprise. As wellas I could 
perceive, the countenances of my friends wore a 
horrible aspect. . It was not without an involun- 
tary exclamation of wonder, I looked round me 
at this moment; I distinguished colors in the sun, 
but the earth had lost all its blue and was entirely 
black. A few rays shot through the clouds for a 
moment, but immediately afterward the earth and 
the sky appeared totally black. It was the most 
awful sight I had ever beheld in my life. North- 
west of the point whence the eclipse came on, it 
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was impossible to distinguish in the least degree 
the earth from the sky, for a breadth of 60 degrees 
Or more. We looked in-vain for the town of 
Amesbury, situate below us; scarcely could we see 
the ground under our feet. All the change I could 
perceive during the totality was that the horizon 
by degrees drew into two parts, light and dark; 
the northern hemisphere growing still longer, 
lighter, and broader, and two opposite dark parts 
uniting into one, and swallowing up the southern 
enlightened part. 

“At length, upon the first lucid point appearing 
in the heavens where the sun was, I could distin- 
guish pretty plainly a rim of light running along- 
side of us, a good while together, or sweeping by 


our elbows, from west to east; just then, having | 


good reason to suppose the totality ended, I found 
it to be full three minutes and a half.. The hill 
tops then resumed their natural color, and I saw 
no horizon at the point previously occupied by the 
shadow. My companions cried out. that they 
again saw the steep hill toward which they had 
been looking attentively. Presently we heard 
the song of the larks hailing the return of light, 
after the profound and universal silence in which 
everything had been plunged. The heavens and 
the earth now appeared of a grayish cast, inter- 
spersed with blue, like the morning before sun- 
rise. As soon as the sun appeared, the ciouds 
grew denser, and for some minutes the light did 
not increase, as happens at a cloudy sunrise. The 
instant the eclipse became total, until the emersion 
of the sun, we saw Venus but no other stars. We 
perceived at this moment the spire of Salisbury 
Cathedral. ‘The presence of the clouds added 
much to the solemnity of the spectacle, incom- 
parably superior, in my opinion, to the eclipse’ of 
1715, which I saw perfectly from the top of 
Boston steeple, when the sky was very clear. 
There, indeed, 1 saw the two sides of the shadow, 
coming from afar and passing to a great distance 


behind us; but this eclipse exhibited great variety, | 
| tures. 


and was more awfully imposing. So deep an im- 
pression has this spectacle made on my mind, that I 
shall long be able to recount all the circumstances 
of it with as much precision as now.” 

There have been no, total eclipses of the sun in 
Britain, since those of 1715 and 1724, nor will 
there be one visible here during the present cen- 
tury. The first total eclipse in England will hap- 
pen on the 3d of February, 1916. The most re- 
markable solar eclipses for the next half century 
are those of March 15, 1858,and August 19, 1887, 
The last total eclipse of the sun visible in Europe, 
happened on July 8th, 1842, of which the follow- 
ing account is abridged from the Atheneum: 

“ Vienna, July 8, 1842.—The eclipse, the object 
of our journey to Vienna, was worth going any 
distance to. see. No partial eclipse, however con- 
siderable, can give the faintest notion of what a 
total one is. All Vienna was in expectation for 
many days previous to the event, and strangers 
flocked to that capital in crowds to witness that 
phenomenon. The celebrated astronomer, Schu- 
macher, came all the way from Denmark on pur- 
pose to see the eclipse with astronomical eyes. At 
four in the morning, I beheld the clear rays of the 
sun, shining opposite my window, while the ge- 
neral appearance of the sky indicated a favorable 
concurrence of circumstances. Soon after five, I 
was on my way to the Botanical Garden, and al- 
ready the ramparts of the city were thronged with 
multitudes. About ten minutes before six the 
first spot of darkness was observed upon the sun. 
From that time until the total obscuration, there 
was no very unusual appearance. The sky, about 
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half an hour beforesthe commencement of the 
eclipse, became somewhat obscured by vapor, and 
blue mists arose increasingly from the horizon. 
A perceptible chillness crept into the air, and 
flights of swallows flew wildly and restlessly 
through the darkening atmosphere; but as long 
as the smallest portion of the sun. was visible, 
there was considerable light. But now approached 
the important moment. A heavy bell tolled at 
intervals from the city, like the funeral knell of 
our beautiful orb of light and life, and the sharp 
shrill cries of the birds, which had disappeared, 
as if to take refuge from some impending convul- 
sion of nature. Yet a moment, and ona sudden, 
an effect took place, unexpected and sublime. 
The whole. aspect of heaven and earth underwent _ 
a change, with regard to light, coloring, every- 
thing: and the instant that-preceded the total 
eclipse, resembled in nothing, and gave no idea 
of that which followed it. 

“ Round the black sun was an irregular halo of 
whilish light, defining clearly and strongly the ob- 
scured orb. In some places, this halo extended 
into longer gleams, forming altogether a faint 
glory. It was not so generally dark as I had sup- 
posed if would have been,—but the sudden dimi- 
nution of light, at the moment of total obscura- 
tion, was sudden and startling. Also the sudden 
diminution of temperature, the thermometer fall- 
ing 1] degrees instantaneously upon the complete 
immersion of the sun. One of the most striking 
and unexpected effects, was a red and lurid glow, 
that suddenly kindled upon the horizon; the blue 
pale vapor that had risen from the east, being con- 
verted into the semblance of a mighty conflagra- 
tion. The principal light in the landscape came 
from thence. no longer from the sun. The rest 
of the atmosphere was of a sickly greenish tinge, 
overcast with duskiness, through whose spectral 
tints the crowds upon the ramparts were dimly 
discerned, all standing in solemn stillness, like the 
vast shadowy multitudes in one of Martin’s pic- 


“ The number of stars visible during this eclipse, 
at Perpignan, according to Arago, was only ten. 
The number was greater at Montpelier and Milan, 
Its effect upon animals was remarkable. One of 
the friends of Arago had five healthy linnets in a 
cage, three of which died during the sudden dark- 
ness of the eclipse. Oxen formed into a cire 
with their horns thrust forward, as if to repel an 
enemy. At Montpelier bats and owls appeared, 
sheep lay as if for the night, and horses in the 
fields were in terror. M. Fraise a naturalist, re- 
lates that a swarm of ants, in full march, stopped 
short at the moment of occultation, when the dark- 
ness was nearly at its hight.” 

The following table contains a statement of the 
principal solar eclipses during the present century: 

In this table, the eclipses marked with an 
asterisk are calculated for the meridian of Paris; all 
the others are calculated for the middle of England. 

Eclipses are not only striking and interesting 
phenomena of nature, but are of considerable ad- 
vantage and utility. In the first place, from an 
eclipse of the moon we derive one conclusive 
argument to prove the globular figure of the earth, 
from the circular shape of the shadow of the 
earth in a lunar eclipse. 2. Eclipses of the moon 
prove that the sun is larger than the earth, be- 
cause the shadow of the earth shortens in its 
breadth as it retires from the earth, and at length 
terminates in a point, which it could not do if the 
sun were smaller. 3. They also prove that the 
earth is larger than the moon, because the whole 
of the moon’s body is sometimes involved in the 
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> | 
ae h. min. sec. h. min. sec. h. min. sec. ‘deg. min. 
May 6,1845| 8 30 25 morn.| 9 51 55 morn.} 11 19 55 morn. 5 12° 1 
April 25,1846 | 5 42° -0 ‘even. | 6 30° 0° even. | ~ oe 3 4 
{Oct. 9,1847 |}. 6 22 38 morn.| 7 36 38 morn.| 8 48 38 morn./ 11 0 
July 28,1851 |' 1 ‘57 11 even. |° 3 5 11 even. | 4 10 41 even. 9 43 
March 15,1858 | 11 29 30 morn.'| 12 52 2. even. 2-12. 0 even. TE “30 
July 18,1860] I 34 30 even. 2°45 * © 0" seven: 3 52 30° even. $12 
Dec. 31,1861*, 2 5 0 even. 3°""4." 0. even: G* 13 
May 17,1863*/ 6 0 0O-even. | 6 46 0 even. T 30. 0 even. 3 58 
Oct. 19,1865 | 3 55 58° even. 59: 58 even: 6 17 28 even. T* 36 
Oct. 8,1866*/ 5 2 0 even. Sun sets 5h. 32m. 3 58 
March 6,1867| 8 7 26 morn. | 9 21 26 morn. | 10 40 26 morn. 8 42 
Feb. 23,1868*, 3 42 0 even. 3 54. 0 even. 4 6 0 even. o's 
Dec. 22,1870 | 11 15 28 morn. | 12 32 58 even. 1 48 28 even. 9 36 
May 26,1873) 7 56 0 morn. |, 8 48 0 morn. | 9 34 O morn. 3.36 
Oct. 10,1874*) 8 55 7 morn. | 10 13 37 morn. | 11 34 37 morn. 6 18 
Sept. 29,1875*| 11-56 0 morn. | 12 37 0 even. 1° 7. 0 even. HQT 
July 19,1879#| ‘7 45 '0 morn.}| 8,39 0 morn.| 9 41 0 even. AMS 
Dec. 31,1880*// 1 49 0 even. 2 47 O even. 3 36 0 even. 4 98 
May 17,1882*) 6 22.°0 morn.| 7 © ~0 mom. | 7 49 0 morn.| 3 19 
Aug. “19,1887 |) '3 25 22morne' | 4.15 ,22* morn.) 5° T 52° morn.’ | IT 68 
{June 17,1890% 8-19 0 morn. | 9 22 0 morn.|10 48 O morn. 5 46 
May 28,1900*/ 3 21 0 even. 4°30 0 even. 5 23° 0 even. 7 53 
Aug. 30,1905 | 11 54 52 morn.| 1 8 42 even. 2 19 42 even. 9 30 
April 17,1912} 10 48 12° morn. {12 23 12 | even. 1 45°12 even. 11 30 
[Feb. 3,1916 !} 4 21 10 ‘even. 5 21 40 even.. 6 18 10 even. iz 0 
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earth’s shadow, and a section of this shadow at 
the moon is much less than the earth itself. 4. 
The longitude of places may be obtained by 
eclipses to a great degree of accuracy. An eclipse 
commencing at the same moment of time to all 
places at which it is visible, the difference in the 
observed time at any two places will give the 
difference of longitude between the places. 5. 
Eclipses have lent their aid in settling the precise 
date of ancient historical events. For if near the 
time of any memorable event recorded in history, 
a remarkable solar or lunar eclipse be also record- 
ed, we may know whether the real time of this 


| 





event be rightly determined, by calculating back- 
ward, and ascertaining whether any remarkable 
eclipse happened near the period supposed. For 
example, Thucydides relates that a solar eclipse 
happened on a summer’s day, in the afternoon, in 
the first year of the Peloponnesian war, which 
eclipse was so great that the stars appeared. This 
is stated in modern authors to have been in the 
year 413 before Christ, and by computation it 
appears that on the 3d of August in that year, 
there was a great solar eclipse, which passed over 
Athens about six o’clock in the afternoon; which 
therefore corroborates the decision of chronologers. 


CHAPTER VII, 


ON THE SEASONS, AND THE DIFFERENT LENGTHS OF DAYS AND NIGHTS 


We formerly had occasion to state that the 
earth revolves round its axis every 24 hours, and 
round the sun in about 365 days and nearly 6 
hours. These motions are intimately connected 
with the different lengths of days and nights, 
experienced in almost every region. of the globe, 
and with the seasons which diversify the different 
portions of the year. 

The constant succession of day and night— 
though so common as to be almost unheeded—is 
in reality a very wonderful operation of the Most 
High. When, after a dark and tempestuous 
night, the sun first appears in, the unclouded hori- 
zon, all nature appears animated by his presence. 
The magnificent scene of creation, which a little 
before was involved in obscurity, opens gradually 
to view—and every object around has a tendency 
to excite sentiments of delight and adoration, if 
man were disposed to contemplate the works of 
his Creator with intelligence and pious emotion. 
The heavens are adorned with azure, the clouds 





are tinged with the most lovely hues, the flowers 
expand their buds, and put forth their colors; the 
birds awake to melody, and the insect tribes are 
on their wing, all rejoicing in the light of the 
luminary of day. The curtain of darkness is 
likewise removed from the abodes of men, which 
are previously obscured, and we behold the cities, 
towns and villages, the lofty domes, the glittering 
spires, and the palaces and temples with which 
the landscape is adorned. After a night of dark- 
ness and tempest, such a scene appears almost 
like a new creation. The sun, after moving in 
all his brightness through the canopy of heaven 
is again hidden from our view in the western re- 
gion of the sky, and we are then presented with 
a scene still more wonderful and sublime: the 
moon rises in unclouded majesty—the planets are 
beheld moving in their different courses, and an 
innumerable host of stars, spread over the whole 
concave of the firmament, diffuse their radiance 
from afar Such a spectacle, during the silence 
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of the night, fills sniibitemplative mind with | as soon as genial showers refresh the soil, emerge 


solemn thoughts, and with sentiments of wonder 
and delight, and has a tendency to raise the soul 
to a consideration of the Great First Cause, “by 
whom the heavens were made.’ 

In the course of the annual revolution of the 
earth round the sun, the inhabitants of every 
country, and of every clime, experience, though 
at, different times, all the variety of the seasons, 
and the different lengths of days and nights with 
which they are accompanied. . Spring, summer, 
autumn, and winter, follow each other in con- 
stant succession, diversifying the scenery of na- 
ture, and distinguishing the different periods of 
the year. In the present constitution of the 
earth, and in the present state of man, this vicis- 
situde of seasons is attended with manifold ad- 
vantages both to the human race and to the other 
tribes of animated nature, and is necessary toward 
bringing to maturity the various productions of 
the earth. During one-half of the year, from 
March 21, to September 23, the regions of our 
globe within the north polar circle enjoy ‘their 
summer, and part of their spring and autumn. 
At. the north pole, the sun shines six months 
without intermission; and from 6614 degrees of 
north latilude, the inhabitants of these climes 
enjoy a length of day varying from 24 hours. to 
six months;—the nearer the pole, the longer is 
the day. In Greenland and Davis’ Straits, our 
whale fishers enjoy, during the greater part of 
the time they are employed in those regions, an 
almost uninterrupted day of three or four months 
in length. During the same time, the inhabitants 
of the antarctic circle around the southern pole, 
are altogether deprived of the sun, and shrouded 
in darkness, until the 23d of September; when 
he again appears on the verge of their horizon. 
These countries, within the polar circles, may be 
considered as having only two seasons—summer 
and winter. “They have a summer of about four 
months, during which the days are very long’and 
the heat considerable. The rest of the year may 
be considered as winter: for so rapid is the tran- 
sition from heat to extreme cold, and from cold to 
heat, that spring and autumn are scarcely per- 
ceptible. It is only in temperate climates that 
four distinet seasons are particularly distinguished 
and enjoyed. In such climates, in spring, plants 
have time to shoot, and grow insensibly, without 
being destroyed by late frosts, or too much 
hastened by early heats. In summer, the heat 
gradually diminishes; so that the fruits of autumn 
have time to ripen by degrees, without being hurt 
by the winter colds. Throughout most of the 
European countries, particularly in Italy, and 
the south of France, these four seasons are dis- 
tinctly perceptible. In the warmest countries 
too, as well asin the coldest, there may be said 
to be only two seasons, that materially differ from 
each other; as in the tropical climates, about 
the central. parts of Africa, and the southern 
regions of Asia. In such countries, there is a 
dry and scorching season, during seven or eight 
months, until the rainy season commences, which 
continues generally four or five months; and this 
is the chief distinction between their summer and 
winter. 

Every season of the year is characterized by 
its peculiar phenomena and effects. Spring is 
characterized as the season of the renovation of 
nature after the gloom and torpor of winter. At 
this period, animals and vegetables feel the in- 
fluence of returning warmth, and prepare for the 
continuance and increase of their several species. 
The plants and flowers, which were hid in winter, 





from the ground, and begin. to display their beau- 
ties. -As the sunrises higher and higher above 
the horizon at noon, and the, heat increases, the 
larger vegetables, shrubs and trees, unfold their 
leaves, and the winged tribes begin to build their 
nests, and to “sing among the branches.” The 
landscape begins to be adorned with a lively 
green, interspersed with flowers of various hues, 
and all nature appears in ceaseless activity. In 
this season, about the 21st of March, the sun 
crosses the equinoctial; when the days and nights 
are equal over all the globe, and the north polar 
regions, which were previously involved in dark- 
ness, now begin to feel the light and genial influ- 
ence of the sun. The approach of spring and its 
progressive advances, fill the hearts of all, the 
mendicant as well as the monarch, with hope, 
and unmixed joy and satisfaction; for this season 
affords us a thousand new delights. It charms 
us with the beauty and perfume of flowers; the 
songs of the winged tribes; the length of the day 
rapidly advancing; and the preludes of approach- 
ing summer, and the pleasures of rural excur- 
sions. ; 

Summer has generally been considered, on the 
whole, as the most delightful season of the year. 
Every object is then clothed in renovated beauty 
and gladness—the winter snows are completely 
melted from the hills; the trees are bursting with 
leaves; the flowers are painting themselves with 
every variety of color, and every thicket, and every 
hill ring with the modulations of various notes— 
everything in the animal and vegetable world 
now appears in a progressive state toward matu- 
rity, and the insect race seem animated with 
peculiar vigor and activity under: the more di- 
rect influence of the sun. At this time (about the 
21st of June), the sun rises highest in his meri- 
dian course, the heat increases, the day is at the 
longest, the night consists only of a few hours of 
twilight, and the rising sun is accompanied with 
peculiar sublimity and splendor. The fleecy 
clouds are painted with purple and vermilion, the 
mountain-tops are fringed with radiance, and 
every object on the face of nature displays its pe- 
culiar form and beauties. This season, too, is 
sometimes distinguished by excessive heats, which 
produce languor and inactivity, and sometimes the 
sky is covered with dark and lowering clouds, 
when, on a sudden, the forked lightnings flash, 
and the thunders roll in awful majesty along the 
sky, appalling the timorous mind and preduc- 
ing terror among the tribes of animated na- 
ture. 

Autumn is the season when the fruits of the 
earth are brought to maturity, to supply the 
wants of man and beast. The silent and gradual 
progress of maturity is now completed, and the 
promise of spring fulfilled. The fields are cover- 
ed with a golden harvest, the reapers in joyful 
groups are cutting down their sheaves, and, the 
productions of the earth are gathered into the 
garner, to be stored up as provisions for the com- 
ing year. In every garden and orchard, delicious 
fruits, of various hues are seen hanging on the 
branches, to gratify the eye, the palate, and the 
imagination, and presenting a specimen of the 
superabundance of Divine goodness in providing 
such a variety of comforts for the human family. 
“Oh that men would praise the Lord for his 
goodness, and for his wonderful works to the 
children of men.’’—For He crowneth the year 
with his goodness, his “ paths drop fatness:—the 
little hills rejoice on every sidee The pastures 
are clothed with flocks; the valleys also are 
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covered over with corn; they shout for joy, they 
also sing.” ‘T'oward the close of this ‘season, the 
objects of the vegetable creation begin to lose 
their bloom and their beauty. The groves lose 
their leafy honors; the gaudy flowers disappear; 
and nature puts on a more bleak and somber as- 
pect. But before the forests and the groves are 
stripped of their beauty, they assame a tempo- 
rary splendor superior to even the verdure of 
spring, or the luxuriance of summer. The ever- 
changing hues of the leaves of the trees, melting 
into every soft gradation of color and shade, have 
long engaged the imitation of the painter, and in 
some measure enliven the gloom of the falling 
year. During this season (on the 23d of Septem- 
ber), the sun crosses the equinoctial, in his course 
toward the south. He then sets to the north pole, 
and begins to diffuse his rays on the south polar 
regions, where spring now commences; and du- 
ing all the period which intervenes from this time, 
until the 21st of the following March, the sun 
shines without intermission around the southern 
ole. 
: Winter succeeds autumn, and completes the 
circle of the seasons, in our northern latitude. 
The thickening fogs, the heavy rains, the hail 
showers, and the descending snows, now begin 
to deface the beauties of the rural landscape. 
The melody of birds is seldom heard in. the 
groves; the flowers lie dead, and their beauties 
defaced; the trees are lashed by storms, stripped 
of their verdure, and spread their naked arms to 
the ruthless winds. The vapors sometimes thick- 
en into an impenetrable gloom, and obscure the 
face of the sky. The rains descend in torrents; 
the brooks swell, the rivers burst their ‘banks, 
and bury the meadows under a soaking deluge. 
The atmosphere is now and then hurled into 
tumultuous confusion, and everything trembles 
before the furious blast. The trees of the forest 
are dashed headlong to the ground, and the shep- 
herd’s cot carried aloft in the air, or shattered in 
pieces. The ocean swells with violent commo- 
tions, and tosses its waves toward the clouds. 
Ships are dragged from their anchors, and-are 
whirled about as stubble along the vast abyss, and 
some of them plunged into the open gulf, with 
all their mariners, to rise no more. Such are 
some of the aspects and desolations of stern win- 
ter. But it is also accompanied with numerous 
“benefits to mankind. The frost and cold which 
winter produces, prevent many hurtful vapors 
in the higher regions of the atmosphere from 
falling upon us, and purify the air from nox- 
ious exhalations. Far from being prejudicial to 
health, they often improve it, and prevent the 
humors from that putrefaction which heat might 
produce. Cold has a tendéncy to brace the ani- 
mal system, and to promote the circulation of 
the blood. When the fields and gardens are 
covered with snow, this is necessary to preserve 
them from the cold, and to preyent. the grain 
from corrupting. The earth requires repose, 
after having yielded in. summer all that we re- 
quire for our subsistence during the winter. 
While the cold continues, the means are at hand 
for procuring artificial heat, by the abundance 
of coals and wood which the Creator has _pro- 
vided. During this season, too, we enjoy. the 
most, brilliant and interesting views of the star- 
ry heavens, of the planets in their courses, and 
of the moon “ walking in brightness.” So that 


in every season, we have abundant evidence of | 


the goodness of our bountiful Creator, and of the 
tender caro he exercises over every portion of the 
human family. During the middle of winter the 
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days are shortest and the Sita the longest This 
happens more particularly about the 2lst of 
December, when the sun, in our latitude, rises 
near the south-east, descri a short curve'a 
little above the southern horizon, and sets near 
the south-west, after having remained only seven 
or eight hours above the horizon. : 

- It is here worthy of remark, that all the diver- 
sified phenomena of the seasons, and the differ- 
ent lengths of days and nights throughout the 
year, are produced by the operation of a few ap- 
parently simple principles. In all the operations 
of the Almighty, we find that the most diversified 
and astonishing effects are produced by causes 
that are either unheeded, or by agents which, to 
our limited view, appear altogether inadequate to 
produce the results. From the simple principle 
of gravitation, for example, proceed all the beau- 
ties and stblimities which arise from the meander- 
ing rills, the majestic rivers, and the roaring cata- 
racts; it causes the mountains to rest on a solid 
basis, and confines the ocean to its appointed chan- 
nels; it produces the descent of the rains, and 
dews, and the alternate flux and reflux of the 
tides; it rolls the moon round the earth, and pre- 
vents her from flying off to the distant regions of 
space; it extends its influence from the earth to 
the moon, and from the sun to the remotest 
planets—preserving surrounding worlds in their 
proper courses, and connecting the solar system 
with other worlds and systems in ‘the remote 
spaces of the universe. From the minutest’atom 
to the vast luminaries of heaven, everything is 
subject to its all-powerful influence; and from 
this active invisible agent proceed all the order, 
beauty, and variety, which distinguish the works 
of creation. Thus, also, the principle called elec- 
tricity—which manifests itself in sparks of fire, 
when a glass tube is rubbed in the dark—is found 
to be the cause which produces the lightnings of 


heaven, and all’ the sublime phenomena which 


accompany a violent thunderstorm; and,.in com- 
bination with other agents, produces likewise the 
fiery meteor which sweeps through the sky with 
its luminous train, and the beautiful coruscations 
of the aurora borealis. 

In like manner the vicissitude of day and night 
and the revolution of the seasons and their diversi- 
fied phenomena, depend on the most simple prin- 
ciples and arrangements. The alternate succes- 
sion of day and night is occasioned merely by the 
uniform rotation of the earth upon its axis. As 
our globe turns round on this imaginary line every 
24 hours, and as only one-half of a globe can be 
illuminated at a time, it is evident that any par- 
ticular place will sometimes be turned toward the 
sun, and sometimes opposite to it: and being thus 
constantly subjected to these various pgsitions, a 
regular return of light and darkness will be expe- 
rienced during the above period in every region 
not within the limits of the polar circles. When, 
by the diurnal revolution, any place is carried into 
the dark hemisphere, it is night; and when turned 
round into the enlightened hemisphere, it is day. 
The sun and all the other heavenly bodies appear 
to move along the heavens every day from east to 
west; but this motion is only apparent, and is 
caused by the real motion of the earth on its axis 
from west to east; but the apparent motion of 
these bodies is‘somewhat different at different sea- 
sons of the year, and. in different regions of the 
globe. (See ante, p. 11.) All the planets on whose 
surfaces spots have, been discovered, are likewise 
found to perform rotations round their axes, which 
will produce a similar revolution of day and night, 
as in our world, though in different periods of 
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time, some of the planets finishing the, periods of 
their rotation in about ten hours, sonie in ten and 
a half, and others in twenty-three hours. 

As to the vicissitudes of the seasons—this is 
owing to the inclination of the earth’s axis to the 
plane of its orbit. If the axis of the earth stood 
perpendicular to the plane of its orbit, there would 
be no variety in the length of days and nights; 
but they would of course be equal all over the 
globe, except at the poles, where the sun would 
neither rise nor set, but‘remain continually in the 
horizon, as he is seen at present in that position 
on the 21st of March and the 23d of September, 
at the north and south poles. This inclination is 
2316 degrees from the perpendicular, which makes 
an angle with the earth’s orbit, or the ecliptic, of 
661 degrees. The axis of the earth always keeps 
parallel to itself, in its motion round the sun, and 
points exactly to the same part of the heavens. 
This may appear somewhat strange, since the orbit 
of the earth is 190 millions of miles in diameter; 
but this extent, however great, is only as a point 
when compared with the immense distance of 
the fixed stars—the nearest of which is. at least 
more than two hundred thousand times farther 
from us than we are from the sun. If we look 
along two parallel. rods, four or five yards distant 
from each other, they will both seem to point di- 
rectly to the moon when in the horizon, though at 
such a distance from each other, although they 
would not both point to the same object placed at 
a short distance. And perhaps four or five yards 
bear as great a proportion to the distance of the 
moon as 190 millions of miles bear to the distance 
of the stars. 

The subject of the seasons may be illustrated 
by the following diagram, fig. 60, which repre- 
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sents the earth in four different positions in its 
orbit, the central figure representing the sun. It 
is known from observation that the axis of the 
earth is always directed to very nearly the same 
fixed point in the heavens, and therefore it will 
constantly preserve the same position, in whatever 
part of its orbit the earth may happen to be in its 
circuit round the sun, as may be seen in the 
figures here represented. Let us now suppose the 
earth to be in the situation represented at March, 
or at. N, at the higher part of the diagram, A 
right line joining the centers of the earth and sun 
will cut the surface of the earth in the equator, 
and the boundary between light and darkness will 
pass through the two poles, and the days and 
nights will consequently be equal throughout the 
whole earth, except at the poles, which are in the 
boundary of light and darkness., But when the 
earth, in its annual course, is carried along the 
fourth part of its orbit to its position, as repre- 
sented in June, toward the left hand of the figure, 
the north pole of the axis still continuing to point 
in the same direction, will advance into the en- 
lightened hemisphere, and will be 23 degrees and 
a half from the boundary between light and dark- 
ness, and the south pole at the same distance 
within the dark hemisphere. It is evident that, 
in this position, the earth may turn round its axis 
a considerable number of times, and yet no placec 
around the poles be within the boundary of dark- 
ness. And if the earth were to continue in this 
part of its orbit, the ‘sun would never set to the 
inhabitants near the north pole, nor rise to those 
near the south. At the equator it would be 
always equal day and night; and in all places 
north of the equator their days would be longer 
and their nights shorter in proportion to their 
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nearness to the arctic or north polar circle, while 
those on the south side of the equator would have 
their nights longer than their days. 

But as the earth moves forward in its orbit to- 
ward September, represented in the lower part of 
the cut, the north pole will gradually approach 
the boundary between light and darkness, which 
boundary will again pass through both poles on 
the 23d of September; the days will gradually 
shorten until it arrive at this point, and day and 
night over the globe will be then equal as before. 
This is called the autumnal equinox, and this sea- 
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son is a kind of medium between summer and 
winter. As the earth proceeds through the other 
quarter of its orbit, the days will still shorten 
until December 21st; when the north pole of the 
earth will be just as far in the dark hemisphere, 
as it was in the enlightened one on the 2st of 
June. This position of the earth, represented at 
the right-hand side of the cut, is called the winter 
solstice. From this period to the vernal equinox 
in March, the days gradually lengthen as the north 
pole again approaches the boundary between light 
and darkness; and when the earth arrives at that 
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point, the circle of the year and of the seasons is 
completed. From the description now given ‘it 
will evidently appear that the inhabitants of the 
southern regions of our globe have the same va- | 
riety of seasons which we enjoy, but in a reverse 
order. When it is summer in southern elimes, it, 
is winter with us; and when it is spring with us, 
it is autumn in the southern regions. sian! 
The different'signs of the zodiac through which 
the earth, or the sun, passes in the course of the 
annual revolution are depicted in their several 
characters, in the outer circle of the diagram. 
They are as follows:—beginning at the bottom, 
at September, and proceeding toward the right 
hand, Aries, Taurus, Gemini, Cancer, Leo, Virgo, 
Libra, Scorpio, Sagittarius, Capricornus, Aqua- 
rius, Pisces. These are the names of the twelve 
constellations through which the sun apparently 
passes in the course of a year. In March, the 
real place of the earth is Libra, and consequently 
the sun will appear in the opposite sign in Aries, 
and be vertical to the equator. In June, the earth 
is in Capricorn and the sun in Cancer, when he 
is vertical to those who live under the tropic of 
Cancer. In’September, the earth is in Aries and 
the sun in Libra, when he is again vertical to the 
equator. In December, the earth is in Cancer 
and the sun in Capricorn, when he is vertical to 
those living under the tropic of Capricorn; as the 
inhabitants of South Africa and the central parts 
of New Holland. ‘The explanations now given 
of the seasons would, perhaps, appear more per- 
spicuous to the astronomical tyro, were they to 
be illustrated by an orrery, a tellurion, or any 
otherinstrument calculated to elucidate the subject. 
In the northern part of the globe, where we 
reside, our summer is nearly eight days longer 
than our winter. By summer, we understand 
the time which elapses between the 21st of March 
and the 23d of September; and by winter, the 
time between the 23d of September'and the 21st 
of March; or the period between the autumnal 
and vernal equinoxes. In'‘the former icase the 
earth passes through 184 degrees of its orbit, 
which occupies 186 days, 11 hours; in the latter 
case it passes through only 176 degrees, which is 
performed in 178 days, 18 hours. The reason of 
this difference is, that the earth moves in an 
elliptical orbit, one portion of which is nearer the 
sun than another; in consequence of which the 
sun’s apparent motion is slower when in the 
northern signs than while it traverses the south- 
ern ones. ‘This orbit is more than three millions 
of miles longer in one direction than it is in an- 
other; consequently, the sun is farther from us at 
one season than he is at another... On the Ist of 


January he is three millions of miles nearer us} 


than on the Ist of July, which is ascertained from 
the difference of his apparent diameter at those 
seasons. On the Ist of January his apparent 
diameter is 32 minutes, 35 seconds, whereas, on 
the Ist of July, he is only 31 minutes, 31 seconds, 
-—being a difference of 1 minute of a degree and 
4 seconds. 

Here a question will naturally occur—Why 
have we the coldest weather when the sun is 
nearest us, and the hottest when he is farthest 
distant? This is owing to various causes; the 
principal of which is, that the sun’s rays in win- 
ter fall so obliquely upon us, and have so large a 
portion of the atmosphere to pass through, that 
they come with less force, and spread over a 
Jarger space than they do in the summer, when 
the sun is at a greater hight above the horizon. 
Beside, in the long nights of winter, we have a 
greater degree of cold than can be compensated 
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by the return of heat in the short days, by reason 
of which the cold will be increased until the days 
sensibly lengthen. ‘On the ether band the greater 
length of the day contributes to augment the 
heat in summer; for the earth and air are heated 
by the sun in the day-time more than they can be 
cooled in the night, and on this account the heat 
will go on increasing in summer, until the days 
sensibly decline. In summer, too, the sun rises 
to a high altitude, and his rays pass through a 
much less portion of the atmosphere, and are less 
refracted and weakened by it than when they fall 
more obliquely on the earth, and pass through the 
dense vapors near the horizon. Hence it is, that 
it is colder near the time of sunset, and a little 
after sunrise, than when the sun is near his me- 
ridian altitude. It is owing to these and similar 
circumstances that the hottest and coldest seasons 
of the year are not about the time of the longest 
and shortest days, but generally about a month 
after these periods. For a body once heated does 
not grow cold instantaneously, but gradually; and 
so long as more heat comes from the sun in the day | 
than is lost in the night, the heat will gradually 
increase until it comes to a certain maximum, 
when the increasing length of the night will 


| cause it to diminish. 


The subject of the seasons has been a favorite 
theme to poets as well as to philosophers; and 
they have frequently expatiated on the beauties 
and the beneficent designs connected with the 
varying aspects of the revolving year. And it 
must be admitted that, in the present constitution 
of our globe, and in the present moral state of 
the human race, there are many advantages en- 
joyed, and much of the Divine goodness is dis- 
played in every one of the seasons as they suc- 
cessively appear, which brings along with it its 
peculiar beauties, pleasures, and enjoyments. But 
the earth, with the seasons as they now “roll,” 
can scarcely be considered as an abode suited to 
an innocent creature that has retained its original 
purity and integrity;—the burning heats in sum- 
mer, which are felt in the southern climes, the 
whirlwinds, tornadoes, inundations, thunders and 
lightnings, ‘with which they are frequently ac- 
companied; and ‘the frosts and snows, storms and 
tempests, and insufferable cold which are felt in 
winter in different parts of the temperate climates, 


‘and in the polar regions—seem to be accommo- 


dated only to, beings who are involved in guilt 
and tainted with moral depravity; and, therefore, 
we have no reason to believe that the seasons, as 
they now exist, would have presented the same 
aspects, or operated in the same manner, had 
man remained in his primeval innocence and 
allegiance to his Maker. A great change seems 
to have taken place in this and other respects 
at the period of the universal deluge, when the 
“fountains of the great deep’? *were broken. up, 
the cataracts of heaven opened, and the solid 
strata of the earth scattered and disrupted: then, 
in all probability, the constitution of the atmo- 
sphere likewise underwent an extensive change 
as to its composition and properties, which is 


partly the cause of some of those storms and 


tempests and other phenomena which arise in the 
course of the revolution of the seasons. But, 
even in the present state of nature, we have 
reason to be grateful to God, that in all his dis- 
pensations toward his creatures ‘he remembers 
for us mercy in the midst of deserved judgment” 
—that while hurricanes, tempests, and earth- 
quakes sometimes produce dreadful devastations, 
and sweep away multitudes of human beings 
from the living world, “his tender mercies *? may 
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be said, on the whole, to be diffused “ over all his 

' works;” for every season of the year brings along 

with it its own peculiar enjoyments, in a thousand 

different ways; and man, even in his present con- 

dition, might be a comparatively happy being, 

were his thoughts and affections, his temper and 

actions, regulated) by the principles and precepts 

of Christianity and the moral laws of his Creator, 
The evil passions and depraved affections which 
prevail among mankind, are far more destructive | 
to human happiness than all the storms and temp-. 
ests, thunders and lightnings, earthquakes and 

volcanoes, that rage throughout the seasons and 

convulse the elements of nature. 

The present state of man on earth, in the midst 
of the circling seasons, appears to be adapted only 
to a being who has but a short time to remain in 
this terrestrial sphere; whose aim ought to be to 
aspire after a nobler scene of existence—to euter 
in the prescribed path to this happier state, by 
believing in the name of the only begotten Son of 
God, who is “the Way, the Truth, and the Life” 
-—and by cultivating, with vigilance and caution, 
those heavenly tempers and. Divine virtues. which. 
will prepare him for the employments of an im- 
mortal existence, As the engagements of life 
and religion are such as human nature does not 
always willingly perform, and is apt to postpone 
them to what it considers a more convenient sea- 
son—the vicissitudes of the seasons, and other 
arrangements in nature, have a tendency to sti- 
mulate us in the performance of present duty. 
Whatever we behold in the economy of nature 
around us, reminds us of the lapse of time and 
the flux of mortal existence. The day and night 
regularly succeed each other, and remind us that 
a certain portion of duration has fled. “The sun 
appears in the eastern horizon; he soon attains his 
meridian altitude, then declines, ahd in a few 
hours sets in the west;—the stars in their courses. 
mark the lapse of our fleeting moments;—the 
moon does the same every night, by changing its 
form; and the revolution of the seasons diversi- 
fies the year, and shows how large a portion of 
human life glides silently away. If the wheel 
of life passed on in undistinguishable uniformity, 
we should scarcely be able to mark its approaches 





to the end of the course. If one hour were uni- 
formly like another—if the diurnal motion of the | 
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sun did not show that another day is on the wing 
—if the circling seasons did not impress us with 
the flight of another year—quantities of duration, 
equal to days, months, and years, might glide 
away without being observed, and without im- 
provement. But the course of time, marked out 
byso many movements, objects and circumstances, 
continually reminds us of what progress we have 
made in gliding down the stream of life toward 
the ocean of eternity! and admonishes each of 
us by its rapidity ‘“Whatsoever thy hand findeth to 


‘do, do it with thy might,” since the day rolls on, 


and “the night cometh, when no man can work.” 
In fine, the several divisions of the seasons have 
been considered as bearing a striking analogy to 
the course‘of human existence. Spring has been 
represented as the youth of the year, the season 
of pleasing hope, blooming beauty, and lovely 
energy. Summer has been likened to perfect 
manhood, the season of confirmed strength, and 
persevering vigor. Autumn ‘has been compared 
to that period when man is mellowed by age and 
brings forth the fruits of wisdom and experience. 
And cheerless Winter has been termed the de- 
crepit and hoary old age of the year. Ifa day be 
considered as an image of a year, and the year as 
a representation of human life—then the morn- 
ing answers to spring, and the spring to child- 
hood and youth; the noon corresponds to sum- 
mer, and the summer to manhood. The evening 
is an emblem of autumn, an autumn of declining 
life; the night is an emblem of winter, in which 
the powers of vegetation are benumbed,—and 
winter points out the time when life shall cease, 
with all its hopes and joys. With such views, 
Thomson, the poet of the “ Seasons,” closes hi 
description of Winter: 








Behold, fond man ! 

See here thy pictured life: pass some few years, 
Thy flowering Spring, thy Summer’s ardent strength, 
Thy sober Autumn fading into age, 

And pale ‘concluding: Winter comes at last, 

And shuts the scene. Ah! whither now are fled 
Those d¥eams of greatness? those unsolid hopes 
Ofhappiness? those longings after fame? 

Those restless cares, those busy bustling days % 
Those gay-spent festive nights ? those veering thoughts 
Lost between good and ill that shared thy life ? 

All now are vanished! Religion sole survives, 
Immortal, never-failing friend, of man, 

His guide to happiness on high ! 


OHA PT ER. V1 1. 


REFLECTIONS, MORAL AND RELIGIOUS, 


IN REFERENCE TO THE SOLAR 


SYSTEM. 


Wrrunour entering at present on the considera- 
tion of any other topics connected with astro- 
nomical science, we shall conclude the present 
work with a few reflections, suggested by the 
subject we have endeavored to illustrate in the 
preceding pages. ¢ 

The science of astronomy presents to our view 
objects which are calculated to raise our admira- 
tion, and to excite the soul to solemn reflection, 
and elevated contemplations. When we take but 
a cursory view of the nocturnal heavens, in a 
clear and serene evening, we are almost irresisti- 
bly overpowered with emotions of wonder and 
awe, at the amazing grandeur of the vast canopy 
around us, and the number of the brilliant orbs 
which shed their radiance upon us from afar. 





But when, with the eye of the intellect, assisted 
by the’ telescope and ‘the discoveries of science, 
we endeavor to traverse the immense spaces 
above us, and to survey the number, the magni- 
tude, the distances, and the rapid motions of ‘the 
globes dispersed throughout the regions of im- 
mensity, we are completely overpowered, and 
lost in astonishment, at the extent and grandeur 
of the scene—their numbers cannot be told; their 
magnitude cannot be conceived; their distances 
are beyond human calculation and comprehen- 
sion; and the amazing velocity with which they 
fly through the regions of space is confounding 
and almost terrifying to the imagination. Mil- 
lions upon millions of those magnificent globes 
have been running their ample rounds for thou- 
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sands of years, and will, doubtless: continue 
their courses, though amidst numerous changes, 
throughout all the revolutions of eternity. ‘The 
immense forces with which they are impelled in 
their career; the magnificent circles they describe; 
the beautiful order in which they are arranged; 
the regularity and harmony of their movements; 
and the noble and important ends to which they 
are destined, proclaim, in language not to be mis- 
taken, that “the hand that made them is Divine;”’ 
and, therefore, that they ought to be studied, and 
contemplated with pious emotion, by every ra- 
tional and religious mind : 
*Come forth, O man! yon azure round survey, 
And view those lamps which yield eternal day. 
Bring forth thy glasses; clear thy wondering eyes; 
Millions beyond the former millions rise; 
Look further;—millions more blaze from yonder skies.” 
Who can look up to the midnight sky, and be- 
hold its rolling wonders, without being struck 
with astonishment at the idea of that great Being, 
who formed such vast and magnificent works? 
“Canst thou by searching find out God? canst 
thou find out the Almighty unto perfection?” 
There is a length and a breadth, a hight and a 
depth, in| the perfections of the Divinity, which 
finite intelligences will never be able fully to com- 
prehend. Vast and magnificent as the structure 
of the starry heavens is, it was produced without 
materials—it emerged out of nothing. .'The voice 
of the Eternal “spake, and it was done.” “He 
“ecommanded,’”’? and the orbs of the firmament 
started into being. ‘Let there be light: and 
there was light.’? “By the word of the Lord 
were the heavens made; and all the host of them 
by the breath of his mouth.’ Our admiration of 
such wonderful works should lead us to humble 
ourselves in his august presence, and to reverence 
and adore him as the uncreated source of all feli- 
city. ‘Let all the earth fear the Lord; let all 


the inhabitants of the world’stand in awe of him.’?’ 


But as we have not yet taken a survey of the 
starry heavens, and the wonderful scenes which 
they disclose, we shall chiefly confine*our present 
reflections to the objects connected with the 
planetary system, of which we have given a brief 
sketch in the preceding pages. 

In the first place, when we contemplate the 
grand machinery of the solar system, we are pre- 
sented with a striking display of the Almighty 
power of Him who formed it. It presents to our 
view objects of overpowering magnitude and 
grandeur—planetary globes, a thousand times 
larger than the earth; and magnificent rings, 
which would reach nearly from the earth to the 
moon, and which would enclose within their vast 
circumference four hundred worlds as large as that 
on which we dwell. It exhibits a sun more than 
twelve hundred thousand times larger than our 
earthly ball, and five hundred times larger than 
all the planets, their satellites and rings, taken to- 
gether, even although hundreds of comets were 
also included; and this sun extending its influ- 
ence to bodies a thousand millions of miles dis- 
tant, enlightening them by his beams, and retain- 
ing them in their orbits by his attractive influence. 
It presents before us motions, so astonishing as to 
overpower all our faculties—bodies, a thousand 
times larger than our globe, flying with a velocity 
of thirty thousand miles every hour, carrying 
along with them a retinue of revolving worlds, 
and continuing their rapid career, without a mo- 
ment’s intermission, for thousands of years—nay, 
motions at the rate of eight hundred thousand 
miles an hour have been perceived among some 
of the bodies connected with the solar system. 
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What a striking display do such objects present 
of the power and grandeur of Omnipotence, 50 _ 
frequently celebrated by the inspired writers 
“Great is our Lord, and of ut power: his un- 
derstanding is infinite; his greatness is unsearcha- 
ble;?? wonderful works doth He, which we can- 
not comprehend, “Who is a strong Lord like 
unto thee? Who in heaven can be compared 
unto the Lord? Who among the sons of the 
mighty can be likened unto the Lord?” We are 
sometimes apt to be dazzléd with the splendor of 
riches, and to admire, in the palaces of the great, 
the magnificence of the furniture, the beauty of 
the apartments, and the profusion of gold and sil- 
ver ornaments that appears on every side. We 
are apt to reverence mighty potentates, when 
they bear rule over multitudes of subjects, and 
exercise their sway over extensive countries. We 
judge of the greatness of men by their actions, 
when they build spacious cities, and erect splen- 
did palaces and temples; when they coustruct 
steam-engines and carriages, and impel them for- 
ward with a motion of fifty miles an hour. But, 
what are all the powers and energies of man, as dis- 
played in his noblest achievements, compared with 
the magnificence and energies displayed through- 
out the planetary system? What are a few cities, 
palaces, and temples, compared with the grandeur 
and extent of mighty worlds?’ What is a small 
corner of the earth, compared with the expansive 
range over which the sun extends his influence? 
What is the motion of a small engine, even at 
fifty miles an hour, compared with the motion of 
a globe ten thousand miles in circumference, 
flying at the rate of a hundred thousand miles an 
hour? All human art, power, and grandeur 
must hide their diminished heads in the presence 
of Him who is the former and governor of spa- 
cious worlds. As the splendor of the stars is ab- 
sorbed by the rays of the sun,so all the grandeur, 
power,.and splendor of this world and its inhabi- 
tants vanish before the presence of Him who is 
‘the King Eternal, Immortal, and Invisible,’’ and 
before whom ‘all nations are accounted as no- 
thing, and less than nothing and vanity.”” And, 
if such power is displayed in one sun, and one 
system of revolving worlds, how great beyond con- 
ception the effects of that Almighty energy which 
has brought into existence thousands and millions 
of other suns and systems, and dispersed them in 
countless numbers throughout the illimitable tracts 
of space! “Who can utter the mighty acts of the 
Lord?””—“ Great and marvelous are thy works, 
Lord God Almighty!” 

This attribute of the Almighty, so conspicu- 
ously displayed in the heavens, lays a sure foun- 
dation for the faith and hope and comfort of the 
Christian, amidst all the perplexities and afflictions 
to which he is subjected in the present state. 
For it assures him that whatever Jehovah has 
promised, ‘the is able also to perform.” The 
promises addressed to us by a wise and. benevolent 
Being can excite in us hope and dependence, only 
in so far as we are convinced of his power to se- 
cure their accomplishment. If omnipotence were 
not an attribute of the Divine Being, or were we 
unable to trace its operations in existing facts, we 
could have no rational dependence on his promises 
and declarations in regard to objects which are 
unseen and eternal, and which lie beyond the 
limits of haman comprehension. But when we 
behold, in the arrangements of this lower world, 
and in the solar system, a display of omnipotent 
energy in incessant operation, far beyond the 
grasp of our limited faculties, we plainly perceive 
that there is not a promise recorded in Divine 
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revelation, nor a future fact declared, but is with- 
in the power of Jehovah ft lly to accomplish and 
realize. ‘He doeth according to his will in the 
army of heaven, and among the inhabitants of the 
earth: and none can. stay his hand, or say unto 
him, What doest. thou ?”>, Should afflictions as- 
sail us, he is able to comfort and support. Should 
ealamities befall us, or dangers, surround us, he is 
able to deliver. 
and heart and flesh begin to faint and fail, he is 
able to transport our spirits toa nobler scene of 
existence, and to re-animate our mortal frames at 
the resurrection of the just. Happy, then, is the 
man who hath this eternal God for his refuge, 


* whose hope is in the Lord his God: which made. 


heaven and earth, the sea, and all that therein is: 
which keepeth truth forever.” For He “is able 
to do exceeding abundantly above all that we can 
ask or think,” “ according to the working of his 
mighty power, which he wrought in Christ, when 
he raised him from the dead, and set him at his 
own right hand in the heavenly place.” 

2. The arrangements of the solar systenr display 
the wisdom and benevolence of its Creator. Were 
it possible to conceive a being possessed of such 
power as the planetary system displays, but de- 
void of wisdom and goodness, such a being would 
be the most terrible object which the human mind 
could contemplate. - Power acting at random, 
without regard to the happiness of intellectual 
beings, could only produce terror and apprehen- 
sion throughout the intelligent universe, uncer- 
tain whether or not its energies might be exerted 
for the purpose of promoting misery and destruc- 
tion. But the attribute of omnipotence, when 
conjoined with infinite wisdom and boundless be- 
nevolence, conveys an idea the most glorious and 
transporting; and these perfections are conspicu- 
ously displayed throughout all the works of God. 
His wisdom is illustriously displayed in the ar- 
~ Yangements of the planetary system, in placing 
near the center of this system that immense lumi- 
nary, the sun, from whence light and heat might 
be distributed in due proportions to all the worlds 
that roll around it—in nicely proportionating the 
motions and distances of all the planets, primary 
and secondary—in uniting them in one harmo- 
nious system by one grand and universal law, 
which prevents them from flying off in wild con- 
fusion through the infinity of space—in nicely 
adjusting the projectile velocity to the sun’s at- 
tractive power, so as to produce harmony of mo- 
tion, and to prevent the planets, on the one hand, 
from rushing forward to the sun, and on the other, 
from flying off ina tangent through the regions 
of immensity—in the coustancy and regularity 
of their motions, no one interfering with another 
or deviating from the course prescribed—in the 
exactness with which they run their destined 
rounds, finishing their circuits with so much ac- 
curacy as not to deviate from their periods of 
revolution the space of a minute in a hundred 
years—in the spherical figure given to all these 
mighty orbs, and the diurnal motions impressed 
upon them, by which a due proportion of light 
‘and heat is diffused over every part of their sur- 
faces—and in the wonderful simplicity of the phy- 
sical laws, on which so much beauty, harmony, 
and order depend. In all these and many other 
respects, the planetary system presents a display 
of “the manifold wisdom of God.” 

The benevolence of the Deity is likewise mani- 
fested throughout this system, in ordering all the 
movements and arrangements of the planetary 
globes, so as to act in subserviency to the comfort 
and happiness of sentient/and intelligent beings. 
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Should death stare us in the face, 
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| For the wisdom of God is never employed in de- 


vising means without an end: and the grand end 
of all his arrangements, so, far as our views cx- 
tend, is the communication of happiness; and it 
would be inconsistent with the wisdom and other 
perfections of God not to admit that the same end 
is kept in view in every part of his dominions, 
however far removed from the sphere of our ob- 
servation. We cannot, indeed, explore the mi- 
nute displays of Divine goodness in the distant 
regions of the planetary system, but we perceive 
certain general arrangements which clearly indi- 
cate that the happiness of intellectual natures is 
one of the grand ends.of the Divine administra- 
tion. For eaample—light is essential to the com- 
fort and happiness of all. living beings. Its rays 
illumine the vast expanse of the heavens, and un- 
vail all the beauties and sublimities of creation 
around us. Without its influence the universe 
would be transformed into a desert, and happiness, 
even in the lowest degree, could scarcely be en- 
joyed by any sentient or perceptive existence. 
Now we.find, in the arrangements of the solar 
system, that ample provision has been made for 
diffusing light in all its varieties over every planet 
and satellite belonging to this system. All the 
planets revolve round their axes, in order that 
every part of their surfaces may enjoy a due pro- 
portion of the solar rays: around the more distant 
planets, an assemblage of moons has been ar- 
ranged to throw light upon their surfaces in the 
absence of the sun. And while the satellites per- 
form this office, the primary planets reflect a still 
greater quantity of light upon the surface of the 
satellites: and one of these. planets is invested 
with a-splendid double ring, of vast dimensions, 
to reflect the solar rays during night both on the 
surface of the planet and on the surface of its 
moons; all which arrangements must necessarily 
have a respect to the’ enjoyment of intellectual 
natures : otherwise they would be means without 
an end, which would be inconsistent with the 
wisdom and intelligence of the Deity. If, then, 
the happiness of various orders of intelligent be- 
ings was intended to be promoted by such adapta- 
tions and arrangements, we have here presented 
to our view a most glorious i ie Md the expan- 
sive benevolence of that almighty Being who ‘is 
good to all,’? and whose ‘*tender mercies are dif- 
fused over all his works.’? If this earth on which 
we dwell ‘is full of the goodness of the Lord;” 
if countless myriads of living beings, from man 
downward to the minutest insect, are supported 
and nourished by the Divine bounty, how wide 
and expansive must be the emanations of that be- 
neficence which extends its regards to worlds a 
thousand times more extensive and populous than 
ours! The benevolence of the Deity may be said 
to constitute his whole moral character, and to 
reflect ‘a radiance on all his other perfections. 
Hence, in the records of inspiration, the Divinity 
is summarily described by this perfection alone, 
“God is love !”? He is the uncreated source of all 
the happiness enjoyed by every rank of spiritual 
and perceptive existence; from the highest angel 
to the worm. ‘O give thanks unto the Lord; 
for he is good: for his mercy endureth forever.” 

3. The survey we have taken of the solar sys- 
tem has a tendency to moderate the pride of man 
and to promote humility. Pride is one of the dis- 
tinguishing characteristics of puny man, and has 
been one of the chief causes of all the conten- 
tions, wars, devastations, systems of slavery, and 
ambitious projects which have desolated and de- 
moralized our sinful world. Yet there is no dis- 
position more incongruous to the character and 
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 gircumstances of man. Perhaps there are no 
rational beings throughout the univetse among) 
whom pride would appear more unseemly, or in- 


compatible than in man, considering the situation | 


in which he is placed. He is exposed to numer- 
ous degradations and calamities, to the rage of 
storms and tempests, the devastations of earth- 
quakes and volcanoes, the ‘fury of whirlwinds, 
and the tempestuous billows of the ocean, to the 
ravages of the sword, famine, pestilence, and nu- 
merous diseases; and at length he must sink into 
the grave, and his body must become the compan- 
ion of worms! The most dignified and haughty 
of the sons of men are liable to these and similar 
degradations, as well as the meanest of the human 
family. Yet, in such circumstances, man—that 
puny worm of the dust, whose knowledge is so 
limited, and whose follies are so numerous and 
glaring—has the effrontery to strut in all the’ 
haughtiness of pride, and to glory in his shame. 

When other arguments and motives produce 
little effect on certain minds, no considerations. 
seem likely to have'a more powerful tendency to 
counteract this deplorable propensity in human 
beings, than those which are borrowed from the 
objects connected with astronomy. They show} 
us what an insignificant being—what a mere 
atom, indeed, man appears amidst the immensity 
of creation! Though he is an object of ‘the pa- 
ternal care and mercy of the Most High, yet he 
is but as a grain of sand to the whole earth, when 
compared to the countless myriads of beings that. 
people the amplitudes of creation. What is the 
whole of this globe on which we dwell compared 
with the solar system, which contains a mass of 
matter so many millions of times greater? What 
is it in comparison with the hundred millions of 
suns and worlds which, by the telescope, have 
been descried throughout the starry regions? 
What, then, is a kingdom, a province, or a baro- 
nial territory,,of which we are as proud as if we 
were the lords of the universe, and for which we 
engage in so much devastation and carnage ? 
What are they, when set in competition with the 
glories of the sky? Could we take our station 
on the lofty pinnacles of heaven and look on this. 
scarcely distinguishable speck of earth, we should 
be ready to exclaim with Seneca, “Is it to this 
little spot that the great designs and vast desires 
of men are confined? Is it for this there is so 
much disturbance of nations, so much carnage, 
and so many ruinous wars? Oh folly of deceived 
men, to imagine great kingdoms in the compass 
of an atom, to raise armies to decide a point of 
earth with the sword!’ Soon may the time ar- 
rive when the prophesy shall be fulfilled :— 


**The wolf shall dwell with the lamb, 

And the leopard shall lie down with the kid; 

Anil the calf and the young lion and the fatling together; 
And alittle child shall lead them, ‘ 

And the cow and the bear shall feed; 

Their young ones shall lie down together: 

And the lion shall eat straw like the ox. 

And the suckling child shall play on the hole of the asp, 
And the weaned child shall put his hand on the cockatrice? 
den, 

They shall not hurt nor destroy in all my holy iaounthie: 
For the earth shall be full of the knowledge of the Lord, 

As the waters cover the sea. ; 

And in that day there shall be a root of Jesse, 

Which shall stand for an ensign of the people; 

To it shall the Gentiles seek: 
And his rest shall be glorious.” 


Isa. xi, 6—10. 


It is unworthy the dignity of an immortal mind 
to have its affections absorbed in the vanishing 
splendors of earthly grandeur, and to feel proud 
of the paltry possessions and distinctions of this 
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To foster a He of pride and 
vain-glory in the presence of Him “who sitteth 
on the circle of the heavens,” and in the view of 
the overwhelming grandeur and immensity of his 
works, is a species of presumption and arrogance, 
of which every rational mind ought to feel 
ashamed: and, therefore, we have reason to be- 
lieve, that those multitudes of fools, “dressed’ in 
a little brief authority,” who walk in all the 
loftiness of pride, have not yet considered the 
rank they hold in the scale of universal being— 
and that a serious and profound contemplation 
of the immensity of creation would have a ten- 
dency to convince us of our ignorance and no- 
thingness, and to humble us in the dust in the 
presence of the Former and Preserver of all 
worlds. We have reason to believe that the most 


sublunary scene. 


exalted beings in the universe—those who are 


furnished with the most capacious powers, and 
who have arrived at: the greatest perfection in 
knowledge—are distinguished by a proportional 
share.of humility; for in proportion as they ad- 
vance in their surveys of the universal kingdom 
of Jehovah, the ‘more will they feel their com- 
parative ignorance, and be convinced of their 
limited faculties, and of the infinity of objects 
and operations which lie beyond their ken. At 
the same time, they will feel that all the facul- 


‘ties they possess were derived from Him who 


is the original Fountain of existence, and are 
continually dependent for their exercise on ,his 
sustaining energy. Hence we find that the an- 
gelic tribes are eminently distinguished for the 
exercise of this heavenly virtue. They “cover 
their faces with their wings,’’ in the presence of 
their Sovereign, and fly with cheerfulness at his 
command to our degraded world, “to minister to 
them who shall be heirs of salvation,” and to 
execute whatever purposes he prescribes. 

Throughout the sacred records pride is uni- 
formly represented as abhorrent in the sight of 
the Almighty, while humility is marked with his 
approbation. ‘Every one that is proud in heart 
is an abomination to the Lord.” “God resisteth 
the proud, but giveth grace unto the humble.” 
“Thus saith the high and lofty One, who inhab- 
iteth eternity, whose name is Holy: I dwell in 
the high and holy- place, with him also that is 
of an humble and contrite spirit, to revive the 
spirit of the humble, and to revive the heart of 
the contrite ones.” This is a consideration which 
deserves the serious attention of young men when 
they first set out in the pursuit of science. They 
are.apt to be puffed up with a vain conceit of 
their acquirements, when they have acquired only 
a smattering of learning, and have scarcely en- 
tered the porch of the temple of knowledge, and 
to vaunt themselves as if they were raised to a 
high elevation above the vulgar throng. Let such 
remember that even the illustrious N ewton, after 
the vast acquirements he had attained, and the 
noble discoveries he had made, when he approach- 
ed the hour of his dissolution, declared, “I do not 
know what I may appear to, the world, but. to 
myself I seem to have been only like a boy 
playing on the sea shore, and diverting myself 
with now and then finding a pebble or a prettier 
shell than ordinary, while the great ocean of 
truth lay all undiscovered before me.” 

4. ‘The subjects of astronomy to which we have 
directed the attention of the reader, afford a 
striking view of the condescension of the Divine 
Being toward man, especially in tegard to the 
redemption of our fallen world. This sentiment 
seems to have been deeply impressed upon the 
mind of the Psalmist, when contemplating the 


THE WONDERS OF REDEMPTION. 


nocturnal heavens. Viewing the resplendent orbs 
everywhere around him in the canopy of the sky 
—the moon displaying her radiance—the planets 
in their courses, and the innumerable host of 
stars—his thoughts seem to have taken a flight 
dnto the regions of immensity, and by the guid- 
ance of his rational powers, and the assistance 
of the Spirit of inspiration, he takes an expansive 
view of the multitude, the magnitude, and the 
grandeur of those magnificent globes which roll 
in the distant tracks of creation. Overwhelmed. 
with his views of the immensity of the universe, 
and of the perfections and grandeur of its Creator, 
he breaks out in the language of astonishment 
and wonder, “When I consider thy heavens, the 
work of thy fingers, the moon, and the stars 
which thou hast ordained; what is man that thou 
art mindful of him? and the son of man that thou 
visitest him?” Surveying with his intellectual 
eye the boundless extent of God’s universal em- 
pire, he shrinks as it were into nothing, and 
seems. almost afraid lest he should be forgotten or 
overlooked amidst the immensity of beings over 
which the Divine government extends. And when 
he considered himself as a guilty creature in the 
presence of the Most High, his astonishment at 
the Divine condescension and grace must have 
been increased. 

In no dispensation of the Almighty is this Di- 
vine condescension so strikingly displayed as in 
the economy of our redemption. Though count- 
less myriads of worlds‘and intelligences are under 
his superintendence, and are incessantly celebrat- 
ing his praise in the loftiest strains; and, conse- 
quently, though all the apostate inhabitants of 
our world might have been forever annihilated 
without being missed amidst the immensity of 
creation, yet, amazing to relate! the joyful an- 
nouncement was made to our rebellious race, 
God so loved the world, that he gave his only 
begotten Son, that whosoever believeth in him 
should not perish, but have everlasting life.” 
Soon after the fall of man this glorious intelli: 
gence was announced; and in every succeeding 
age God raised up a succession’ of prophets to 
announce the coming of the great Deliverer, “to 
foretell ‘the sufferings of Christ, and the glory 
that should follow.’? And when the time ap- 
pointed in the decree of Heaven arrived, the pro- 
mised Messiah was at length ushered into the 
world. A messenger from the celestial world, 
surrounded with refulgent splendor, was dispatch- 
ed to the plains ef Bethlehem, to make known 
his appearance in the world: “Behold,”’ says he, 
“T bring you good tidings of great joy, which 
shall be to all people. For unto you is born this 
day in the city of David, a Saviour, which is 
Christ the Lord.”” And immediately a multitude 
of angels, having winged their flight from their 
heavenly mansions, joined in a chorus of congra- 
tulation and praise, “Glory to God in the highest, 
and on earth peace, good-will toward men.”’ Our 
Redeemer having passed through the scene of 
his public ministry, and manifested himself to be 
“the Son of God with power,’’ by a series of 
beneficent miracles, which he performed in every 
region of the land of Judea—was ‘led as a lamb 
to the slaughter,”’ delivered up to the severest 
sufferings for our sake, and ‘became obedient 
unto death, even the death of the cross!’? And 
while he hung on the accursed tree, the most 
awful and striking miracles were exhibited to 
- surrounding spectators, in order to display the 
dignity of Him who suffered, and the importance 
of that “decease which was accomplished at Je- 
rusalem.”? The sun was clad in black, the hea- 
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vens were arrayed in sackcloth, the day was 
turned into night, and, for three hours, darkness 
covered the whole land. The rocks rent asunder, 
the foundations of the earth did quake, the vail 
of the temple was rent in twain from the top to 
the bottom, the graves were opened, and many 
hodies of the saints who slept arose, - 
This was the most wonderful event, and the 
most illustrious display of Divine love that was 
ever announced to our world. What displays of 
Divine loge and mercy may have been made to 
other worlds, and other orders of beings, we are 
not in\a situation to determine. We dare not 
affirm that, in other regions of the Divine empire, 
similar displays have not been made; for we have 
never traversed the depths of immensity to ascer- 
tain all the dispensations of the Almighty in every 
province of creation. But we may boldly affirm 
that the mission and the death of Christ were the 
most wonderful events, and the most astonishing 
displays of mercy and love, that were ever made 
to our sublunary world. As the apostle of the 
gentiles has declared, there is a hight and a 
depth, a breadth and a length in the love of God 
which is in Christ Jesus, that passeth knowledge. 
When we consider the depths of misery from 


| which it raises us, the hights of felicity to which 
it exalts us, the boundless nature of its operations, 


and the everlasting continuance of its. bless- 
ings, we have reason to exclaim, in the language 
of admiration, with the apostle John, “Behold, 
what manner of love the Father hath bestowed 
upon us that we should be called the sons, of 
God!”. **Unto him that loved us, and washed 
us from our sins in his own blood, and hath 
made us kings and priests unto God and his 
Father; to him be glory and dominion forever and 
ever!”? 

5. The studies connected with the science of’ 
the heavens have a tendency to prepare the soul’ 
that has been previously enlightened and regener- 
ated, for the employments of the future world. 
In that world the glory of the Divine perfections, 
as manifested throughout the illimitable tracks 
of creation, is one of the objects which unceas- 
ingly employ the contemplations of the: blessed; 
for they are represented in their adorations, as 
celebrating the attributes of the Deity as display- 
ed throughout the material universe: ‘ Great and 
marvelous are thy works, Lord God Almighty. 
Thou art worthy, O Lord, to receive glory and 
honor and power; for thou hast created all things, 
and for thy pleasure they are and were created.” 
Before we can enter that world and mingle with 
its inhabitants, we must acquire a relish for their 
employments and some acquaintance with the 
objects which form the subject of their sublime 
investigations; otherwise we could feel little en- 
joyment in the society of heavenly intelligences, 
and the exercises in which they engage. The 
investigations connected with astronomy, and the 
frequent contemplation of its objects, may tend 
to prepare us for such celestial employments; as 
they awaken attention to such subjects—as they 
invigorate the faculties and enlarge the capacity 
of the intellect—as they suggest sublime inqui- 
ries, and excite desires for further information 
which may afterward be gratified—as they form 
the ground-work of the progress we may after- 
ward make in that state, in our surveys of the 
Divine operations—and as they habituate the 
mind to take large and comprehensive views of 
the empire and moral government of the Al- 
mighty. 

Those who have made progress in such studies, . 
under the influence of holy dispositions, will cer-- 
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‘peace, and reconciliation. 


4 

tainly have higher and more perfect conceptions 
of the attributes of Jehovah than those. who have 
given little or no attention to them; and it is not 
perhaps an unwarrantable supposition, that by 
such employments as most familiarize us with 
the glorious works of the Creator, and lead us to 
the contemplation of his moral perfections, we 
may be the better prepared for directing the views 
and investigations of such as have enjoyed fewer 
opportunities of instruction in the present’ state. 

or, we are informed in the sacred rétords, that 
“‘they who are teachers of wisdom shall shine as 
the brightness of the firmament, and they that 
turn many to righteousness as the stars forever 
and ever:’’ plainly intimating, that those who 
have made eminent advances in Divine know- 
ledge, and ‘applied it to its proper use, shall be 
distinguished with peculiar honors. 

It is here of some importance to remark, that it 
is not merely a scientific view of the mechanical 
fabric of the universe that will prepare us for 
the employments of the celestial world, but. the 
moral principles and the holy affections with 
which we are animated in all our studies and 
contemplations. A man under the influence of 
evil principles and passions, whose mind. is actu- 
ated by pride, malignity, avarice, or revenge, is 
unqualified fora right contemplation of the works 
of God, for joining in the associations of pure 
and holy beings, and for engaging in the exalted 
services of the heavenly world. Unless the prin- 
ciples of “love to God” and “love to man” be 
engraven on our hearts, and interwoven through- 
out the whole of our mental frame, and mani- 
fested in the general tenor of our conduct, we 
can never enjoy true happiness either in the 
present state or in any other region of the uni- 
verse; and such principles and dispositions can 


never be expected to be implanted in the soul, 


and brought forth into action, unless we comply 
with the requisitions contained in the word of 
God. The foundation of future felicity must be 


laid in “repentance toward God, and faith toward 


our Lord Jesus Christ.” As sinners against the 
most high God, we stand in need of pardon, 
And “this, is’ the 
record of God, that he hath given to us eternal 
life, and this life isin his Son.” This is his 
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commandment, that we believe on the name of 
his Son Jesus Christ;—whom God hath set forth 
to be a propitiation, to declare his righteousness 
for the remission of sins.” : : 
_ This is.the first step in the path which leads to 
life eternal. And having entered on this course, 
we must be careful to bring forth “the fruits of 
righteousness,” and to “glorify God in our bodies 
and spirits which are his.” .We must “add to 
our faith virtue; and to virtue knowledge; and to 
knowledge temperance ; and to temperance pa- 
tience; and to patience godliness; and to godli- 
ness brotherly kindness; and to. brotherly kind- 
ness charity. For if these things be in us and 
abound,’’ we shall neither “be barren nor un- 
fruitful in the knowledge of our Lord Jesus 
Christ. Forso an entrance shall be ministered 
unto us abundantly into the everlasting kingdom 
of our Lord and Saviour Jesus Christ.’’ Prose- 
cuting such a course with activity and perseyer- 
ance, holding communion with the “ Father of 
our spirits,” and exhibiting a pattern of every 
Divine virtue and grace, we shall enjoy all that 
happiness which is consistent with our present 
state of. trial and imperfection, and be gradually 
prepared for being “ partakers of the inheritance 
of.the saints in light:’? where there is “ fullness of 
joy,’? and “pleasures for evermore.” . In short, 
animated by such Divine principles and affec- 
tions, we shall be fitted for holding intercourse 
with all the holy beings.that constitute the moral 
and intelligent system, or the whole family of God 
throughout the universe, in whatever regions of 
the vast creation they may reside; for the princi- 
ples and dispositions to which we have adverted 
must be common to all the pure intelligences that 
people creation, that have retained their primeval 
innocence and rectitude. When implanted in the 
heart, and interwoven through the whole of the 
mental constitution, they assimilate us to angels 
and every other class of holy intelligences, and 
qualify us for associating with the superior orders 
of intellectual natures—for entering into their 
sublime and comprehensive views—for bearing a 
part in their extensive schemes of universal be- 
neficence—and for contributing along with them 
to the order and prosperity of God’s universal and 
everlasting kingdom! 
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APPENDIX. 


I. 
NEW DISCOVERIES IN THE PLANETARY SYSTEM. 


Tse Pranet Nerrune.—The discovery of this 
planet forms a remarkable era in the: history of 
astronomy. It was ascertained to exist by calcu- 
lations founded on the principles of physical 
astronomy, and on the discrepancies which were 
found to exist between the observed and the cal- 
culated places of Uranus. It was conceived that 
probably some disturbing body existed beyond 
that planet, which had hitherto eluded the obser- 
vation of astronomers, and which produced the 
irregularities to which we allude.. The follow- 
ing is a brief sketch of the history of this dis- 
covery :— 

The Rev. Dr. Hussey, in 1834, wrote to Profes- 
sor Airy, of the Royal Observatory, Greenwich, 
that he conjectured the possibility of some dis- 
turbing body beyond Uranus, and that he had 
found that Bouvard and Hansen had been in cor- 
respondence on a similar conjecture. In 1842, 
the late distinguished astronomer, Bessel, in con- 
versation with Sir John Herschel, in reply to the 
question whether the deviations in question 
might not be due to the actions of an un- 
known planet, stated, that he thought it highly 
probable that such was the case. But, until 
September, 1845, there was not produced by any 
astronomer a research that was calculated to de- 
cide this question. It was about this time that 
Mr. J. C. Adams, fellow and assistant of St. 
John’s college, Cambridge, communicated to 
Professor Challis, of the Cambridge Observatory, 
values which he obtained for the heliocentric 
longitude, eccentricity of orbit, longitude of peri- 
helion, and mass of an assumed exterior planet, 
deduced entirely from unaccounted-for perturba- 
tions of Uranus. The same results, somewhat 
corrected, were left at the Observatory of Green- 
wich, about the end of the following October, in 
a paper containing the following statement:— 
* According to my calculations, the observed 
irregularities in the motion of Uranus may be 
accounted for, by supposing the existence of an 
exterior planet, the mass and orbit of which are 
as follows:— 


Mean distance (assumed nearly in accordance with 
Bode’s law) . . 3 . é . 30.84 
Mean sidereal motion in 36534 days. A 123 o 
Mean longitude, Ist October, 1845 +» 323° 34’ 
Longitude of perihelion ‘ « 315° 55! 
Eccentricity . ¢ . . " 0.1610 
Mass, that of the sun being unity . 0.0001656 


These were the first intimations of the new pla- 
net that were ever made public; and at, or near 
the position here assigned to it, it was afterward 
seen by Professor Challis of the Cambridge Ob- 
servatory. Had Mr. Airy attended to the above, 
as he ought to have done, Mr. Adams would have 
enjoyed the undivided merit of being the first 
discoverer of this planet; and we cannot but feel 
indignant at the apathy and neglect of the Royal 
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Astronomer, especially when we consider that 
Mr. Adams made two journeys to Greenwich to 
explain this matter, and left his papers and caleu- 
lations at the Observatory. 

In the Comptes Rendus, for June 1, 1846— 
eight months after Mr. Adams had made known 
the elements of the new planet’s orbit to the 
English astronomers—M, Le Verrier gave a me- 
moir on the theory of Uranus, in which he af- 
firmed the necessity of admitting the hypothesis 
of an exterior planet.. No elements of the orbit 
or mass were given, but its longitude, it was 
stated, should be, for the beginning of 1847, 
about 325°. He communicated his principal — 
conclusion to the astronomers of the Berlin Ob- 
servatory on September 23d, and, guided thereby, 
and comparing the observations with a star map, 
M. Galle found the planet on the same evening. 

Professor Challis, before this time, in conse- 
quence of a laborious research, had actually seen 
the planet. On July 30th, he went over a zone 
of the heavens, nine minutes broad, in such a 
manner as to include all stars up to the eleventh 
magnitude. On August 4th, he took a wider 
zone, and recorded a place of the planet. His 
next’ observations were on August 12th, when 
he met with a star of the 8th magnitude, in 
the zone which he had gone over on July 30th, 
which did not then contain this star. Of course, 
this was the planet—the place of which was 
thus recorded a second time, in four days of ob- 
serving. A comparison of the observations of 
July 30th and August 12th, would, according to 
the principle of search which he employed, have 
shown him the planet; but he did not make the 
comparison until after the detection of it at Ber- 
lin. The planet, however, was secured, and two 
positions of it recorded, siz weeks earlier than in 
any other observatory, and in a systematic search 
expressly undertaken for that purpose, so that 
Mr. Challis, though not acknowledged as the first 
discoverer, has at least the satisfaction of having 
seen and recorded the position of this new-found 
planet six weeks earlier than he who is consider- 
ed the real discoverer. 

This planet appears like a star of the 8th mag- 
nitude, and consequently may be seen with a mo- 
derate degree of magnifying power; but it will be 
difficult to distinguish it from small neighboring 
stars, unless wih very high power, when a disc 
may be perceived. Its distance from the sun is 
reckoned about 30 times that of the earth, or 
2,850,000,000, that is, two thousand eight hundred 
and fifty millions of miles, or, more than a thou- 
sand millions of miles beyond the orbit of Uranus. 
The apparent disc of this planet subtends an angle 
of something more than 3 seconds, and its diame- 
ter will consequently be nearly 50,000 miles. Of 
course, it is about 250 times larger than the Earth, 
and three times larger than Uranus; and above a 
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hundre s larger than the whole mass of the 
Earth and Moon, Venus, Mercury, Mars, Ceres, 
Pallas, Juno, and Vesta taken together. So that 
here we have a planet, which has been hid from 


the view of mortals in the profundity of space for 


thousands of years, exceeding in bulk a large 
retinue of spacious worlds; Jupiter and Saturn 
alone are its superiors. Its apparent motion when 
discovered was retrograde at 4 seconds per day. 
Its revolution round the sun is supposed to be*ac- 
complished in 190 years. : 

Mr. Lassell of Starfield, near Liverpool, stated 
that soon after its discovery, he had different views 
of it, and believes that he may confidently assert 
that itis surrounded bya Ring like that of Saturn, 
placed three diameters from the body of the pla- 
net. This discovery appears to be confirmed by 
some late observations of Professor Challis. «I 
have been able,’’ says he, with the Northumber- 
land telescope, to verify Mr. Lassell’s.suspicions of 
a Ring. I first received the impression of a ring 
on the 12th January, 1847. Two independent 
drawings, made by myself, and my assistant, 
Mr. Morgan, gave the same representations of its 
appearance and position. ‘The ring is very little 
open. Its diameter makes an angle in the south 
preceding quadrant of 66 degrees with the paral- 
lel of declination. The ratio of the diameter of 
the ring to that of the planet is by estimation that 
of 3 to.2. Tam at a loss to account for my not 
having noticed the ring earlier.” 

It also appears that Neptune is attended with at 
least one satellite, which Mr. Lassell has: several 
times seen. Ina letter dated September 20, 1847, he 
informs the editor of the Times, that “he has as- 
certained the period of this satellite to be 5 days, 
20 hours, 50 minutes, 45 seconds. The projected 
orbit is a narrow ellipse, with an axis inclined to 

about 28 degrees to the ecliptic, and with its semi- 
axis subtending about 18 seconds, so that the 
satellite is about 250,000 miles from the planet. 
This satellite is much brighter in the preceding 
than in the following half of its path. This va- 
riation seems to show that one side of the satellite 
has less light than the other.” It is likewise evi- 
dent that this satellite must be a body of very con- 
siderable size, otherwise, it could not be'visible at 
such an immense distance. It is probably much 
_ larger than any of the satellites of Jupiter or Sa- 


_ turn, and may far exceed our globe in magnitude. 


The heliocentric longitude of this planet, on the 
4th of August, 1846, was 326° 39’, and the north 
polar distance 102° 57’. 

The discovery of this far distant planet, in the 
manner in which it was effected, constitutes not 
only a new era in the progress of celestial science, 
but also evinces the perspicacity of the human 
intellect, and the certainty and uniformity of those 
physical laws by which the bodies of the plane- 
tary system are directed, and that the law of gra- 
Vitation is extensive in its influence, reaching far 
beyond what were formerly considered the boun- 
daries of our system, and probably exerting its 


energies throughout all the worlds that roll through 


the spaces of infinitude. We have here a new 
confirmation of the theory of wu sal gravitation. 
The first step in the exhibition of that law was, 
the discovery made by Newton that the earth at- 
tracts the moon. The principle was also found 
to explain the revolution of the planets round the 
sun. Beside, it was found that the movements of 
the secondary planets raund their primaries are 
owing to the same cause. The application of this 
law likewise explained certain anomalies in the 
motion of the moon and planets, which were other- 
wise difficult to account for. A great inequality 
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in the movements of Jupiter and Saturn, which 
was long unaccounted for, was at length traced to 
their reciprocal action on one another by the ope- 
ra of this law. The effects of the attraction 
of pets that could be observed, and whose 

mes were known were thereby calculated. In 
respect to the newly discovered body—the mean 
distance and position—the mass and the form of 
its orbit, were all unknown. But, by its observed 
effects, these were all so well determined as to 
guide the observer almost to the very point of the 
heavens where it was first seen. This fact stands 
almost alone in the records of astronomical sci- 
ence. ‘There has been no discovery of the same 


| kind before it in the annals of astronomy, and it 


may lead to other discoveries of a similar kind. 
We have now no reason to conclude, that we have 
as yet descried the utmost boundaries of the solar 
system, since a body of so great magnitude has 
been ascertained to exist and to prosecute its an- 
nual course around the sun, at nearly double the 
distance of Uranus. If there be another planet or 
more beyond the orbit of Neptune, the observa- 
tions of a number of years upon the movements 
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of this body may lead to a like result again, and © 


to bring to view other spacious orbs which have 
hitherto been concealed in those distant regions 
of space. It is in this way that the Creator 
crowns the exertions of human genius and the 
investigation of his works with suecess—by open- 
ing to our view a more expansive prospect of his 
boundless and eternal empire. 


THE PLANET HEBE. 


The brilliant discovery of the planet Neptune 
by Adams and Le Verrier, has been closely fol- 
lowed by that of another, which has been detected 
by M. Hencke,the discoverer of Astrea. On the 
Ist of July, 1847, at 10h. 40m., rp. m., M. Hencke, 
of Dresden, discovered a second star, not previ- 
ously marked in his map, of about the 9th de- 
gree of magnitude, in 257° 6’ right ascension, and 

© 42’ south declination. .This new planet was 
observed on the 5th July from the Observatory of 
Berlin in the meridian, and in the refracting tele- 
scope. ‘This body is considered as belonging to 
the smaller planets between Mars and Jupiter. 
This planet has been subsequently observed by 
M. Pchumege M. Encke, M. Rumker, Mr. Hind, 
Professor Challis, Dr. Peterson and Mr. Lassell. 
Mr, Hind has computed its elements as follows: 


Epoch of mean anomaly, July, 1847, Green- 
wich meantime . . . . » 283° 56! 54” 


Longitude of perihelion . . . .. 8° 17! Q4" 
Inclination , cho) es « ‘TOR 25 B5" 
Eccentricity < : . 238910 
Mean diurnal motion ' 886” 
Sidereal period . 4,004 years, 


From these statements it appears that this pla- 
net comes between Vesta and M. Hencke’s other 
planet Astrea. It has been named Hebe, follow- 
ing the nomination of the illustrious Gauss, to 
whom the office was delegated by Hencke. 


THE PLANET IRIS. 


On the night of Friday the 13th of August, 
1847, only about six weeks after the discovery of 
Hebe—Mr. Hind, the astronomer at Mr. Bishop’s 
observatory, Regent’s Park, London, discovered an 
asteroid, which he believed was a new planet be- 
longing to the group between Mars and Jupiter. 
Subsequent observations have confirmed the ac- 
curacy of that opinion, and placed beyond doubt 
this further triumph of English astronomers. 
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Mr. Hind has since favored the scientific world 
with the following particulars of this interesting 
wanderer, now, for the first time recognized as be- 
longing to our solar system.—* In addition to the 
Berlin maps,” says Mr. Hind, “ which # re 
revised, and in some instances corrected, elliptical 
charts of stars down to the 10th magnitude have 
been formed for some of the hours of Right As- 
cension, which it is Mr. Bishop’s intention to pub- 
lish as soon as they are completed. On the 13th 
of August, I compared Wolf’s map with the hea- 
vens, and was surprised to find an unmarked star 
of &9 magnitude in a position which was ex- 
amined on June 22d and July 3lst, without any 
note being made. The mere existence of a star 
in a position where before there was none visible, 
would not have been sufficient to satisfy me as to 
its nature, because during an eight months’ search, 
I have met with very many variable stars, a class 
which I believe to be far more numerous than is 
generally supposed. But, on employing the wire 
micrometer, we were enabled, in less than half an 
hour, to establish its motion, and thus to convince 
ourselves that I had been fortunate enough to dis- 
cover a new member of the planetary system. It 
may appear to many rather bold to announce the ex- 
istence of a new planet from the detection of sosmall 
an amount of motions as 2”.5 in right ascension; 
but such is the firm mounting of the large refracting 
telescope, and the perfection of the micrometers, 
(for which we have to thank Mr. Dollond), that 
a far smaller change would have been sufficient 
to convince us of the nature of the object in 
question.”? The following are all the observations 
yet made:— 


R. Ascen. of Iris. 8. Declin. 
h, m., sec. h. m. sec, 
August 13, 9 39 46 19 57 30 13° 27 217.5 
10 37 24 19 57 28 13 27 27.6 
14 9 23 58 19 56 38 13, 29° 14-8 
BS. 8 39 19 55 47 ASSL 403: 


The name Jris was fixed upon by Mr. Bishop 
as an appropriate name for this new planet. The 
symbol adopted for its designation is a semicircle 
with an interior star. Mr. Hind says, ‘This planet 
has been detected in asystematic search instituted 
expressly with the view to the discovery of such a 
body, and commenced in Noyember, 1846. The 
Berlin.maps were employed as far as they extend: 
small stars of the 9th or 10th mgenitude, not 
marked in the maps, being inserted from time to 
time, as they came under examination.”? Obser- 
vations of Jris have likewise been made by Pro- 
fessor Challis, Mr. Graham, Dr. Peterson at Altona, 
M. Rumker at Hamburg, and Professor Encke at 
Berlin. 


THE PLANET FLORA. 


Since the discovery of the planet Iris, Mr. 
Hind, at Mr. Bishop’s observatory, South Villa, 
Regent’s Park, has discovered another, within 
little more than two months after Iris was dis- 
covered. This new body was discovered on Oc- 
tober 18, 1847. A few hours’ observation proved 
it to be a new planet—the eighth of the remark- 
able group between the orbits of Mars and Jupi- 
ter. Since the epoch of discovery the brightness 
of the planet has considerably increased, and now 
equals that of astar of the eighth magnitude. At 
Mr. Bishop’s request, Sir John Herschel has 
named it “ Flora’’ with a flower (a rose) for the 
symbol. This new body has also been observed 
by Professor Challis, E. I. Cooper, Esq., Mr. Gra- 
ham, Professor Encke, Professor Schumacher, M. 
Peterson and M. Rumker. 

From the above statements it appears that three 
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new primary planets have been ‘bronghe to light 
during the year 1847, and that, too, within less 
than the space of four months, the first of them 


having been discovered on the first of July, and 
| the third on the 18th of the following October. 


It is remarkable, too, that they all belong to that , 
class of comparatively small bodies, sometimes 
called Asteroids, which move between the orbits 
of Mars and Jupiter, and are all invisible to the 
naked eye.’ Those bodies revolve nearly at the 
same distance from the sun, and the times of their 
revolutions round the sun are not much different 
from each other, and they are now found to be at 
least eight in number. There is a considerable 
degree of mystery that hangs over the facts and 
circumstances connected with these bodies, which 
prevents us from forming precise and definite 


conceptions respecting their nature and. destina- 


tion. It is generally supposed that they once 


formed the component parts of a large planet, 


which formerly revolved near the regions they 
now occupy, but, by some powerful internal force, 
had been disrupted into a number of smaller 
planets, which form the bodies which have been 
lately discovered. How many of these smaller 
bodies may exist it is now impossible to deter- 
mine, since others may still be discovered; for it 
would be as unreasonable to conclude that we 
have now discovered the whole ome as it 
would have been when only two or three of them 
were discovered. Between the beginning of 1801, 
and 1807, four of these bodies had been detected, 
but no further discovery was made in reference 
to them until December, 1845, when Astrea was. 
discovered. 

Various inquiries are suggested to the mind 
when contemplating the peculiar phenomena 
which these bodies present. If these small planets 
once formed the component parts of a large 
planet, at what period did the disruption take 
place? “Was that planet then inhabited? And 
if inhabited what was the fate of its inhabit- 
ants? Were they entirely destroyed by the awful 
catastrophe? or, did the inhabitants of the differ- 
ent fragments fly off along with that portion of 
the original planet which they occupied? Are 
these bodies still inhabited? or, are they flying 
like shattered masses, and barren deserts, through 
the voids of space? And if so, are they ever 
again to be repeopled? To such inquiries, how= 
ever, no satisfactory answers can be expected 
while we remain in the present state. On the 
other hand, if we do not admit the hypothesis of 
a large planet having been disrupted, it is very 
difficult to account for the present position, mo- 
tions, and other phenomena of these bodies, so 
very different from the harmony, proportion, and 
order, which characterize the other arrangements 
of the solar system. As already stated, they are 
nearly of the same distances from the sun, and 
perform their revolution, nearly in the same pe- 
riods; their orbits are more eccentric, and have a 
much greater degree of inclination than those of 
the other planets; and what is very singular and 


unaccountable, their orbits cross each other, so that 


there is a po ity of these planets impinging 
upon each other in the course of their revolutions. 
These circumstances seem to indicate that the 
bodies in question are not in that order and ar- 
rangement in which we should suppose an all-wise 
Creator would have placed them at their original 
creation, so that, whatever view we take of these 
anomalous bodies, there appears to us something 
inexplicable, mysterious, and incomprehensible. 
But we may rest assured that their present state, 
whatever it may be, is in full accordance with the 


| 
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Ke a, f 
wisdom, rectitude, and benevolence of the Moral 
Governor of the universe. 


RAPID PROGRESS OF ASTRONOMICAL DISCOVERY. 


Since the beginning of the 17th century, a little 
before the telescope was applied to the heavens, no 
less than thirty-one bodies, unknown before, have 
been added to our views of the Solar System. In 
the year 1608, seven bodies were known to belong 
to our system, namely, the Sun and Moon, Mer- 
cury, Venus, Mars, Jupiter, and Saturn: In 1700, 
there had been added eleven moving bodies, name- 
ly, four satellites of Jupiter, five of Saturn, the 
Barth itself, which was now fully recognized as a 
planet, and Halley’s comet, though the prediction 
had not been verified. In 1800, there had been 
added nine, namely, Uranus and its six satellites, 
with two satellites of Saturn. These were all dis- 
covered by the late Sir Wm. Herschel; and this 
celebrated observer, at his death, left the solar sys- 
tem half as large again, in number of bodies; as 
he found it. Since the beginning of the year 
1800, there have been added twelve, namely, Ves- 
ta, Juno, Ceres, Pallas, Astrea, Hebe, Iris, Flora, 
Neptune, the satellite discovered by Mr. Lassell 
as revolving round the planet Neptune, Encke’s 
comet, and Biela’s comet. 

Notwithstanding the discoveries which have 
lately been made in the planetary system, and in 
other regions of the heavens, we are not to ima- 
gine that we have yet arrived at boundaries in 
creation, beyond which we cannot pass. Only a 
few years have yet passed since the planet Saturn 
was considered as the utmost boundary of our 
planetary system, whose orbit is removed 900 mil- 
lions of miles from the sun. But now, planets 
have been discovered at double and treble this dis- 
tance, at eighteen hundred millions, and at three 
thousand millions of miles from this central lu- 
minary, and at such immense distances retained 
in their orbits, and guided by the influence of the 
attractive powers of thesun. The planet Nep- 
tune moves in an orbit five thousand seven hun- 
dred millions of miles in diameter, and about 
eighteen thousand millions of miles in cireumfer- 
ence; and were a steam carriage to move round 
this vast circle at the rate of twenty miles an 

ot it would require more than a hundred thou- 
and years before it would complete the vast cir- 
cuit. As we have no reason to conclude that we 
have not reached the utmost bounds of our sys- 
tem, it is not at all improbable that planets of a 
large size may exist far beyond the orbit of Nep- 
tune, which may yet be discovered by the perse- 
vering efforts of our astronomers, and some of 
which may never be visible to mortal eyes. It 
will now be more difficult than formerly fo make 
delineations of the orbits of the planets, when 
they are intended to be represented in the relative 
proportions of their distances from the sun, un- 
less the delineation be made on a very large seale, 
for otherwise the orbits of Mars, the Earth, Ve- 
pus, and Mercury, would appear so close to each 
other as scarcely to be distinguished. 

On the whole, what further diseoveries may yet 
be made in the celestial regions it is scarcely for 
us to anticipate. But in proportion:to the num- 
ber of those who devote themselves to celestial 
observations, and in proportion to the improve- 
ments that may be made on telescopes, and other 
instruments of observation, may we expect that 
still more brilliant discoveries will be unfolded 
to our view, It is to be hoped that American 
astronomers will, ere long, be instrumental in 
making new discoveries in the heavens, since 








* 


THE SOLAR SYSTEM. 


some of them have lately procured most powerful 
instruments of observation. It is to be hoped 
that Professor Mitchell, of Cincinnati, who has_ 
been furnished with an observatory, and an ex~- 
cellent instrument of observation, will soon com- 
ply with the requisition of Strive, and measure 
all ‘the double and multiple stars south of the 
equator. It is also confidently expected, that Mr. 
Bond of Cambridge, Massachusetts, will follow 
up his discovery of analyzing the great nebula 
of Orion by similar discoveries in the nebulous 
regions of the heavens. The great Cambridge 
achromatic telescope is an instrument which does 
honor to the Harvard University, and to the Uni- 
ted States. From what it has already performed, 
it appears scarcely inferior to the monster tele- 
scope of the Harl of Rosse, 54 feet in length, and 
6 feet in diameter. 


II. 


BRIEF SKETCH OF THE HISTORY OF ASTRO- 
NOMY. 


Astronomy. was undoubtedly one of the earliest 
of the sciences cultivated by the human race. 
Some of its facts and first principles must have 
been known from the beginning of the world. For 
when the shades of night have opened to view the 
azure firmament, diversified with a multitude of 
shining orbs—the moon walking in brightness— 
the planets moving in their courses—and the host 
of stars. displaying their diversified radiance— 
such a scene must have attracted the attention of 
every spectator, and led him to observe their ap- 
parent motions, and to inquire into their order 
and arrangement, and their use in measuring the 
exact length and proportions of days, and months, 
and years. Hence our English poet, Milton, very 
properly represents our first progenitors, Adam 
and Eve, celebrating the praises of their Maker, 
after taking a survey of the nocturnal heavens. 
Adam. ‘These are thy glorious works, Parent of Good, 

Almighty! thine this oniversal frame, 

Thus wondrous fair; thyself how wondrous then! 
Eve, Unspeakable! who sittest above these heavens | 

To us invisible or dimly seen. 

In these thy lowest works; yet these declare 

Thy goodness beyond thought, and power divine,” 

Hence we find that Josephus, in his book of the 
“ Antiquities of the Jews,’’ relates that «Seth and 
his descendants were persons of happy tempers, 
and lived in peace, employing themselves in the 
study of astronomy, and in other researches after 
useful knowledge.”? He also remarks that, “God 
indulged the antediluvians with a long life, that 
they might bring astronomy.and geometry to per- 
fection.” And the long lives of men, at that pe- 
riod, when many reached the age of eight or nine 
hundred years, had a tendency to improve the 
science of astronomy; since the same individual 
might observe the planet Saturn go through more 
than thirty revolutions. We have, therefore, rea- 
son to conclude that many of the antediluvians 
were intelligent astronomers: but ‘their observa- 
tions, if they were ever recorded, must have 
perished in the general deluge, unless Noah, who 
was a wise and good man, had secured some of 
the most valuable of them in the ark, and trans- 
mitted tke results to his posterity. 

After the deluge, the nations most noted for 
the cultivation of the science of the heavens were 
the Chaldeans, the Egyptians, and the Chinese. 
It is remarked by Josephus that Abraham was a 
most attentive observer of the stars; that he was 
aperson of great sagacity, both for understanding 
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all things, and persuading his hearers, and that 


7 he first brought astronomy from Chaldea into 


Egypt. oN. ra 

’ The Egyptians appear to have made some pro- 
gress in astronomy, at as early a period as the 
Chaldeans. Their Pyramids, the most ancient 
monuments in the world, prove their skill in prac- 
tical astronomy, as they are all situated in such a 
manner, that their several sides front very exactly 
the four cardinal points, east, west; north, and 
south. The system adopted by the Egyptians 
was the following: they conceived that the planets 
Mercury and Venus revolved like satellites, around 
the sun, their orbits being carried along with him 
in his revolution round the earth. They sup- 
posed the earth immovable as the center of the 
system, and the other. celestial bodies to turn 
around the same center; first the moon, then the 
sun, about which they supposed Mercury and 
Venus to revolve, next the planet Mars, then Ju- 
piter, next to Jupiter Saturn, and lastly the sphere 
of the fixed stars. The Chinese pretend that their 
nation studied astronomy soon after the flood, and 
date their astronomical knowledge from Fohi, the 
first of their kings; supposed by some to have been 
Noah, as it is uiderstood that he journeyed with his 
children in the direction of China, about the time 
of the building of the tower of Babel. 

Among the Greeks, astronomy was cultivated 
by Thales, the Milesian, Anaxagoras, Anaximan- 
der, Pythagoras, Aristarchus and others. Pytha- 
goras, who flourished about five hundred years 
before the Christian era, taught that the sun was 
in the center of the universe; that the earth is 
globular, and moves round the sun; that Venus 
is the morning, as well as the evening star; ‘that 
the moon reflects the sun’s rays, and is inhabited; 
that the stars are worlds, and that comets are 
wandering stars. This is nearly the system which 
was restored by Copernicus, in the fifteenth cen- 
tury. 

Hipparchus, born at Nice, in Bithynia, appears 
to have made considerable advances in the culti- 
vation of every branch of astronomy. He flour- 
ished about one hundred and forty years before 
Christ. He was among the first astronomers on 
record who attempted to number the stars, and to 
determine their exact positions. He was first in- 
duced to commence this labor in consequence of 
the appearance of a new star, in order that suc- 
ceeding astronomers might learn whether any 
changes take place in the heavens. 

Ptolemy, a native of Pelusium, in Kgypt, born 
in the year 69,is the most ancient astronomer 
whose works have been handed down to our 
times. His Almagest, or the great composition, 
is that to which we are indebted, not only for his 
own observations, but for almost all that remains 
of Hipparchus, Aristillus, Timocharis, and the 
ancient Babylonians... According to the system 
of Ptolemy, the earth is immovable in the center 
of the universe, and the planets move round it in 
the following order: first the moon, then Mercury 
and Venus; next to Venus the sun; then Mars, 
Jupiter, and Saturn, in the order here stated; and 
above all these, the firmament of the fixed stars, 
all which were conceived as revolving around the 
earth every twenty-four hours. He supposed 
that the planets moved round the earth, each ina 
vast solid transparent globe, having the planet at- 
tached to its surface; and as these transparent 
spheres did not account for all the motions and 
apparent irregularities of the heavenly bodies, he 
contrived other and still more complicated ma- 
chinery, such as cycles, epicycles, deferents, etc., 
in order, if possible, to solve appearances. This 
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system, notwithstanding its absurdity, and its con- 
trariety to the appearances of the universe, con- 
tinued in vogue, even among the learned, for the 
space of more than one thousand four hundred 
years, or until the middle of the fifteenth century. 
During this period, a few individuals appeared 
who cultivated astronomy, such’ as Almansor, 
Almanon.and others among the Arabians; Ulugh 
Beigh, a prince of Tartary; Alhazen,an Arab in 
Spain; Alphonso X, king of Castile; Roger Ba- 
con, and several others; but they all adopted the 
absurd hypothesis of Ptolemy. 

About the beginning of the sixteenth century, 
Copernicus, a bold and original genius, began to 
be distinguished for his attainments in astronomy. 
Perceiving that the clumsy and unnatural system 
of Ptolemy could never account for the motions 
and appearances of the celestial orbs, he adopted 
the Pythagorean system, which had been broached 
five hundred years before Christ, and wrote a pro- 
found treatise in confirmation of it, entitled, “ As- 
tronomy Restored; or, The revolutions of the Ce- 
lestial Orbs.”” With a bold and daring hand, he 
dashed the crystalline orbs of Ptolemy into pieces, 
swept away his cycles, epicycles, and deferents, 
placed the sun in the center of the system, re- 
moved the earth from its quiescent state, and set it 
in motion through the regions of the firmament, 
in company with the other planetary orbs. This 
system was at first violently oppossllBoth by the 
vulgar, the dignitaries of the Romish church, and 
pretended philosophers, as contrary both to sense, 
reason and Scripture, and many of its abettors 
were subjected to violent persecutions. But it is 
now universally received by all men of learning, 
and by every one who has investigated the mo- 
tions and other phenomena of the heavens. It 
has opened to our view the harmony and order of 
the plunetary system, the wisdom and intelli- 
gence of its great Author, and laid the foundati 
of all the discoveries which have subsequently 
been made in this science. It was afterward ably 
supported by the writings and observations of 
Galileo, Kepler, Gassendi, Hevelius, Huygens, 
Cassini, and other celebrated astronomers, by 
whom its principles have been established on a 
foundation stable and permanent as the laws of 
the universe. 

About sixty or seventy years after the publica- 
tion of this system, the invention of the telescope, 
aud the discoveries. made with this instrament by 
Galileo, tended to confirm its principles, and to 
expand our views of the sublimity, the variety, 
and multitude of the objects which the universe 
displays. This illustrious astronomer first dis- 
covered, by his telescope, the satellites of Jupiter, 
the phases of Venus, the spots of the sun,and the 
rotation of this globe round its axis, the moun- 
tains and vales in the moon, the stars in the Milky 
Way; and an extraordinary phenomenon, which 
he imagined to be two small globes, connected 
with the planet Saturn. These discoveries were 
made about the year 1610, soon after the telescope 
was invented, About forty-eight years afterward, 
Huygens, a celebrated mathematician and astrono- 
mer, in Holland, with telescopes of a much larger 
size than those of Galileo, discovered that the phe- 
nomenon connected with Saturn was, in reality, an 
immense ring surrounding that planet, and thirty 
thousand miles distant from every part of it. .He, 
at the same time, discovered the fourth satellite 
of Saturn; and in theseand other observations he 
used telescopes of his own construction of twelve, 
twenty-three, and even one hundred and twenty 
feet inlength. Some time afterward, Cassini, a 
French astronomer, discovered the first, second, 
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third, and fifth satellites of Saturn, and the periods 


of the rotation of Mars and Venus. _, : 


About the périod to which we now allude, 
flourished the illustrious Sir Isaac Newton, who 
laid the foundation of physical astronomy. About 


the year 1666, when in.the twenty-fourth year of 


his age, he retired from Cambridge into the coun- 
try on account of the plague, and sitting one day 
in an orchard, under a tree, an apple happening 


to fall upon his head, led him into a number of 
reflections. 


oceurred to him, that as this power is not sensi- 
bly diminished in any distance to which we can 
recede from the earth’s center, there seemed rea- 
son to conclude that it extended much farther 
than it was generally supposed, and even might 
extend as far as the moon; and if this were true, 
he concluded that her motion would be influenced 
by it, and that probably it was this very force 
ch retained her in her orbit. Following out 
these sublime conceptions, he began the compo- 
sition of his immortal work, the “ Principia,” 
which was published in 1687, in Latin, under the 
title of “ Mathematical Principles of Natural Phi- 
losophy.’’ He also invented a reflecting tele- 
scope, which bears his name. 
Contemporary with Newton were Dr. Hooke, 
Flamstead, Halley, Bradley, Roemer, Richer, Pi- 


card, Maraldi, and others, whose labors: greatly. 


contributed to the improvement of astronomy. 
Flamstead was the first astronomer royal in the 
Observatory at Greenwich, and, for nearly half a 
century, was assiduous in his observations of the 
heavenly bodies. He formed a catalogue of more 
than three thousand stars, with their right ascen- 
sions, longitudes, solar distances, and apparent 
magnitudes. Roemer, a Danish astronomer, was 
the first who discovered the progressive motion of 
light. By comparing the eclipses of the first 
llite of Jupiter with the times of their immer- 
sions and emersions given by the tables of Cassini, 
he found that the error of the tables depended on 
the distance between Jupiter and the earth, and 
hence he concluded that the motion of light was 
not instantaneous, and that it moved across the 
diameter of the earth’s orbit in about sixteen 
minutes, or at the rate of 192,000 miles in a se- 
cond. 
Few discoveries were made in the heavens from 
‘the beginning of the eighteenth century until 
the period when Sir W. Herschel applied his large 
telescopes to the spaces of the firmament. His 
discoveries have greatly extended our views both 
of the planetary system, and of the sidereal hea- 
vens. On the 13th March, 1781, he discovered 
a new planet beyond the orbit of Saturn, to which 
he gave the name of Georgium Sidus; but it is 
now generally distinguished by the name of Ura- 
nus. On the llth January, 1787, he discovered 
the second and fourth satellites which move round 
this planet; in 1790 and 1794, he discovered four 
other satellites revolving round the same body. 
In 1789 he discovered the sixth and seventh sat- 
ellites of Saturn; he also determined the rotation 
and figure of this planet—discoyered that it had 
a double ring, and was marked with several belts 
Sen to its equator. His son, Sir J. Herschel, 
as also distinguished himself by his unwearied 
observations on the heavens. In conjunction 
with Sir J. South, he produced a catalogue of 
380 double stars, whose distances and angles of 
position they had determined with the utmost 
precision. Sir J. Herschel afterward produced a 
list of upward of 3300 double and triple ‘stars, 
from his own solitary observations, accompanied 








Reflecting on the power by which 
all terrestrial bodies gravitate toward the earth, it 


‘inclination of its orbit. 
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with all the micrometrical measurements; and 


Cape of Good Hope for the purpose of making 
observations in the southern region of the hea- 
vens, and made some interesting discoveries. On 
the Ist of January, 1801, M. Piazzi, a Sicilian 
astronomer, discovered a small planet between 
the orbits of Mars and J upiter, which has been 
named Ceres. On the 28th March, 1802, Dr. 
Olbers, of Bremen, discovered another planet, 
near, the same region, which is named Pallas. 
On the Ist September, 1804, Mr. Harding, of 
Lilienthal, discovered another, which is named 
Juno, distinguished for the great eccentricity and 
On the 26th March, 
1807, Dr. Olbers discovered a fourth planet, which 
he named Vesta. The latest discovery of this 
kind we have to record was made by Mr. Hencke, 
of Driesen, on the 8th December, 1845, when he 
discovered another planet somewhat similar to the 
four now mentioned, which is nearly at the same 
distance from the sun, and accomplishes its revo- 
lution in nearly the same period as the others. 
This planet has been named Astrea. 

In the present day there are many distinguish- 
ed cultivators of astronomical science, from whose 
observations and researches new discoveries may 
be expected.. The names, of South, Herschel, 
Airy, Smyth, Robinson, the Earl of Rosse, Schu- 


-macher, Strive, Harding, Bessel, Arago, and a 


multitude of others, are well known as distin- 
guished cultivators of the science of the heavens. 
It is to be hoped that the Earl of Rosse, by means 
of the large and splendid telescope he has lately 
erected, will be enabled to make new discoveries, 
and to enlarge our views of the grandeur of the 
sidereal heavens. He has already analyzed some 
of the nebule, and shown them to consist of im- 
mense clusters of stars which could not be per- 
ceived by any. former telescopes; and this, we 
would hope, is only a prelude to still more sub- 
lime discoveries. What further advances astro- 
nomy may yet make, we dare not venture to an- 
ticipate. The number of individuals who devote 
themselves to this study is gradually increasing; 
its instruments of observation are rapidly im- 


}proving; and we can scarcely set boundaries to 


the discoveries that may yet be made. In future 
ages, man, by the improvements in optical and 
other instruments, may be able to penetrate much 
farther into the distant regions of the universe 
than he has hitherto done, and may descry myr- 
iads of objects which have hithetto remained in- 
visible in the unexplored regions of immensity. 
And after all the discoveries which mortals can 
bring to view from this terrestrial sphere, the 
greater part of the works of the Almighty will 
still remain to be explored throughout the ages 
of eternity. 


II. 


EXPLANATION OF ASTRONOMICAL TERMS. 


Aberration, an apparent change of place in 
the fixed stars, which arises from the motion of 
the earth combined with the motion of light. 

Achernar, a fixed star of the first magnitude, 
in the constellation Eridanus, r. a. 1 hour, 31 
minutes.—Dec. 58 degrees, 1614 minutes. 

Achronical rising or setting of a planet, or star, 


|is when it rises at sunset, or sets at sunrise. 


Aldebaran, a fixed star of the first magnitude 
in the head of the constellation Taurus; some- 
times called the Bulls eye. 


about ten or twelve years ago, he went to the — 


* 
. 


oh, ‘ 


* 


Aerolites, or air-stones, are semi-metallic sub- 
stances which are found to fall from the atmo- 
sphere in different countries. Some philosophers 
have imagined that they are the fragments of a pla- 
net that had been burst asunder. 

- Algol, a star in Medusa’s head which varies 
from the second to the fourth magnitude. 

Alioth, a fixed star in the tail of the Great Bear. 

Almicanters, imaginary circles, which are sup- 
posed to be drawn parallel to the horizon, and to 
pass through every degree of the meridian, to 
show the altitude of a celestial object above the 
horizon. 

Altitude, the hight of the sun, moon, or stars 
above the horizon, reckoned in degrees and! min- 
utes, on a vertical circle. 

Amphiscii, a name given to the inhabitants of 
the torrid zone, on account of their shadows fall- 
ing at one time of the year toward the south, and 
at another time toward the north. 

Amplitude, an arc of the horizon, contained be- 
tween the east or west point of the heavens, and 
the center of the sun ora star at the time of its 
rising or setting. 

Anomaly (the true), the distance of a planet 
in signs, degrees, etc., from that point of its orbit 
which js farthest from the sun. The mean ano- 
maly is, that which would take place if the planet 
moved uniformly in the circumference of a circle. 

Antéeci, a name given to those inhabitants of 
the earth, who live under the same meridian, and 
at equal distances from the equator, but on oppo- 
site sides of it. 

Antipodes, those inhabitants of the earth who 
live diametrically opposite to each other, or walk 
feet to feet, on opposite sides of the globe. 

Aphelion, that point in the orbit of a planet in 
which it is at its greatest distance from the sun. 

Apogee, that point in which the sun, or a planet, 
is farthest distant from the earth. 

Apsides, the two most remote points of a plan- 
et’s orbit, otherwise termed its aphelion and peri- 
helion. A line joining those points is, the line 
of the apsides. 

Armillary sphere, an instrument composed of 
the principal circles which are drawn on an artifi- 
cial globe. 

Ascii, the inhabitants of the torrid zone; so 
called because the sun being twice a year in their 
zenith, their bodies at those times cast no shadow. 

Axis of the earth, or of a planet; an imaginary 
line passing through the center from one pole to 
another, round which they perform their diurnal 
rotation. 

Azimuths, great circles which pass through the 
zenith and nadir perpendicular to the horizon. 
The azimuth of a celestial body is an arc of the 
horizon contained between the east and west 
points, and a vertical circle passing through the 
center of that object. 


Belts, zones surrounding the body of Jupiter 
and Saturn. 

Bissextile (or Leap Year), which happens 
every fourth year, contains 366 days; one day 
being added to the month of February. 


Cardinal points of the compass; the east, west, 
north and south points. ° 

Cardinal points of the ecliptic; the first points 
of the signs, Aries, Cancer, Libra, and Capricorn. 

Centrifugal force, that force by which any re- 
volving body endeavors to fly off from the center 
of motion ina tangent to the circle it describes. 

Centripetal force, the tendency which a body 
has to the center of its revolution. 
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Comets, erratic bodies belonging to our system, 
which move round the sun in very eccentric or- 
bits, distinguished by their fiery tails and nebu- 
lous aspects. 

Colures, two imaginary circles or meridians, 
one of which passes through the solstitial points 
Cancer and Capricorn, and the other through the 
equinoctial points Aries and Libra. 

Conjunction, is when two or more stars, or 
planets, are in the same part of the ‘heavens. 

Constellation, an assemblage of stars. 

Cosmical. rising or setting of a planet, or star, 
is when it rises with the sun in the morning, or 
sets with him in the evening. 

Crystalline heavens, two solid orbs by means of 
which the ancients attempted to account for the 
apparent motions of the fixed stars. 

Cusps, the points or horns of the moon, or of 


.a planet. 


Cycle of the moon, a revolution of nineteen 
years, in which time the conjunction and lunar 
aspects are nearly‘the same as they were nineteen 
years before. , 


Day (astronomical), the time between two suc- 
cessive transits of the sun’s center over the same 


‘meridian, which always begins and ends at noon. 


Day (sidereal), the time which elapses during 
the rotation of the earth from one star until it re- 
turns to the same star again, and consists of 23 
hours, 56 minutes, 4 seconds. 

Declination is the distance of any celestial ob- 
ject north or south from the equator, reckoned in 
degrees, minutes, etc., upon a circle which is per- 
pendicular to it. 

Degree, the 360th part of a circle, or the 30th 
part of a sign. 

Disc of the sun, or moon, is its round face, 


which, on account of the great distance of the 
object, appears flat. 
Digit, the 12th part of the sun’s diameter, whic 


is used in the calculation of eclipses. 
Diurnal motion of the earth, its rotation on its 
axis. 


Eccentricity, the distance between the center 
of a planet’s orbit, and the focus round which it 
revolves, 

Eclipse, a deprivation of the light of the sun, 
by the interposition of the moon; or of the light 
of the moon, by the interposition of the earth. 

Ecliptic, a great circle in the heavens through 
which the sun apparently makes its annual revo- 
lution; but which is in reality the earth’s path 
round thesun. It makes an angle with the equa- 
tor of 23 degrees, 28 minutes, 

Elongation, the annular distance of a planet from 
the sun, as it appears from the earth. Itis applied 
only to the inferior planets, Mercury and Venus. 

Emersion, the re-appearance of a‘celestial body 
after having been eclipsed. 

Equation of time, the difference between real 
and apparent time, or between that shown bya 
true clock and a sun-dial. It depends on the ob- 
liquity of the ecliptic, combined with the unequal 
motion of the earth in its orbit. 

Equator, or a great circle of the earth which 
separates the northern from the southern hemi- 
sphere. When referred to the heavens, it is called 
the Equinoctial. 

Equinoxzes, two opposite points in Aries and 
Libra, where the ecliptic cuts the equinoctial. 
When the sun is in these points the days and 
nights are equal to each other. 


Foci of an ellipse, two points in the longest, or 


92 
transverse axis, on each side of the center; from 
each of which if any two lines be drawn to meet 
each other in the circumference, their sum will 
be equal to the transverse axis. 


© Galaxy, or the Milky Way, a luminous and ir- 

regular zone which encompasses the heavens, 
which is found to be composed of an immense 
number of stars. 

Geocentric place of a planet, is that position 
which it has when seén from the earth. 

Gibbous, a term used in reference to the enlight- 
ened part of the moon, from the first quarter to 
the full, and from the full to the third quarter. 

Gravity or Gravitation, that force by which all 
masses of matter tend toward each other. 


Halo, a luminous circle round the body of the 
sun, or moon. 

ee rising of a star, is when it emerges 
from the sun’s rays, and appears above the hori- 
zon before him in the morning. 

Heliacal setting of a star, is when it is so hid 
in the sun’s beams as not to be seen above the 
horizon after him in the evening. 

Heliocentric place of a planet, is:‘that in which 
it would appear to a spectator placed in the sun. 

Hemisphere, the half of a globe or sphere. 

Heteroscii, a name given to the inhabitants of 
the temperate zones, because their shadows at 
noon always fall one way. 

Horizon (the sensible), a circle which separates 
the visible from the invisible hemisphere, and 
forms the boundary of our sight. 

Horizon (the rational), a great circle which is 
parallel to the former, and whose poles are the 
zenith and the nadir. 

Hour circles, the same as meridians—marking 


the hours. 


© Immersion, the moment when an eclipse begins, 
or when a planet enters into the shadow of the 
body that eclipses it. 

Inclination, the angle which the orbit of one 
planet makes with that of another, or with the 
plane of the ecliptic. 

Inferior planets, those that move at a Jess dis- 
tance from the sun than the earth, which are Mer- 
cury and Venus. 


» Latitude of a place, its distance from the equa- 
tor, reckoned in degrees and minutes upon the are 
of a great circle. 

Latitude of a star, or planet, is its distance from 
the ecliptic, reckoned in degrees, etc,, on the are 
of a great circle. 

Lesser Circles of the sphere, those whose planes 
do not pass through the center, and which divide 
the sphere into two unequal parts. Greut circles, 
as, the equator, meridians, etc., divide the sphere 
into two equal parts. 

Libration of the moon, an apparent irregularity 
in her motion on her axis, by which we some- 
times see more than the usual half of her disc. 

Longitude of a place, its distance east or west 
from the first meridian, reckoned in degrees, etc., 
upon the equator. 

Longitude of a star or planet, its distance from 
the first point of Aries, reckoned in degrees, etc., 
upon the ecliptic. 

Lunation, the time between one new moon and 
another; which is, on un average, 29 days, 12 
hours, 44 minutes, 3 seconds, 


Macule, dark spots which appear on the: face 
of the sun; and Facule are bright spots some- 
times seen on the solar disc. 


THE SOLAR SYSTEM. 
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Magellanic clouds, certain wh-tish appearances 


in the heavens, in the southern hemisphere, sup- 


posed to consist either of an immense number of 
stars, or nebule. ; ; ; 
Magnitudes, the stars are divided into six classes; 
the brightest are called stars of the first magni- 
tude; the next in brightness, the second magni- 
tude, etc. any 
Mean motion of a planet, that which would take 
place if it moved in a perfect circle, and equally 
every day. ; 
Meridian, a great circle of the sphere which 
passes through the zenith and the poles, and per- 
pendicular to the horizon. : 
Micrometer, an instrument fitted to a telescope 
to measure very small angles; as the diameters of 
the planets, ete. 


Nadir, that point in the heavens directly oppo- 
site 10 the zenith, or immediately under our feet. 

Nebule, luminous spots in the heavens, or clus- 
ters of small stars, discovered by the telescope. 

Nocturnal arc, that space of the heavens which 
the sun apparently describes from the time of his 
setting to his rising. 

Nodes, two points when the orbit of the moon, 
or of a planet, intersects the plane of the ecliptic. 

Nucleus, a term used to denote the head of a 
comet. 


Oblique ascension, an arc of the equinoctial con- 
tained between the first degree of Aries, and that 
point of it which rises with the center of the sun 
or star. 

Oblique sphere, that position of the globe in 
which either of the poles is elevated above the 
horizon any number of degrees less than ninety. 

Occultation is when a star, or planet, is hid from 
our sight by the interposition of the moon or some 
other planet. 

Opposition, an aspect of the stars or planets 
when ‘they are 180 degrees distant from each 
other, marked thus 9 

Orbit, the curve which a planet describes in its 
revolution round the sun. 


Parallax, the difference of the place of any 
celestial object, as seen from the surface of the 
earth, and from its center. 

Parallax of the earth’s annual orbit, the angle at 
any planet subtended by the distance between the 
earth and the'sun. 

Parallels of latitude, small circles of the sphere 


which are drawn parallel to the equator. 


Penumbra, a faint shadow observed between the 
perfect shadow and the full light in an eclipse. 

Perigee, that point of the solar and lunar orbit 
which is nearest the earth. 

Perihelion, that point of the orbit of a planet 
nearest the sun. 

Periscii, the inhabitants of the frigid zones, be- 
cause their shadows go around them for six 
months, or fall toward opposite points of the 
compass. 

Phases, the different appearances of the illumi- 
nated parts of the moon, or planets. 

Phenomenon, any extraordinary appearance in 
the heavens; as a comet, etc. 

Planetarium, an astronomical machine for 
showing the motions and other phenomena of the 
planets. ; 

Pleiades, or the seven stars, an assemblage of 
stars in the constellation of Taurus. 

Polar circles, two small circles, 23 degrees and 
a half from the poles; the arctic in the north and 
the antarctic in the south. 
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Pole star, a star of the second magnitude in the 
tail of the Little Bear; so called, because it is 
near the north pole. 

Precession of the equinoxes, a slow motion of the 
two points where the equator intersects the eclip- 
tic, which go backward about 50 seconds in a year. 


Quadrant, the fourth part of a circle; or an in- 
strument for measuring angles, and taking the 
altitudes of the sun and other heavenly bodies. 

Quadrature, the position of the moon when 
distant 90 degrees from the sun; as in the first 
and third quarters. — 


Refraction, the bending of the rays of light in 
posite through the atmosphere, by which the 

eavenly bodies appear more elevated than they 
really are. 

Retrograde, an apparent motion of the planets, 
in some parts of their orbits, when they seem to 
go backward, or contrary to the order of the signs. 

Right ascension is that degree of the equator 
which comes to the meridian with the sun, moon, 
or star, reckoning from the first point of Aries. 

Rotation, the motion of any heavenly body 
round its axis. 


Satellites, secondary planets or moons, which 
revolve round the primary planets. 

Sextile, an aspect of the heavenly bodies, when 
they are 60 degrees distant from each other. 

Sidereal, of or belonging to the stars. 

Solstitial points, the first degree of Cancer and 
Capricorn at which the ecliptic touches the tropics. 

Selenography, a representation of the moon, 
with a description of her different spots and 
appearances. 

Sign, the twelfth part of the ecliptic, or 30 
degrees. 

Sphere, the concavity of the heavens in which 
the stars appear. v 

Superior planets, those which move at a farther 
distance from the sun than the earth; as Mars, 
Jupiter, etc. 

System, a number of bodies revolving round a 
common center, as the planets round the sun. 

Syzigy, a term usually applied to the moon, 
when in opposition, or in conjunction, or when at 
the new or full. 


Telescope, an optical instrument for the pur- 
pose of viewing distant objects, particularly the 
sun, moon, planets, and stars. ‘Telescopes pro- 
duce their effects either by refraction through 
glasses, or reflection from speculums. 

Telescopic stars, those stars which are only vi- 
sible by means of Telescopes. All stars beyond 
those of the sixth magnitude are reckoned tele- 
scopic stars. ; 

Torrid zone, that part of the earth which is 
contained between the two tropics. 

Trajectory, a term applied to the orbit of a 
comet. 

Transit of a planet denotes its passing over 
another planet, or star, or across the disc of the sun. 

Trine, an aspect of the planets when they are 
120 degrees distant from each other. 

Tropics, two circles parallel to the equator, and 
23 degrees 28 minutes distant on each side of it. 
They are named Cancer on the north, and Capri- 
corn on the south. 


Vector Radius, a line supposed to be drawn 
from any planet to the sun, which, moving with 
the planet, describes equal areas in equal times. 


Vertical circles, the same as azimuth circles, or 
such as are drawn perpendicular to the horizon. 
Prime vertical, is that azimuth circle which 


passes through the east and west points of the 
horizon. 


Year (the solar), the time which the sun takes 
to pass from one tropic until it returns to the 
same again, and is 365 days, 5 hours, 48 minutes, 
49 seconds. 

Year (sidereal), the time which the sun takes 
to pass from any fixed star to the same again, 
and is 365 days, 6 hours, 9 minutes, 9 seconds, 


Zenith, that point of the heavens immediately 
over head. 

Zodiac, a zone surrounding the heavens, 18 
degrees broad, in the middle of which is the 
ecliptic. The orbits of all the old planets are in- 
cluded in this zone. a 

Zodiacal light, a brightness sometimes obsllived 
in the heavens, somewhat similar to the Milky 
Way. 

Zone, a division. of the sphere between two 
parallels of latitude. There are five zones; one 
torrid, two temperate, and two frigid. 


IV. 


THE TELESCOPE. 


As those who have acquired a taste for celes- 
tial observations, may wish to know something 
respecting the telescope, we subjoin the following 
very brief description. 

There are two kinds of telescopes generally 
distinguished,—the refracting and the reflecting 
telescope, the former composed of lenses, or con- 
vex glasses, and the latter of speculums or mirrors 
combined with lenses. A common refracting 
telescope, for viewing some of the celestial bodies, 
may be constructed as follows:—Procure a convex 
glass, whose focal distance is about three feet. 
This may be known by holding the glass in the 
sun’s rays, and measuring the distance between 
the glass and the place where the solar rays are 
condensed into a small spot. Place this lens at 
the end of a tube about three feet two inches 
long, in which there is a small sliding tube for 
fixing the eye-glass, and adjusting the focus for 
distinct vision. At the distance of three feet one 
inch, place a convex glass one inch focal distance. 
The object-glass will form a picture, in its focus, 
of all the objects which are directly opposite to it, 
and this picture will be seen magnified in looking 
through the eyeglass. The magnifying power, 
in this case, will be in the proportion of three 
feet, or thirty-six inches to one inch; that is, the 
instrument will magnify the diameters of all ob- 
jects thirty-six times, or make them appear thirty- 
six times nearer than when viewed by the naked 
eye; but as the image formed by the object-glass 
is in an inverted position, all terrestrial objects 
will appear through it as turned upside down. 
The opening at the object-glass which lets in the 
light, should not exceed an inch in diameter. 

With such a telescope, which may be con- 
structed for five or six shillings, if the tubes be 
made of paper or pasteboard, the satellites of Ju- 
piter, the crescent of Venus, the solar spots, and 
the inequalities on the surface of the moon may 
be distinguished. Galileo’s telescope, with which 
he made the first discoveries in the heavens, did 
not magnify more than such a telescope. 
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ATMOSPHERE 


AND 


ATMOSPHERICAL PHENOMENA: 


ITS NATURE, PROPERTIES, ETC. 
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& PART I, 





. 3 Pack. 


THE NATURE, PROPERTIES, AND BENEFICIAL EFFECTS OF THE ATMOSPHERE IN THE SYSTEM OF NATURE, 
AND THE EVIDENCES WHICH ITS CONSTITUTION AFFORDS OF THE WISDOM AND BENEFICENCE OF THE 


CREATOR. » 


INTRODUCTION. 


The. works of God deserve our serious contemplation. His wisdom displayed in the various 


scenes connected with sublunary nature. His power. displayed in the luminaries.of heaven. . 


His perfections manifested even in the invisible regions of nature. Atmosphere an important 
appendage to our globe. Outline of subjects in reference to the atmosphere..... .....0e0. 


CHAPTER. I. “y 


Proofs that air is a material substance. Various experiments illustrative of this position. It 
produces sound, and shows a resistance to bodies passing through it. It excludes all other 
bodies from the place it occupies. A common bellows shows the materiality of air. Its 
wayes frequently becomean.object of sight... issviceereceis vets pdewpeies secieie cede secweee 


CHAPTER IT. 


The weight and pressure of the atmosphere, and the quantity of matter it contains. Compara- 
tive weight of air and water. Experiments illustrative of its pressure. Barometer, and the 
mode of its action. Pascal’s celebrated experiment with water and wine, to prove the pressure 
of the atmosphere. Remarks and reflections in reference to such experiments. Atmospheric 
pressure on the body of aman. This pressure varies. Weight of the whole atmosphere. 
Air decreases in density as we ascend to the higher regions. Scenes beheld from balloons. 
The pressure of the atmosphere illustrated by a great variety of simple.experiments......... 


CHAPTER JIL. 


Facts illustrated by the pressure of the atmosphere. It explains suction. The process of a 
child sucking the breast. Why two smooth surfaces adhere with great force. Action of a 
boy’s sucker. Adherence of shellfish to the rocks on which they are found. Why frosts 
occasion a scantiness of water. Why acask will not run unless open at top. Mode of taking 
a draught of water, and the principle on which it'depends. Action of the syphon. Remarks 

‘and reflections jn reference to the atmospheric pressure. Its discovery struck the learned 
throughout Europe with surprise. Amazing pressure on the human body. How our dwel- 
lings are prevented from being crushed to atoms. Wisdom and benevolence of the Divine 
Being in such operations... .s.cecsecccccocvccncccncccecesrressctecseenesescrslesceves 


CHAPTER IV. 


The elasticity of the air, and the phenomena it explains. Important purposes effected by the 
atmosphere. Various illustrations of the elasticity of air. Effects produced in various 
substances by this property. Spring of thetair equal to its weight—is susceptible of dilatation 
and compression. Elasticity of air not capable of being destroyed. This property explains 
a great variety of appearances in mature.and arts...cesesecsevescvorenvererrevsovrecsoooe 
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; CHAPTER V. 


‘The hight of the atmosphere, or the elevation to which it extends beyond the surface of the 
earth—hight of the atmosphere, were it of uniform density—its hight, as ascertained from the . 


twilight—mode of finding its hight from the effects of ei came: extends toa much | 


higher elevation than is generally supposed. Hight of fire-balls, and other meteors. Uni- 


versal space may be filled with otherealulaa ye 5 tet es EMR co cet oh aca cotelisetelnes 


CHAPTER VL 


The composition of the atmosphere—atmosphere a compound fluid—history ofthis discovery— 
component parts of which it consists. Properties of oxygen gas. Properties of nitrous 
oxyde—its extraordin: y effect on the animal spirits, illustrated in a variety of instances—its 
singular effects. on a student in Yale College—its effects on the author, and other individuals— 
on insects, etc. Reflections on this subject. Properties of nitrogen gas, Carbonic-acid 
gas—where found—its specific gravity—fatal to all animals that breathe it—Grotto del Cani— 
hints and cautions in reference to avoiding the pernicious effects of this gas. Atmosphere of 
our globe not to be considered thé same as those of other planets—adapted only to mortal 
men—may be improved, and rendered more salubrious, by the universal cultivation of the 
soil. Millennial era. Man has it in his power to effectuate important changes, were his 
moral dispositions renovated. State of the atmosphere before the deluge. Atmospheres of 
other planets. Reflections....,..........:. # \s. 6:26 eh blade MMMM To 90% 6. kr stepee aioe tora ers n persica 


CHAPTER VIL 


The beneficial effects of the atmosphere in the system of nature. Air is essential to the growth 
of plants. Pressure of the atmosphere preserves water in its liquid state—supports fire and 
_ flame—respiration of all animals depends upon it. Various interesting experiments in relation 
to respiration. Reflections. Respiration in fishes. Atmosphere essential to the process of 
evaporation. Density of the atmosphere gives buoyancy to the clouds—is the source of 
winds, which are of essential use in the system of nature. Air is the vehicle of smell, the 
medium of sounds; and produces all the harmonies of music—the cause of that splendor and 
universal light around us, and of the morning and evening twilight. Disastrous effects which 
would follow were the atmosphere swept away. Divine wisdom and beneficence displayed 
in the arrangements of the atmosphere—its transparency—not capable of being frozen—man 
has acquired a certain degree of sovereignty over it. Moral reflection in reference to this 
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CHAPTER VIII. 


The wisdom and benevolence of the Creator, as displayed in the constitution of the atmo- 
sphere. Wisdom and goodness are manifest in the proportion which subsists pitiveen the 
different gases—in determining the relative specific gravity of these gases—and in the process 
for supplying the waste of oxygen, and promoting the renovation of the atmosphere. Con- 
cluding reflections. Folly of denying the reality of a future and invisible state of existence, 
Many of the objects of religion lie beyond the range of our corporeal vision, but are not, on 
that account, to be considered unreal. What ought to be our great object in our study of the 
sciences, and the investigation of the phenomena of nature?.........+00.. 
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AQUEOUS METEORS, 


1. Evaporation—Bishop Watson’s experiments on this subject—various facts in relation to 
this process. Quantity of water annually evaporated from our globe. 2. Clouds—their 
hight, size, ete—Classes into which they have been arranged, cirrus, stratus, cirro-cumu- 
lus, nimbus, etc. Electrical clouds, and the ravages they sometimes produce. 3, Rain— 
imperfect knowledge of its cause—quantity which falls in different seasons, and in different 
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regions—prognostics of rain—uses of rain. 4. Snow—how formed—its flakes assume regular 
figures—representation of some of these figures. Avalanches, and the ravages they produce. 
Uses of snow. 5. Hail—storms of hail in different countries, and the effects they produce—hail- 
rods for preventing the emai 6. Dew—its formation. Hoar-frost. Fogs.. 
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a WINDS. 


1. Winds in general explained. 2. General or permanent winds. Trade-winds. 3. Periodical 
winds, or monsoons. 4. Land and sea-breezes. 5. Variable winds. Destruction occasioned’ 
by stormy winds. 6 Noxious and poisonous. winds—the harmattan—sirocco—samiel—the 
simoon—hurricanes—tornadoes. Reflections in reference to noxious ‘winds. Velocity of 
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CHAPTER ITI. 


LUMINOUS AND FIERY METEORS. 


1 The Aurora Borealis—its general appearances. Description of several striking auroras. Their 
appearance in the polar regions. Their supposed cause. 2. Luminous arches—their phenomena 
and elevation. 3. Fire-balls—description of their phenomena, size, motion, etc. 4. Shooting, 
or falling-stars. November meteors—their striking appearance in the United States, in 1833— 
their supposed origin. 5. Parhelia, or mock-suns—their general appearance—description of 
one seen at Rome, illustrated with a figure. 6. Thunder and lightning—description of a 
thunder-storm, with its accompaniments—how to estimate the distance of a thunder-cloud. 
Different kinds of lightning. Identity of lightning and electricity. Thunder-guard. Maxims 
to be observed during a thunder-storm. Concluding TEAECHIONS.. 0.00 seeveverereerrcevens 
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THE NATURE, PROPERTIES, AND BENEFICIAL EFFECTS OF THE ATMOSPHERE 
IN THE SYSTEM OF NATURE, AND THE EVIDENCES WHICH ITS CONSTITU- 
TION AFFORDS OF THF WISDOM AND BENEFICENCE OF THE CREATOR. 


& 





INTRODUCTION. 


Att the works of God, throughout the immen- 
sity of the universe, display the character, per- 
fections, and agency of the Supreme Creator, to 
every rational and Christian mind that surveys 
them with attention and intelligence. From the 
magnificent luminaries of heaven to the compara- 
tively small globe on which we dwell, and the 
smallest microscopic animalcule that glides through 


its waters, we perceive the impress of omnipotence | 


and skill, which infinitely surpass all the puny 
labors and inventions of man.’ 
were evidently intended by their Divine Author 
to be investigated, contemplated, and admired by 
all his intelligent offspring, that their conceptions 
of the Divine character may be expanded, and 
that they may be led to give unto Him “the 
glory due unto his name.” The enlightened 
Christian, tl fore, ought to devote a portion of 
his time and attention to the study and contem- 
plation of the works of God, not only asa rational 
amusement, but as a solemn duty: for, in nu- 
merous passages in the sacred records, this duty 
is expressly'inculeated: “Lift up your eyes on 
high, and behold who hath created these things.”’ 
—Stand still, and consider the wondrous works 
of God’—* The works of the Lord are great, 
sought out of all them that have pleasure therein” 

-“Great and marvelous are thy works, Lord 
God Almighty.” 

‘When we look around on the surface of the 
earth, and behold the beautiful and sublime land- 
scapes which diversify its aspect, the variety of 
colors with which it is adorned, the myriads of 
trees, shrubs, and flowers which spring from its 
surface, and the rich perfumes they shed around 
them—the numerous animated beings which tra- 
verse the air, the ocean, and the earth, and the 
ample provision which is made for their subsis- 
tence and comfort—we can scarcely fail of being 
impressed with the conviction, that the Oreator 
is a being of unbounded beneficence, that “ His 
tender mercies are over all his works,” and that 
the happiness of his sensitive and intelligent off- 
spring is one great end of all his arrangements. 
When we consider the curious and exquisite 






These works 





structure of all ‘the vagstatle tribes, the numer- 
ous vessels with which they are furnished, th 

thousands of delicate tubes, invisible to the naked 
eye, through which their sap and juices are con- 
tinually flowing to. the leaves and branches, the 
millions of pores through which they shed their 
delicious odors, and the curious contexture and 
the numerous beauties which the microscope alone 
can discover in their leaves, prickles, stamens, 
petals, and flowers:—when we consider the nu- 
merous orders of animated beings—the wonderful 
diversity of structure they exhibit, in their eyes, 
ears, feet, joints, claws, wings, and moyvements— 
their numberless contrivances, which enter into 
their construction and functions—the thousands 
of adjustments, adaptations, borings, claspings, 
and polishings, which enter into the body of an 
animal a thousand times less than a mite—the 
adaptation of all these contrivances to the pur- 
poses of life, motion, and enjoyment, and their 
correspondence to the surrounding elements in 
which such creatures pass their existence:—and, 
in particular, when we contemplate the structure 
and functions of our own corporeal frames; the 
hundreds of bones of different shapes and sizes 
which support it; the hundreds of muscles of dif- 
ferent conformation, which give motion to its 
different parts; the thousands of glands, secreting 
humors of various kinds from the blood; the 
thousands. of lacteal and lymphatic tubes, absorb- 
ing and conveying nutriment to the circulating 


fluid; the millions of pores, through which the 


perspiration is continually flowing; the infinite 
ramification of nerves, diffusing sensation through- 
out all the parts of this exquisite machine; and 
the numerous yeins and arteries which convey 
the whole mass of blood through every part of 
the body ten times every hour:—when we con- 
sider these adaptations and arrangements through- 
out the vegetable and animal kingdoms, we per- 
ceive the marks of a Divine intelligence and skill, 
which completely throw into the shade the most 
exquisite contrivances of human genius, and which 
convince us that the wisdom of the Creator is in- 
Jinite, and “his ways past finding out.” 
(7) 
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In short, when we lift our eyes beyond the 
boundaries of the globe on which we dwell, and 
look upward to that boundless firmament where 


suns unnumbered shine, and planets and comets 


run their ample rounds—when we behold ten 
thousand times ten thousand of luminous and 
opaque globes of vast dimensions scattered in 
magnificent profusion throughout every region 
of infinite space; when we contemplate the sun 
occupying a space which would hold one million 
“three hundred thousand worlds such as ours; and 
when we contemplate globes fourteen’ hundred 
times larger than. our world, flying through. the 
voids of space with a velocity of thirty thousand 
miles an hour, and carrying along with them in 
their rapid career a retinue of surrounding worlds 
—we behold the effects of a Power which all the 
subordinate intelligences in the universe can never 
control, a power before which the mightiest 
achievements of human art sink into the same 
scale with the flutterings of a microscopic ani- 
malcule; a power which astonishes and confounds 
the imagination, which sets at defiance human 
calculations, but which conveys to the mind a 
most impressive idea of the grandeur of the Di- 
vine Being, and of the magnificence of that uni- 
verse which his hands have formed! 

It isnot merely in the scenes of the visible 
world that the attributes of Deity are conspicu- 
ously displayed. Even in the invisible regions 
of creation, which are impalpable to the organs 
gdm vision, the perfections of the Eternal 

d are ho less apparent to the philosophic and 
Christian inquirer, than in those external scenes 
of beauty and magnificence which arrest the at- 
tention of every spectator. Could we descend to 
the central regions of our glob 
the processes which are going on in those unex- 
plored and unexplorable recesses; could we pene- 
tate into the depths of the ocean, and survey 
the multiplicity of objects which lie concealed in 
its unfathomable caverns; could we ascend on 
the wings of the wind with the vapors which rise 
from its surface, and contemplate all the regions 
and transformations through which they pass, 
until they again descend in refreshing rains on 
the. mountains and vales; could we wing our 
flight beyond the denser regions of the atmo- 
sphere into those places where fire-balls and shoot- 
ing stars have their origin, and where the aurora 
borealis displays its fantastic coruscations; could 
we ascend to the ethereal spaces which intervene 
between us and the celestial bodies, and inyesti- 
gate those apparently empty regions which sur- 
round the atmospheres of all the planets; or, 
could we penetrate into the chemical processes 
and changes which are incessantly going on among 
the invisible atoms of matter, in the union and 
disunion of the different gases, in the various 
modifications of crystallization, in the circulation 
of the sap and juices in the minutest flowers, and 
in the internal vessels of microscopic animalcules; 


id contemplate | 
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ATMOSPHERE AND ATMOSPHERICAL PHENOMENA. 
we should doubtless behold the operations of a 


Wisdom and Intelligence no less admirable and 
astonishing than what is displayed in the visible 
scenes of nature which are obvious to every eye. 

Of those invisible regions of nature now allud 
to, the armosPHERE is one in which we are par 
cularly interested, and which exhibits a striking” 
scene of Divine wisdom and beneficence. 

The term atmosphere may be defined to be 
“ that body of air, vapors, electric fluid, and other 
substances which surround the earth to a certain 
hight.” This mass of fluid matter gravitates 
toward the earth, presses upon its surface with a 


certain force, revolves with it in its diurnal rota- 


tion, and is carried along with it in its course 
round the sun, at the rate of sixty-eight thousand 
miles an hour. This fluid mass is invisible to the 
corporeal organs; and hence, the great body of 
mankind are apt to imagine that the regions 
around us, in which the birds fly, and the clouds 
move, are nothing else than empty space; and, 
were it not that they sometimes hear its sound in 
the breeze, and feel its effects in the whirlwind 
and the storm, they would be disposed to. deny 
that such a thing as the atmosphere had an exist- 
ence. There is, however, no appendage to our 
globe which is so essentially requisite to the com- 
fort, and even to the very existence of animated 
beings; for, were the earth and the ocean, the 
springs and the rivers, to remain as they now are, 
but were the hand of Omnipotence to detach from 
our globe the atmosphere with which it is now 
environed, it is absolutely certain that, ina few 
minutes, and after a few sighs and groans, all the 
eight hundred millions of men that now people 
the earth, and all the other animated beings that 
traverse the air, the waters, and the land, would 
sink into the slumbers of death, and disappear for- 
ever from the living world. : 

In elucidating this subject, the observations 


that will be made may be arranged under the fol- 


lowing heads:— ' 

I. To prove that air exists, and that it is a ma- 
terial substance. 

II. To consider its weigit or grayity, and the 
? force with which it presses on all bodies on 
the surface of the earth. oe 

III. To exhibit several facts whigieip? pressure 
of the atmosphere tends to illustrate. 

IV. To illustrate the elasticity of the air, and the 
effects it produces. 

V. To offer some considerations for illustrating 
the hight of the atmosphere, or its eleva- 
tion above the surface of the earth. 

VI. To illustrate its composition; or, the chemi- 
cal principles of which common atmo- 
spherical air is composed. 

VII. To illustrate its beneficial effects in the sys- 
tem of nature, 

VIII. To exhibit the evidences which its constitu- 
tion affords of the wisdom and benevolence 
of the Creator. 
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CHAPTER I. 


AIR IS A MATERIAL SUBSTANCE. 


Tue first inquiry, then, is, What is that air, of 
the importance of which we hear so much assert- 
ed? We see nothing, it may be said—we feel no- 
thing. We feel ourselves at liberty to move about 
without any let or hindrance. Whence, then, the 
assertion that we are surrounded by a substance 
called air? A few facts and illustrations only will 
be sufficient to elucidate this position. 

1. If we take a rod, and make it pass rapidly 
through what appears empty space, we shall hear a 
sound and feel-a slight resistance, as if something 
had intervened to prevent the motion of the rod. 

2. If we take a large fan, or an umbrella, when 
fully stretched, and push it forcibly from us, we 
shall feel a very considerable resistance, and a 
person opposite will feel a certain impression 
made upon his face, as if some substance had 
come in contact with it. Were we to take a very 
large umbrella—say from twelve to fifteen feet 
diameter—and stand on the top of a high stair, or 
a building, twenty or thirty feet high, we might 


jump from such a position, while we hold it fully . 


stretched, and gradually descend to the ground 
without violence or injury. It is on this principle 
that the instrument called a parachute is’ con- 
structed, by means of which an aéronaut, while 
pursuing his aérial excursions, has left his balloon, 
when elevated nedrlya mileabove the surface of 
the earth, and descended in a few minutes to the 
ground, without shock or accident. Perhaps some 
contrivance of this kind might be useful to prevent 
accidents in the case of fires in large towns—when 
persons have attempted to jump from the win- 
dows of a third story to preserve themselves from 
being involved and destroyed in the burning mass. 
The circumstances now stated prove, that there is 
a certain material substance, though invisible; 
around us, which offers a sensible resistance to 
any body having a large surface when it is pushed 
rapidly through it.. bic 

3. That air is a’ material substance, appears 
from its excluding all other bodies from the place 
it occupies. Thus, if we take a glass jar, and 
plunge it with its mouth downward into a vessel 
of water, only’a very small quantity of water will 
get into the jar, because the air, of which the jar 
is full, keeps the water out; otherwise, if it were 
empty of every material substance, the water 
would rush in and completely fill the jar.’ Hence, 
we may learn why a vessel cannot be filled with 
water by plunging its orifice downward, and why 
a funnel, if its pipe fit closely to the neck of a 
bottle, is not convenient for pouring off liquors; 
for, in order to put water or wine into a bottle, 
the air must pass between the neck of the bottle 





and the funnel, to let the air out as the water 
rushes in. And hence, the practice in such cases, 
suggested by necessity, of pulling up the funnel a 
little when the liquor stops, in order to let the air 
rush out between the pipe and the neck of the bottle. 
Itis on the principle now stated, that the diving-bell 
is constructed, by whicha person may descend to a 
considerable depth into the sea, and yet not be im- 
mersed in water, nor deprived of air for breathing. 

‘4. If we take a smooth cylindrical tube shut at ~ 
one-end, and fit a plug or cork exactly to its open 
end, so as to slide along it, if the plug be so tight 
and soaked with grease, as to prevent all passage 
of any fluid by its sides, we shall find that: no 
force whatever can push it to the bottom of the 
tube. There is, therefore, something within the 
tube, though invisible, which prevents the entry 
of the plug, and, therefore, possessing the charae- 
teristic of matter, and this something is air. ; 

5. Let us take a pair of common bellows, anc 
after having opened them, if we shut up the noz- 
zle and valve-hole, and try to bring the boards to- 
gether, we shall find it impossible. There is 
something included that prevents this, in the same 
manner as if ellows were filled with flax or 
wool; but, on opening the nozzle, we can easily 
shut them by expelling this something that is 
within, which will issue with considerable force, 
and impel anything that lies in its way. This 
something can be nothing else than the air of the 
atmosphere. ~ 

6. The air, though for the most part invisible, 
may, in certain cases, be’ rendered an object of 
sight. If we take.a telescope of high magnifying 
power, and, in the forenoon of a hot summer day, 
when the sun is shining, look through it to dis- 
tant objects, we shall perceive the air undulating 
about the objects somewhat like the waves of the 
sea, and rendering them undefined and obscure. 
This is the principal reason why very high mag- 
nifying powers cannot be used, with effect, on 
telescopes for land objects, in the day-time, when 
the sun produces undulations in the atmosphere; 
and the same cause’ frequently prevents distinct 
vision of celestial objects. 

The above are clear proofs that the air, though 
not generally an object of sight, is, in reality, a 
material substance, as much so as water, wood, 
stones, or iron. This substance, in a state of 
rest, we call air; in a state of motion, we call it 
wind; and, in this state, its force is sometimes so 
great as to drive our wind-mills, impel our ships 
across the ocean, and even to overturn buildings, 
to tear up from their roots the largest trees, and 
to dash whole fleets to pieces of atom 
a) 
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As air is demonstrated to be a body, like all 
other material substances, it must have weight, 
and the proportion its weight bears to other known 
substances is determined by experiment. If a 
bottle which contains about a quart be emptied of 
its air by means of an air-pump, or in any other 
way, and then accurately weighed in a, nice 
balance, it will be found.to be about sixteen 
grains lighter than it was before it was emptied 
of its air, which shows that a quart of air weighs 
sixteen grains. A quart of water weighs about 
14,620 grains, or nearly two pounds. If this last 
number be divided by sixteen, the quotient will be 
nine hundred and thirteen, which shows that air 
is nine hundred and thirteen times lighter than 
water; or, in other words, that it would. require 
above nine hundred quart-bottles of air to weigh 
one quart-bottle of water. Other experiments 
which have been made to determine this point, 
lead to the result that for every cubic foot of air, 
five hundred and twenty-three grains, or, one 
and one-fifth ounce avoirdupois, are to be allowed; 
and, since a cubic foot of watér weighs 1,000 
ounces, the one divided by the other gives a result 
of eight hundred and thirty-three, the number of 
times that water is heavier than air. It is impos- 
sible to atrive at very great nicety in such esti- 
mates; but the general results of all the experi- 
ments which have been made on ‘this point, lead 
to the conclusion that air is somewhere between 
eight hundred and nine hundred times. lighter 
than water. These results, however, must be un- 
derstood solely to apply to the air near the surface 
of the earth; for, as we ascend into the higher re- 
gions of the atmosphere, the air becomes gradually 
thinner and lighter, being less pressed with the air 
that is'above, 

We may now attend to the pressure which the 
atmosphere exerts upon the surface of the earth, 
and upon‘all bodies connected with it. 

It has been proved by a variety of accurate ex- 
periments, that the atmosphere presses on every 
part of the earth’s surface with a force, at an ave- 
rage, equal to about fifteen pounds on every square 
inch. This has been ascertained by what is called 
the Torricellian experiment. Take a glass tube 
about three feet long, open at one end, and her- 
metically sealed at the other: fill it with quick- 
silver, putting the finger upon the open end, turn 
that end downward, and immerse it ina small ves- 
sel of quicksilver, without admitting any air, then 
take away the finger, and’ the quicksilver will, re- 
main suspended im the tube about twenty-nine 
and a half inches above. its surface in the vessel, 
sometimes more and sometimes less, according to 
the state of the atmosphere. It is evident, then, 
that the quicksilver is kept up in the tube to this 
elevation by the pressure of the atmosphere upon 
the surface of the mercury in the basin; for, if 
the basin and tube are put under a glass, and the 
air extracted, all the quicksilver in the tube will 
fall down into the basin; and, if the air be re- 
admitted, it will rise to the same hight as before; 
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or, if an opening be. made in the top of the tube 
and the air admitted, the quicksilver will sink into 
the basin. The pressure, therefore, by the atmo- 
sphere on the earth, is the same as if a coating of 
quicksilver twenty-nine and a half inches thick 
were spread over every part of the earth’s sur- 
face. 

Now, it is proved that a square column of 
quicksilver twenty-nine and a half inches in 
hight, and one inch. thick, weighs. just fifteen 
pounds, which counterpoises a column of air of 
the same thickness, extending to the top of the 
atmosphere ; and, consequently, that air presses 
with this force upon every square inch of the 
earth’s surface; and, of course, 2160 pounds on 
every square foot, and 19,440 on every square 
yard. ‘The experiment now described is, in: fact, 
nothing else than the common barometer. The 
tube of the barometer is filled with quicksilver, or 
mercury; it then stands in a basin of quicksilver, 
is connected with a ball containing quicksilver, 


|} on the surface of which the atmosphere presses, 


and, in most cases, stands at.an elevation of 
about twenty-nine and a half inches, but subject to 
certain variations, according. to the state of the 
atmosphere, When the weather is steady and 
serene, it rises to above thirty inches; when it 
is stormy and rainy, it frequently sinks to twen- 
ty-eight inches, or under, thus indicating the 
changes that take place in the weight of the air; 
and hence it has obtained the name of the wea- 
ther-glass. 

Were the same experiment made with water, 
instead of mercury, a tube must be provided of 
about thirty-six feet long; and then it would be 
found, that the water in the tube would be sup 
ported by the atmospheric pressure to the.hight 
of thirty-two or thirty-three feet. This costly 
experiment, which has been seldom repeated, was 
first performed by the celebrated Pascal, at Rouen, 
in Normandy, in 1647. . He exhibited the experi- 
ment both with water and with wine, in order to 
show the different hights to which these fluids 
would rise, according to their respective densities. 
He procured, at a glass-house, tubes of crys- 
tal glass forty feet long, which were fixed to 
the mast of a ship, that was contrived to be 
raised or depressed, as occasion required. He 
appointed a day for performing this experiment, 
and invited all the philosophers and others who 
doubted of the pressure of the atmosphere. to 
attend, and to be witnesses of the wonderful na- 
ture of his experiment, The result was, accord- 
ing to the calculations he had ‘previously made, 
that the altitude of water in the tube was thirty- 
one and one-ninth Paris feet, equal to thirty-two 
feet two and a half inches English; and the alti- 
tude of the wine was somewhat greater, namely, 
thirty-one and two-thirds Paris feet, or thirty-two 
feet ten inches English; the wine, on account of 
its superior levity, rising about seven and a half 
inches higher than the water. He performed this 
experiment to convince the Aristotelian philoso- 
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phers of those times of the folly of a notion 
which then prevailed, that the rise of the mer- 
cury in the Torricellian experiment and the rise 
of water in pumps’ were produced, not by the 
pressure of the atmosphere, but by an occult 
quality, which they denominated “ Nature’s ab- 
horrence of a vacuum.” “They asserted that, in 
the upper partof the tube, deserted by the quick- 
silver, there were contained some spirits, evapor- 
ated from the quicksilver; which, being rarefied, 
filled up that space, thus assisting Nature, in a 
great emergency, against her mortal enemy, a 
vacuum. ‘Well, then, gentlemen,” says Pascal, 
“take your own way. Here are two tubes, the 
one I am to fill with water, and the other with 
wine. You will all readily admit that there isa 
greater quantity of spirits in wine than in water: 
and, consequently, that if the empty space be- 
tween the upper surface of the fluids and the top 
of the tube be filled with spirits, there will be a 
greater quantity of spirits, in the upper part of the 
tube containing the wine than in the tube contain- 
ing the water; and, of course, the wine will, not 
rise so high as the water.’’ To this they all readily 
assented. But, when the.experiment was made, 
the wine was found to rise nearly eight inches 
higher than the water, as Pascal had previously 
calculated and predicted. This experiment was 
decisive ; and, since that period, the figment of 
**Nature’s abhorrence of a vacuum,’’ along with 
many other absurdities, has been consigned to the 
slumber of the dark ages whence it originated. 

A few years-before the period now alluded. to, 
the engimeers of the Grand-duke of Florence, 
having received orders to raise a portion of water 
to the hight of fifty or sixty feet, by means of a 
common pump, perceived, when they had made 
the attempt, that the pump refused its assistance 
when the water was to be raised above thirty-two 
feet. They communicated the circumstance to 
Galileo, an eminent philosopher of that age, and 
asked’ him the reason of it. Galileo was not a 
little surprised, and was unprovided with an 
answer. He, however, put a good face on the 
affair, and grayély replied, that “Nature abhorred a 
vacuum: only to the hight of thirty-two feet.’ 
Torricelli, the disciple of Galileo, vexed at. the 
water’s refusing to ascend more than thirty-two 
feet in a tube void of air, made. a new experiment 
with quicksilver, in the-manner already described. 
He saw the quicksilver in the tube fall down, and 
leave an empty space at top, and remain sus- 
pended at the hight of twenty-nine inches.— 
‘‘ How,”’ says he, “ Nature abhors a vacuum only 
to the hight of thirty-two feet when it is water 
that ascends in .a tube void of air, and only to 
twenty-nine inches when it is mercury! Vacuum 
does not frighten her beyond these measures! 
But why does she fear it to far more than twenty- 
nine inches when it is water that rises? Very 
likely this horror at vacuity is an idle fancy, a 
mere philosophical cant, which we take for good 
coin without understanding it.”? Reasoning in 
this way, and repeating a variety of similar ex- 
periments, he was, at length, led to the conclu- 
sion ‘that the. diversity of the elevation of the 
two different fluids proceeded from the diversity 
of their weight, and that they were supported 
and counterpoised by a column of air, of the 
same diameter, reaching. the top of the atmo- 
sphere.” Here the matter rests, and will rest 
throughout all succeeding generations. 

This short sketch of the history of the experi- 
ments which relate to the pressure of the atmo- 
sphere will not be altogether out of place, if it 
has a tendency to guard us against the influence 
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of preconceived notions, foolish prejudices, and 
of the authority of great names, which are some 
a greatest obstructions to the expansion of 
he human mind, and the reception of useful 
knowledge. It was not before men began to 
emancipate themselves from such shackles ‘that 
Science commenced that brilliant career which 
has issued, in our times, in so many inter- 
esting and important discoveries. Similar pre- 
“Judices are still. prevalent in relation to the  ~ 
affairs of common life, the facts of science, a J 
the important truths of religion. We are only 
yet beginning to cast off the yoke of that ignor-— 
ance, under the guise of wisdom, under which 
the men of other times bowed with such abject 
submission.. Religious prejudices, in particular, 
derived from education and submission to mere 
authority, are frequently so strong that no species 
of reasoning, however convincing to an unbiased 
mind, is sufficient to subdue them. When certain 
dogmas or opinions, however futile, have got a 
firm hold on the mental faculties, all the argu- 
ments that can be derived from reason and phi- 
losophy, and éven from the most cogent an- 
nouncements of Divine revelation, are found 
altogether insufficient to displace them. And, as 
the fostering of erroneous opinions, in relation 
to religion, may endanger our best interests, both 
in relation to the life that now is’and the life to 
come, it is of the utmost importance to all, and 
especially, to young persons, that they examine, 
with care and without prejudice, every doctrine 
and opinion they embrace, without regard to hu-- 
man authority ;, founding all their views and 
sentiments on the dictates of enlightened reason, 
and the plain declarations of the word of God. 
From what has been now stated, we may easily 
compute the weight sustained by the body of a 
middle-sized man, in consequence of the pressure 
of the atmosphere. Suppose the average stature 
of the human body to be about five feet nine 
inches ; suppose the breadth in front to be about 
one foot, and the breadth on each side half a foot; 
by allowing a little deduction for the narrowness 
of the head and feet, we may reckon about five 
feet in front,'and five for the back part, and two 
and a half square feet for each side of the body, 
or fifteen square feet in all. It has already-been 
stated that the atmospheric. pressure on one 
square foot is 2160 pounds. Multiply this sum 
by fifteen, the number of square feet on the sur- 
face of the human body, and the product will be 
32,400 pounds, or somewhat more than fourteen 
tons, or the weight of more than fourteen ordinary 
cart-loads of heayy goods. This is the pressure 
sustained by every middle-sized man—a pressure 
which would be insupportable, and even crush 
us to pieces, were it not that itis equal in every 
part; pressing with the same force upward, down- 
ward, and on every side; and is at, the samo 
time, counterbalanced by the spring of the air 
within us, which is diffused through the whole 
body, and reacts with an equal force against the 
outward pressure, This pressure, however, is 
somewhat different at different times. When the 
air is lightest, the pressure is 31,150 pounds, and, 
when heaviest, about 33,660 pounds, making a 
difference of about 2500 pounds, the weight with 
which we are compressed more at one'time than 
at another. This great difference in the atmo- 
spheric’ pressure is found greatly to affect .the 
anirnal functions and the state of health. A 
person laboring under an asthmatical complaint 
will find his disorder increased when the air is 
light, as it has then less elasticity, and is not so ca- 
pable of expanding the lungs. The air is gene- 
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tally the lighest in hazy and rainy weather, when 
the clouds descend, and the mists cover the 
mountain tops. . Every one then feels the effect, 
by a certain degree of lassitude and depression of 
spirits, occasioned by the surrounding gloom, 
and by being deprived of an atmospheric pres- 
sure amounting to more than.2000 pounds. The 
fibers of the body are relaxed, the contractile 
force of the muscles diminished, and a languid 
circulation of the fluids ensues, which sometimes 
produce obstructions, fevers, and headaches; and, 
in most persons, a sort of indolence and gloomy 
inactivity. Whereas, when the air is heavy, and 
the clouds ascend to the higher regions, and ap- 
pear like fine fleeces on the blue vault of heaven, 
the nerves and fibers of the animal system are 
braced by the additional pressure of the atmo- 
sphere, the blood-vessels exert their full power, 
the solids are ‘compressed, the fluids circulate 
with increased vigor, we feel light and alert, and 
the elevation of the animal spirits is increased by 
the splendor and activity of the surrounding 
scene. ; 

Weight of the whole Atmosphere.—F rom the facts 
now stated, we may form an estimate of the 
weight of the whole body of the atmosphere 
which surrounds the surface of the earth. The 
surface of the globe contains, in round numbers, 
200,000,090 of square miles; every square mile 
contains 27,878,400 square feet; and these two 
numbers multiplied together, produce 5,575,680,- 
000,000,000; or, five thousand five hundred and 
seventy-five billions, six hundred and eighty thou- 
sand millions, equal to the number of square feet 
on the surface of the earth; which multiplied by 
2160 pounds (equal to the pressure on ever 
square foot), produces the sum of 12,043,468,- 
800,000,000,000; that is twelve trillions, forty- 
three thousand four hundred and sixty-eight bil- 
lions, and eight hundred thousand millions; which 
is equal to the number of pounds which consti- 
tute the weight of the whole atmosphere, or 
5,000,000;000,000,000; that is, about five thousand 
billions of tons. A more definite idea of this 
weight may be obtained by supposing a ball of 
lead, extending from London to Oxford, stretch- 
ing sixty miles perpendicularly above us, and in 
every direction; or, in other words, a ball of lead 
one hundred and ninety miles in circumference, 
and about sixty miles in diameter. Supposethis 
ball placed on one end of an immense balance, 
and the whole atmosphere on the other, they 
would nearly counterpoise each other. So that 
this invisible fluid, which we are apt to consider 
as almost a nonentity, when considered'as a whole, 
contains a weight which it is difficult for numbers 
to express. 

It need only be observed. further on this point, 
that the air decreases in density in proportion as 
we ascend to the higher regions of the atmosphere. 


At the hight of seven miles, the air is four times’ 


rarer than at the surface of the earth; at the hight 
of fourteen miles, it is sixteen times rarer; at the 
hight of twenty-eight miles, it is two hundred and 
fifty-six times rarer; at the hight of ninety-six 
miles, it is 268,435,456 times rarer; andvat the 
hight of five hundred miles, it has been computed, 
that a cubic inch of such air as we breathe at the 
surface of the earth, would be so» much rarefied, 
that it would fill a hollow sphere equal in diameter 
to the orbit of the planet Saturn, which is 1,800,- 
000,000 of miles in diameter.. This is a neces- 
sary Consequence of the elasticity of -the air, and 
of its want of compression in the higher regions; 
and that this is in reality the case, is proved by 
experiment as well as by calculation. When ye 
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take a barometer to the top of a mountain only 
| half a mile in perpendicular elevation, the mercu- 
ry falls from thirty to twenty-seven inches; and. 
the fall of the mercury is in proportion the higher 
we ascend. Those travelers who have climbed 
to the tops of lofty mountains know, by experi- 
‘ence, that the air is much.thinner in those Te- 
gions thaw in the plains below. Their breathing 
becomes difficult and painful, their hands and feet 
swell, and they are sometimes seized with a vom- 
iting of blood. They also find, that the atmo- 
sphere becomes clearer as they ascend, and_is un- 
able to support the clouds. We are informed by 
Don Ulloa that, while he stood on the top of the 
Andes, in Peru, “the clouds, which were gathered 
below the mountain’s brow, appeared like a tem- 
pestuous ocean, all dashing and foaming, while 
the lightnings were breaking through the waves, 
and the thunders rolling beneath his feet, far be- 
low the spot on which he stood. In the mean- 
time he enjoyed a serene and cloudless sky, and 
left the war of the elements to the unphilosophi- 
cal mortals on the plains below.” 

Those who have taken a flight to the higher re- 
gions of the atmosphere in balloons, have beheld 
scenes of a similar kind. Mr. Baldwin, who as- 
cended in a balloon from Chester, in 1785, relates 
that at a certain elevation, the earth was entirely 
hid from his view by an immense mass of vapors, 
which he compares to a sea of cotton, tufted here 
and there by the action of the air, and, sven after, 
the whole became an extended pavement of white 
cloud. The reason of all this is obvious: the 
clouds are vapor, or water rarefied by heat. Va- 
por is lighter than air near the surface of the 
earth, and, consequently, ascends in it; but, in the 
higher regions, thé air is thinner and lighter than © 
these vapors, and, of course, is unable to support 
them beyond a limited hight; which cireumstance 
undeniably proves that the air is lighter the higher 
We ascend. 

The pressure of the atmosphere may now be 
illustrated by a few simple experiments. The in- 
strument called'the air-pump affords, on the whole, 
the best means of illustrating the pressure of the 
atmosphere. This instrument bears a certain re- 
semblance, in its principle and action, to the com- 
mon house pump. It consists of a hollow cylin- 
der or tube, in which a piston is alternately raised 
and depressed by means of an iron rod attached 
to the handle of the pump. In the piston there 
is a valve, which opens by any pressure from be- 
low, and is shut by any superincumbent pressure, 
like the flapper of a pair of bellows. When the 
piston is forced down, the'valve is opened from 
below by the pressure of air, or whatever fluid 
the pump may contain. The fluid then gets above 
the valve, and is lifted up bythe raising of the 
piston, and carried out of the pump, the valve be- 
ing then shut by the pressure of theyair above it. 
At the top, is a metal plate ground to a perfect 
plane surface, on which is placed an inverted glass 
jar or receiver, whence the air is.to be extracted. 
A hole in the plate is connected with a tube which 
communicates with the pump-barrels. _By work- 
ing the handle of the instrument for some tiine, 
the receiver will soon be nearly exhausted ofall 
the air it contains, and the. effects produced in a 
vacuum, or place void of air, may then be exhib- 
ited. The following, among other experiments, 
may be shown by the air-pump. If the receiver 
be open at both ends, and the upper orifice be 
stopped by the hand, when the air is exhausted, 
the pressure of the external air will be such as to 
prevent the removal of the hand, and will cause. 
a certain degree of pain. If a piece of bladder 
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be tied tightly over the orifice, as the exhaustion 
proceeds, the bladder will be pressed inwards, and 


will finally burst with a loud noise. In the same 


manner, if a flat piece of window-glass be placed 
upon the orifice, when the air is exhausted, the 
glass will be broken into a number of pieces by 
the external pressure of the atmosphere. 

But as comparatively few persoris have an op- 
portunity of performing experiments with the air- 
pump, a few simple experiments equally convin- 
cing, which every person has it in his power to 
perform, may here’be described. 

i. Take a wine‘or an ale-glass, and fill it with 
water; take a smooth piece of writing paper, and 
press it firmly against. the edges of the glass, so 
that no-air get. in between the paper and the 
water, then turn the glass upside down; and the 
water will be supported by the pressure of the at- 
mosphere upon the. paper. That it is the exter- 
nal pressure of the atmosphere upon the paper 
which supports the water will appear, when we 
consider that the paper, instead of being convex, 
by the pressure of the water downward, is con- 
cave, by the pressure of the air-upward. If a 
lighted candle be placed under the paper, with its 
flame touching the paper, we may hold it for an 
indefinite length of time, without its producing 
any effect upon the paper, or setting fire to it. 

2. Take a wine-glass, and burn « piece of paper 
in it, and while the paper is. burning, if. we place 
the palm. of our hand firmly upon the edges of 
the glass, the glass will stick fast to the hand, 
producing a certain degree of pain, and it will re- 
quire a considerable degree of force before the 
hand can be detached from the glass. In this ex- 
periment, the burning of the paper rarefies the 
air, nearly expels it from the glass, and then the 
atmosphere presses with its whole weight upon 
the hand. ' j 

3. Take a glass tube two or three feet long, of 
a narrow bore; plunge one end of it in a basin 
of water; apply the mouth to the other end, and 
draw out the air by suction; the water will in- 
stantly rise into the tube by the pressure of the 
atmosphere on the water in the basin; and, if we 
immediately place our thumb firmly on the upper 
part of the tube, and withdraw it from the water 
in. the basin, the water will be suspended in the 
tube by the pressure of the atmosphere, although 
the tube is open below; but, when the thumb is 
removed from the upper part of the tube, the 
water in it will run out,in consequence of the 
pressure of the atmosphere from above. 

4, Take a tin vessel, six or eight inches long, 
and about three in diameter, with its mouth about 
a quarter of an inch wide, as EF (fig.1). Pierce 
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a number of small holes in its bottom, about the 
diameter of a common sewing-needle. Plunge 
this vessel in water, and, when full, cork it up, so 
that no air can enter at the top. While it re- 
mains corked, no water will run out, being pre- 
vented by the atmospheric pressure upon the bot- 
tom of the vessel; but the moment it is uncorked, 
the water-will issue from the small holes by the 
pressure of the air from above. The same experi- 
ment may be made with a tin-plate tube, about an 
inch in diameter, open at the top, and having its — 
bottom pierced with a small hole. When filled 


with water and tightly corked at the top, it may 
be carried for miles without losing a drop of wa- 
ter, notwithstanding the hole in the bottom. 


Fig. Le 


’ Fig. 2. : 

















5. In order to show the lateral pressure of the 
atmosphere, take a tube, as GH (fig. 2), six or 
seven inches long, having a small, hole on each 
side,as1K, When filled with water, and tightly 
corked, no water will run out from the sides of 
the tube, but the moment the cork is taken out, 
the water will run out at 1 and x, as'represented in 
the figure. 

6. Take a wine-glass and-burn in it a piece of 
paper; then invert the glass, while the paper is 
burning,-over a saucer full of water, the water 
will rush up into the wine-glass, in consequence 
of the air being rarefied or driven out by the burn- 
ing paper, and in consequence of the pressure of 
the atmosphere upon the surface of the water in 
the saucer. 

These experiments show that .the atmosphere 
presses in ail directions, upward, downward, and 
laterally. This subject has been dwelt on some- 
what particularly, because the atmospheric pres- 
sure forms an important element, and a me- 
chanical power in the construction of steam- 
engines, atmospheric railways, and other modern 
inventions, which are now of such great utility in 
propelling carriages along railways, and steam- 


vessels across seas and oceans. 
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FACTS ILLUSTRATED BY THE PRESSURE OF THE ATMOSPHERE. 
t es 


Lar us now attend 0s few facts which the | gether, which prevents the air from insinuating 


pressure of the air tends to explain and illus- 
trate. dined 

1. The atmospheric pressure explains the nature 
of the process vulgarly termed suction. When 
we attempt to take a draught of water out of a 
basin, or a running stream, it is commonly said 
that we draw in the water ‘by suction; whereas 
the fact is, that. instead of drawing the water into 
the stomach, we only draw the air into the lungs, 
and the atmosphere performs the other part of the 
operation. The process is simply this:—We im- 
merse our lips into the water, so as to prevent the 
entrance of air into the mouth; we then make a 
vacuum in the mouth by drawing the air into the 
lungs, after whieh the pressure of the atmosphere 
upon the surfacé'of the water forces it upward 
into the mouth. That such is the process of re- 
ceiving a draught of water when the mouth is 
held downward, appears. from this circumstance, 
that if the lips do not touch the water, we might 
draw'in the air by what is called suction for twen- 
ty years, and not receive a single drop into the 
mouth. 

The same principle explains the action of a 
child sucking the breast of its nurse. The ope- 
ration of cupping is performed in the same way. 
In this case the operator takes a small glass, close 
at the top, and holding it for some time over the 
flame of a candle or lamp, the air is thereby rare- 
fied, and part of it drawn out. The glass is then 
suddenly placed on the part of the body to be 
cupped, and adheres to the flesh by the external 

ressure of the air. The flesh rises in the glass, 
and the blood and serosities are forced from the 
wounded vessels into the ‘glass by the atmospheric 
pressure on the parts around. 

2. It is owing to the atmospheric pressure that 
two polished surfaces, which accurately fit each 
other, adhere with great force. This fact is well 
known to glass-grinders and polishers of marble. 
A large lens, when ground very smooth, requires 
more than the strength of a single individual to 
pull it directly from. the tool. If the surface is 
only a square inch, it, will require fifteen pounds 
to separate them perpendicularly, though a very 
moderate force will make them slip along each 
other. Were the surface six inches square, the 
force requisite to separate the two pieces would 
be equal to five hundred and forty pounds. But 
this cohesion is not observed, unless the surfaces 
are wetted or smeared with oil or grease, other- 
wise the air gets between them, and they separate 
without any trouble. That this cohesion is 
owing to the atmospheric pressure, is evident from 
the ease with which the plates may be separated 
in am exhausted receiver by means of the air- 
pump. ‘The same cause contributes in a power- 
ful degree to give effect to the cohesion of bodies 
by means of mortar and cements. When two 
pieces of wood are to be glued together, their sur- 
faces are first made as smooth as possible; a glu- 
tinous substance is then applied to fill up all the 
pores and inequalities; they are then pressed to- 
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itself between them, and the external air then 
presses upon them with a force of fifteen pounds 
on every square inch. There can be no question 
that the stability of our houses and garden walls 
depends, at least in a great measure, upon the 
same principles; for the more completely every 
crevice between the bricks or stones is shut up, 
by'means of mortars and cements, from the in- 
sinuation of the external air, the more firm and 
stable is the building. 

To the same cause is to be attributed the action 
of a boy’s sucker in lifting large stones from the 
The sucker is made of ‘stiff wetted 
leather fastened to a string; the moisture upon 
the leather, when. it is pressed down upon the 
stone, prevents the air from getting in between 
the leather and the stone, and if the sucker be 
four inches square, it will require a force of two 
hundred and forty pounds to separate it from the 
stone. In certain cases, such contrivances, on a 
large scale, might be sometimes useful as a m 
chanical power. 

3. Another circumstance which is accounted 
for on this principle is, the strong adhesion of 
snails, -periwinkles, limpets, and other molluscous 
animals, to the rocks on which they are found. 
The animal forms the rim of its shell so as to fit 
the shapéeof the rock on which it intends to cling. 
It then fills its shell either with its own body or 
with water. In this condition, it is evident, that 
we must act with a force equal to fifteen pounds 
on a square inch before we canvdetach it from the 
rock. ‘This may be illustrated by filling a drink- 
ing-glass to the brim with water, and, having 
covered it with a piece of thin wet leather, place 
it upon a table, and it will be found to require'a 
very considerable foree to pull it straight upward. 
But, if we place a snail adhering to.a stone in an 
exhausted re¢eiver, it will drop off by its own 
weight. It is owing to the same cause that bivalve 
mollusca, such as oysters and ‘mussels, keep their 
shells so firmly shut, and require such a degree 
of force to open them. But, if we grind off a 
bit of the convex shell, so as to make a small hole 
in it, the air gets in, and it opens with the great» 
est ease. The same thing takes place when it is 
put under the exhausted receiver of an air-pump. 
It has been lately discovered that it is owing to 
the same principle that flies and other animals 
have the power of walking on a perpendicular 
pane of glass, or on the ceiling of a‘room, with 
their backs downward. This has been proved te 
arise from a power they possess of squeezing out 
the air between the inside of their feet and the 
surface on which they tread, and thus being sup- 
ported against the outside of their feet by the 
pressure of the atmosphere. 

4, It is owing, in a great measure, to the pres- 
sure of the atmosphere, that frosts occasion a 
scantiness of water in our fountains and wells. 
This is not caused, as is generally supposed, by 
the freezing of the water in the bowels of the 
earth. Ihe most intense frost of a Siberian win- 
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‘ter would not freeze the ground two feet deep, but 
a moderate frost will consolidate the whole sur- 
face of a country, and make it impervious to the 
air, especially if the frost has been preceded by 
rain, which has soaked the surface. When this 
happens, the water which was filtering. through 
the ground is all arrested, and kept suspended in 
its capillary tubes by the pressure of the air, in the 
‘same manner as water is suspended in a’ tube 
which is closed at one end, as in the third experi- 
ment stated in the preceding chapter (p.13). A 
thaw melts the superficial ice, and allows the 
water to run out in the same manner as it does 
when the thumb, in that experiment, is removed 
from the top of the tube. 

5. It is well known that a cask full of water, 
or spirits, will not run by the cock, unless’a hole 
be opened in the top, or some other part of the 
eask. The reason’is, that the air presses upon 
the opening in the cock, and prevents the liquor 
from flowing; whereas, when an opening is made 
at the top, the pressure of the air from above 
forces it down. If, indeed, the hole in the cask 
is of large dimensions, it will run without any 
‘other hole, because air will get in at the upper 
side of the hole, while the liquor runs out by. the 
lower part of it. For the same reason, a small 
hole is made in the lid of a tea-pot'to insure its 
pouring out the tea, otherwise, when the tea-pot 
is quite full, it would be difficult to make the tea 
run out at the spout, the pressure of the air from 
below tending to prevent it. 

On the same principle.depends the performance 
of an instrument used by spirit dealers, for taking 
out a sample of theirspirits.. It consists of a long 

Fig. 3. tin-plate tube, a 8, fig. 3, open at the 

ae, , top at a, and ending in a small hole at z. 

The end B is dipped into the spirits, which 
rise into the tube; then the thumb is 
clapped on the mouth a, and the whole 
is lifted out of the cask. The spirit re- 
mains in it until the thumb be taken 
off; it isthen allowed torun into a glass 
for examination. We are informed by 
certain travelers, that some of the rude 
tribes of Asia and Africa, with whom 
BY they have traveled, have a similar me- 
thod of acquiring a draught of water, though 
they do not understand the principle on which it 
depends. They provide themselves, in their jour- 
neys, with a long hollow cane, and, when they 
wish to drink, or to give their companions a 
draught of water from a stream or pool, they 
place the hollow cane in the water, and apply 
their mouth to the. upper end, and draw out the 
air, when the water rushes in and fills the inte- 
yior of the cane; they then apply their thumb to 
the upper end, take the cane out of the water, 
and apply it to the lips of their thirsty companion, 
when the water rushes into his mouth. This 
mode of taking a draught of water may, in some 
cases, be very convenient when we cannot easily 
apply our lips to the surface of a running stream. 
The action of the syphon depends on the same 
principle. A syphon is a bent tube, the one end 
of which is longer than the other, as a 8, fig. 4. 
If the tube be filled with water, and the shorter 
leg be placed in a vessel of water, E, immediately 





upon withdrawing the finger from the longer leg, | 


the water will flow out until the liquid in the 
vessel is emptied. By means of this instrument, 
we can convey water from a cistern over a rising 
ground, provided its perpendicular elevation above 
the level of the fountain does not exceed thirty- 
two feet, and that the leg, from which the water 
runs off, is below the level of the cistern; because 
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the weight of a column of water, about thirty- 
two or thirty-three feet high, is equal to the 
weight of a column of air reaching from the sur- 
face of the earth to the top of the atmosphere. 
The pressure of the tat upon the water 
of the vessel, or cistern, produces this effect. 


Fig. 4. 





' It might be shown, that the common pump for 
raising water, the fire-engine, the steam-engine, 
the forcing-pump, and many other pneumatic and 
hydraulic engines, derive their power and utility 
chiefly from that extensive and universal agent— 
the pressure of the atmosphere; without the as- 
sistance of which many of our most powerful 
engines would be arrested’in their operations, and 
sink into feebleness and/insignificancy. But this 
chapter shall be concluded by a few general re- 
marks, suggested by this subject. 

The discovery of the pressure of the atmosphere, 
and of its agency in the system of nature, formed 
a new era in the history of science. However 
common it is now to perform the Torricellian ex- 
periment, and to talk about the pressure of the 
atmosphere, it was a subject which, less'‘than two 
centuries ago, struck with astonishment all the 
learned throughout Europe. So wonderful and 
incredible did it at first appear, that it was not 
until after the lapse of several ‘years—auntil after 
opinions which had prevailed for ages had been 
overturned, and the most. decisive experiments 
had been performed, in every possible way, that 


| it was cordially received. And, indeed, when we 


consider’the effects of this powerful agent, in the 
numerous operations both of nature and art, there 
is something which tends to excite our admiration 
more than all the fairy tales which the human 
fancy has created. We behold its operation in 
compressing the bodies of all animated beings— 
in counterpoising the internal pressure of the cir- 
culating fluids, and preventing the elastic force 
of the internal air from bursting the arteries and 
veins. We behold its operation in forcing-pumps 
and fire engines—in raising water from deep pits, 
and carrying it to the tops of the highest build- 
ings—in giving motion to our spinning-machines, 
and in propelling large.vessels along seas and 
rivers—in ‘the action of Hiero’s fountain, of sy- 
phons, and barometers; and in many other cases 
where its agency could scarcely have been sus- 
pected. What can be more unlike than the work- 
ing of ‘a fire-engine, when spouting a column of 
water to the top of a building in flames, and the 
crawling of a fly upon a window-pane, or the 
ceiling of aroom? Yet both these operations are 
performed by the same means, the pressure of 
the atmosphere. : 

But what appears no less striking than such 
operations, is, the pressure of the atmosphere 
upon our own bodies. It has already been stated, 
that this pressure amounts to above thirty thou- 
sand pounds. Were the half of this weight to 
fallon one side of our bodies, without being 
counteracted by any other power, it would pro- 
duce’an effect similar to that of a heavy wall, or 
the roof of.a house falling flat upon us, and would 
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Anfallibly drive the breath, from our lungs, and 
crush to pieces every bone. What is it, then, 
which prevents such a terrible effect? A small 
quantity of air within us, which would not weigh 
above a single ounce, by its strong elastic force, 
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)a- pressure’ of 1,244,160 pounds! ‘Without’ 
wonderful balance no house could be habitable, 
no creature could remain alive; our glass-windowsg 
would be shattered to atoms; an army-tent, a pea- 
sant’s house, or a shepherd’s hut, yea, even our 


counterpoises the effects of this tremendous pres-} most stately edifices, would be crushed to atoms. 


sure; so that, instead of lying as a mountain on 
our loins, it acts like wings to our feet, or like. 


sinews to our limbs. When a flat bottle is empty, | 


and laid on its side, we might imagine that the 
weight of the air would break it to pieces; but 
the air which is contained within the bottle, 
whether stopped: or not, has the same power, by 
its elasticity, to prevent its breaking, as the air 
without has to crush it to atoms. But, if we 
apply a syringe to-the neck of such a flat bottle, 
and exhaust the air which is enclosed within, the 
extraction of that small body of air, which, by 
its elastic spring, supported, the sides of it, gives 
room to the external air to act on the surface of 
the bottle with all its force, and the bottle will fly 
into a thousand pieces. Such would be the»case 
with respect to our own bodies, if an exact balance 
were not kept up between the pressure of the 
atmosphere without, and the elastic force of the 





air within; and, in this instance, as well as in a 
thousand other instances, we have a striking evi- 
dence of the wisdom and of the benevolence of 
Him who at first created and arranged all the 
powers and elements of nature, so as to render 
them subservient to the preservation and comfort 
of every species of animated existence. 

It is owing to the same admirable arrangement 
of the Creator, that our dwellings are not crushed 
to atoms. Suppose an apartment only twelve feet 
square, and nine feet high, the pressure of the air 
upon the four sides, and the roof, containing five 
hundred and seventy-six square feet, is equal to 
one million, two hundred and forty-four thousand, 
one hundred and sixty pounds! This enormous 
pressure is balanced by the resistance of the small 
quantity of the air in the room, which weighs 
only ninety-seven pounds; so tha‘, here ‘isa small 





weight of ninety-seven pounds counteracting 


_ It appears, then, that we are immersed in an 
invisible fluid, which, on the one hand, by its 
enormous pressure, threatens to crush us to the 
earth, and, on the other, by its elastic force, to 
burst our blood-vessels, and tear our whole frame 
to pieces. The equality or equipoise of these two 
formidable and death-menacing powers, is our 
only safeguard and defense; and shows us how 
“fearfully and wonderfully’? we are every mo- 
ment preserved -by that Almighty Being, “in 
whose hand our. breath is, and whose are all our 
ways.’ Here we. have a striking evidence of its 
benevolence and skill, in having, by his wisdom, 
reconciled and balanced two such formidable and 
contending powers, and so tempered them, that 
the impetuosity of the one is checked by the ac- 
tivity of the other; and all nature, instead of be- 
ing shattered ‘and destroyed, is preserved in safe 
and harmonious order. Were it his design to 
destroy the inhabitants‘of our world, or to render 
them miserable, we see how easily this could be 
effected. He has only to permit one of those 
powers now described to act without control, and 
the work of destruction ‘is at once accomplished 
So that in his ‘hand is the soul of every living 
thing, and the breath of all mankind.’ He up- 
holdeth our souls in life, and his merciful visita- 
tion sustains our spirits. It is the province of 
true philosophy to trace the attributes of the Al- 
mighty, in every part of his operations, inthe 
system of nature; and there is no scene through- 
out the universe, where-his voice is not heard, and 
where his power and wisdom are not conspicuous- 
ly displayed to those who have ears to hear, and 
eyes to see, and spiritual discernment to recognize 
the footsteps and the agency of an almighty, 
though invisible, Intelligence; “for in Him we 
live, and move, and have our being.’’ 





CHAPT 


ER IV.: 


fHE ELASTICITY OF THE AIR, AND THE PHENOMENA IT EXPLAINS. 


Tue atmosphere is that ocean of air which 
surrounds our globe on all sides, and in which we 
live and breathe. We are plunged into the bottom 
of the vast aérial sea, as the fishes are plunged 
into the depths of the ocean. Before we were 
brought into the world, we were furnished with 
a diaphragm and lungs, with cartilages, ribs, and 
muscles, to enable us to draw in this vital fluid, 
The first rush of the air into the lungs, and the 
eries which accompany it, announce life and sen- 
sation. More than a hundred muscles are em- 
ployed in drawing in and expelling this aérial fluid; 
and this operation is continued, without intermis- 
sion until death. In this element we pass. the 
whole of our existence, from the cradle to the 
grave; it surrounds us wherever we go, whether 
on sea or land, and almost all our enjoyments 
depend on its benign agencies. This element, 
however, is impalpable to our senses. By its 





its thinness, it eludes our grasp; it cannot be per- 
ceived by our smell or taste, nor even by our or- 
gans of hearing, unless when it is in a state of 
tremor and agitation But we are fully assured, 
in numerous instances, that the powers of nature 
may be in complete existence, though they are 
imperceptible to every organ of sensation; and 
hence we ought to guard against an error com- 
mon both to the vulgar and to philosophers, that 
“the things, which we cannot see have no real 
existence.” The atmosphere, though invisible, is 
one of the most important and essential constitu. 
ents of our terrestrial habitation, We could live 
for a few.days without food, or drink, or sleep; 
we could pass weeks and months without the light 


,of the sun, or the glimmering of a star; but. if 


we are deprived only for a few minutes of the 
vital air, the lungs refuse to play, the heart ceases 
to beat, the blood stagnates in the arteries and 


transparency, it escapes our ocular inspection; by{ veins; we faint, we sicken, we die. The powers 


*. 
~s 
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of’ the animal: machine are broken; the thoughts 


and perceptions vanish; the dust returns to its 


kindred dust, and 
gave it. « : i 

We shall now chiefly attend to the illustration 
of the elasticity of the atmosphere.’ By the 
elasticity of the air, is meant that property by 
which it contracts itself into less space, when an 
additional pressure is laid upon it, and by which 
it recovers its former dimensions when the pres- 
sure is removed. When I take a piece of whale- 
bone, or a watch-spring, and bring the two ends 
together, as soon as the force thus employed is 
removed, the spring returns to its former position. 
In such cases, we say that the body is. elastic. 
When I take a small quantity of wool into my 
hand, and compress it, upon opening my hand, it 
recovers its former bulk, by the natural spring of 
its fibers; and hence we conclude that this sub- 
stance possesses a certain degree of elasticity. In 
like manner, if I take a bladder and fill it with air 


the spirit returns to God who 


and apply a force to the sides of it, so as to com-, 


press it into a smaller space, when. the force is 


removed it immediately expands, and fills thé’ 


same space as before, which clearly proves that 
the air contained in the bladder is of an elastic 
nature. i 

In consequence of this elastic property, the 
air always endeavors to expand itself, and to oc- 
cupy more space. This is proved by taking a 
bladder, containing only a small quantity of air, 
tying its neck close, so as to prevent the escape 
of the air, and then placing it under the receiver 
of an air-pump. So long as the bladder is ex- 
posed to the pressure of. the atmosphere, it will 
remain in the same state; but, when the air is 
exhausted from the ‘receiver, and the ‘external 
pressure removed, the side of the biadder, which 
was flabby and lax, stretches itself out, swells, 
and becomes tight, being raised by the elastic 
power. ‘And, if the air be‘againlet into the re- 
ceiver, the bladder returns to its former shape. 
By a similar experiment it is shown, that the ex- 
pansive power of the small quantity of air‘in the 
bladder is capable of raising leaden weights of a 
considerable size. In consequence of this strong 
elastic power of the air, a person, by blowing 
into a pipe connected with several bladders, has 
been able sensibly to raise a mill-stone, which 
was placed upon the bladders; which. demon- 
strates the very strong expansive power of a very 
small quantity of ‘air. 

On the same principle; were a bladder, contain- 
ing a very small quantity of air, taken to the 
higher regions of the atmosphere, it would gradu- 
ally expand the higher it was carried, in conse- 
quence of the pressure of the atmosphere being 
gradually diminished, until, at length, it would 
burst the bladder, by the expansive force with 
which it is indued. In like manner, heat in- 
eréases the elasticity of air. If a bladder, con- 
taining.a small quantity of air, be placed, before 
a strong fire, the small portion of air it contains 
will expand until the bladder appears quite full, 
and ready to burst. There is another striking 
experiment which demonstrates this elastic force 
of the air: When a thin bottle with flat sides is 
firmly corked, so as to prevent the included air 
from escaping, is placed under the receiver of 
an air-pump, and the air exhausted, the spring of 
the air within it will dilate with so much violence 
as break the bottle to pieces.. In like manner, 
were the pressure of the external air completely 
removed from: our bodies, and the escape of the 
internal air preyented, the elastic force of the air 
within us would immediately tear the lungs and 
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other vessels to pieces, force the blood throngh 
the arteries and veins, and put an end to all the 
functions of the animal machine. If an animal, 
as a cat, mouse, or bird, be put under a receiver, 
and the air exhausted, the animal will. be at first 
oppressed as with a great weight, then grow con- 
vulsed, their bodies will swell, and if they are 
allowed to remain only fora few minutes, they 
inevitably die. Were we to take a shriveled 
apple, and put it under the receiver of the air- 
pump, and exhaust the air, the skin will gradu- 


‘ally swell as the pressure of the air diminishes, 


the wrinkles will be filled up, and the apple will. 
appear as*if fresh-gathered. When the air is let 
in, it returns again to its former withered state. 
The effect now stated, is owing to the elasticity 
of the air in the inside of the apple, which ex- 
pands when the atmospheric pressure is removed. 

From a variety of experiments it is demonstrat- 
ed, that the spring of ‘the air is equal to its 
weight, and produces the same effects as-its pres- 
sure; for, action being equal to re-action, «the 
force which the elasticity of the air exerts, in 
endeavoring ‘to expand itself, is equal to the force 
with which itis compressed, just as it is in-the 
spring of a watch, which exerts no force, but in 
proportion as itis wound up. If a quantity of 
air therefore, is included in a vessel, and is of the 
same density with the surroundiug air, its pres- 
sure against the sides of the vessel is equal: to 
that produced by the external atmosphere. Hence 
it is that we can break a square glass bottle, either 
by the direct pressure of the atmosphere, after the 
air has been extracted from it, or by removing 
the pressure-of the atmosphere, and allowing 
the elasticity of the air within to exert its expan- 
sive force. 

It is owing to the elasticity of the air that it 
is susceptible of dilatation and compression. ‘To 
what degree air of the same density which it 
possesses at' the surface of the earth is capable of 
being compressed, has not yet been fully ascer- 
tained. Dr. Halley informs us, that he has seen 
it compressed, so as to be sixty times denser than 
in its natural state.. Some have supposed that no 
bounds can be fixed to'the condensation of air. But 
it appears from some experiments made in Lon- 
don, and by the, Academy of Florence, that no 
force, whatever is able to reduce air into eight 
hundred times less space than that which it na- 
turally possesses at the surface of the earth, It 
is owing to the power of being artificially con- 
densed, that forcing-pumps produce their effects, 
and that an air-gun is-enabled to discharge a ball 
to a considerable distance with great violence. 
The air is forced into a certain compartment of 
the gun by means of a syringe or condenser, 
which drives the air in, and suffers none of it to 
come back until it be sufficiently condensed. 
When the valve which confines the air is opened, 
the air by its elastic power rushes in behind the 
ball, and forces it out of the barrel with great 
violence. It would be better for mankind, how- 
ever, that no such instruments were ever con- 
structed. Science ought always to have for its 
object the construction of instruments and ma- 
chines which have a tendency to promote the 
comforts of mankind, not those which may be 
employed by unprincipled men as weapons of 
destruction ; and, therefore, the construction of 
this instrument is alluded to merely as an illus- 
tration of the powerful effect of the elasticity of 
the air. Would to God that guns, and cannons, 
and warlike instruments of all descriptions were 
forever unknown among men; that swords were 
beaten into plowshares, and spears into pruning- 
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hooks; that nation might no longer lift up sword 


against nation, but delight themselves’ in peace! 


The. dilatation or expansion of air, in virtue 


of its elastic force, is found to be very surprising. 


In several experiments made by the honorable 
Mr. Boyle, it dilated at first into nine times its} 


former space, then into thirty-one times, then 
into sixty, and then into one hundred and fifty. 
Afterward, it was: brought to dilate 8,000 times 
its space, then into 10,000 times; and, at last, 
into 13,679 times the space it originally occupied, 


and all this was effected by its own expansive’ 


force, without the help of fire, or the principle 


of heat. Hence it appears that the air we breathe 


near the surface of the earth is compressed by its 
own weight into at least the 13,000th part of the 
space it would oceupy in vacuo. 
been found that it may be compressed into a 
space sixty times less than that which it gener- 
ally occupies, it follows, that the space which it 
will possess, when most dilated to that which it 
occupies when condensed, will be nearly as 820,- 
000 to.one! The amazing force of this elastic 
‘power of the air, were it properly directed, might 
be made to act as a strong mechanical power, and 
there can be little doubt that many of the terrific 
operations of nature—such as earthquakes, vol- 
canoes, the rising of new islands from the bottom 
of the ocean, and the detachment of rocks and 
fragments of mountains amidst the ranges of the 
Alps, the Andes; and other mountainous regions 
—are.to be ascribed, at least to the partial opera- 
tion of this power, in combination with other 
physical agents. 

It has been a subject of inquiry among philoso- 
phers, whether the elastic power of the air is 
capable of being diminished or destroyed. Mr. 
Boyle endeavored to discover how long air-would 
retain its spring, after having assumed the great- 
est degree of expansion his air-pump could give 
it, but he never observed any sensible diminution. 
M. Desaguliers says, that air, which had been 
inclosed half-a-year in a wind-gun, had lost none 
of its expansive power; and Mr.)Roberval asserts 
that he has preserved air in the same ‘manner for 
sixteen years; and after that period, he observed 
that its projectile force was the same as if it had 
been newly condensed. 

Various causes have been assigned by philoso- 
phers to account for the elasticity of the atmo- 
sphere. The general opinion which now prevails 
is, that it depends upon the latent caloric, or 
principle of heat, which it contains, and which 
enables it to retain its fluid form; and that caloric 








And, as it has | 


‘are relieved. from this intense pressure. 
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is the a body in nature. But this is” 
only an explanation of elasticity bytan assump> 
tion of elasticity. It removes the difficulty only 
one step farther on, and leaves us still in the dar! 
as to the nature of elasticity, and the reason why 
calorie is endowed with an elastic power. In 
is, as well as in many other instances, we must 
rest contented in resolving it. into the will of the 
Deity, that such a property should be possessed 
by atmospheric air in order to accomplish some 
wise and beneficent purposes in the economy of 
creation. 

The elasticity of the air explains a variety of 
appearances in nature and art. For example, 
beer or ale, when bottled, contains in it a quan- 
tity of air, the elasticity of which is resisted by 
the pressure of the condensed air between the 
cork and the surface of the liquid. On removing 
the cork, the liquid and the air which it contains 
The 
liquid itself, not being elastic, is not affected by 
this; but the elastic force of the condensed air, 
which has been fixed in it, having no adequate 
resistance, immediately escapes, and rises in bube 
bles to the surface, and produces the frothy ap- 
pearance consequent upon opening the bottle. 
On a similar principle we may account for the 
following appearance. If a man fall into the 
water, and is drowned, the carcass in a few days 
rises and floats on the surface. The priyation 
of life, and the stagnation of the fluids, are soon 
followed by a putrid fermentation, which decom- 
poses the body. . This fermentation, disengages a 
great quantity of air, which is disseminated 
among the internal vessels, and as this air cannot 
escape, the body sweils by its expansion, until it 
becomes specifically lighter than the water, and 
rises to its surface. But, as the putrefaction goes 
on, the parts give way, the air escapes, and the 
body, being ‘thus rendered specifically heavier 
than the water, sinks to rise no more. It ig 
likewise by the elastic property of air that fishes 
are enabled to rise and sink in the water. They 
are furnished with an air-bladder, which they 
have the power of contracting or dilating at plea- 
sure. When the fish compresses this bladder, its 
whole volume becomes less, and it sinks in the 
water; when the. pressure is removed, the air in 
the bladder instantly expands, and it is enabled to 
rise to the surface. A variety of instances of a 
similar kind, illustrative of the elasticity of the 
air, might be exhibited: but instead of dwelling 
on these, we shall now proceed to another depart- 
ment of our subject 


CHAPTER V. 


THE HIGHT OF THE ATMOSPHERE; OR, THE ELEVATION TO WHICH IT EX- 
TENDS BEYOND THE SURFACE OF THE EARTH. 


Tue hight of the atmosphere is considered, by 
many writers and lecturers on this subject, as a 
point fully determined, and is treated as familiarly 
as the hight of the Andes, or the Alps, or of 
Mount Etna, or Mount Blanc. But the hight of 
the atmosphere has never yet been fully ascer- 
tained, and it is probable will never be accurately 
determined. If, indeed, the air were of an equal 
density, from the surface of the earth to the top 
of the atmosphere, its hight might be easily de- 
termined; for it is found by experiment, that the 
weight of a column of air extending to the top of 
the atmosphere is equal to the weight of a column 
of water of the same base and 32 feet high. Sup- 
posing water to be 840 times heavier than air— 
multiply 840 by 32 feet, and the product will be 
26,880 feet, or 5 miles and 160 yards for the hight 
of the atmosphere, were its density at every ele- 
vation exactly the same as at the surface of the 
earth. But we know that the density of the air 
decreases and is more rarefied and expanded the 
higher we go; and, from other considerations we 
know that it extends far beyond the limit now 
stated; so that this calculation can afford us no 
accurate idea of the hight to which the atmosphere 
extends. 

Another method, therefore, of determining this 
point was devised by philosophers, which ap- 
proaches nearer to the truth. It is found by ob- 
servation, that the sun is about eighteen degrees 
below the horizon before twilight comes to an end 
in the evening. Now, twilight is caused by the 
rays of the sun being refracted and reflected from 
the higher parts of the atmosphere to the earth; 
otherwise, we should be involved in total darkness 
at the moment the sun descended below the hori- 
zon. From this circumstance, the hight of the 
highest part of the atmosphere which is. capable 
of refracting the rays of light may be determined. 

Let F a B (fig. 5) represent the horizon. of an 


Fig. 5, 





observer at a; sD, a ray of light falling upon the 
atmosphere at p, and making an angle, s DB, of 
18° with the horizon; the angle s p a will then be 
162°. From the center c, draw c p, and it will 
be perpendicular to the reflecting particles at p, 
and will likewise bisect the angles pa. In the 


Vor. I1.—46 


right-angled triangle c p a, the angle cp A is 
equal to 81°; or, if we allow for refraction, 81° 
30’, a c, the radius, or half-diameter of the earth, 
is nearly equal to 4000 miles, Then by the rules 
of trigonometry, | 


3 





As the sine of the anglecDaA . 81°30 . 9.995203 
Is to the sideac. .. é * 4000 - 3.602060 
So is radius, sine of 90°. ; . - 10,000000 
To the side cn, 404434 miles, «3.606857 


From cp, equal to the semidiameter of the earth 
and atmosphere, subtract c a, or the semidiameter 
of the earth, and the remainder, & p, equal to 4414 
miles, will be the hight of the atmosphere. In 
this operation, the logarithms of the second and 
third terms of the proportion are added, and the 
logarithm of the first term subtracted from the 
sum. 


Thus 3.602060 








10.600000 _ 

13,602060 

9.995203 

3.606857 
The same result is produced by the following 
proportion:— S 
As Radius . 10.000000 
Istoa c 4000. : : . . . - 3.602060 
So is the secantof AcD=8%9. i + 10.004800 
Tocpv=40444% . : . : ° ° -  3,606860 


It appears, then, that in ordinary cases, the air, 
at the hight of forty-four miles and a half, is ca- 
pable of reflecting to us the rays of light. But, 
as a sensible illumination has been perceived when 
the sun is much farther below the horizon than 
what has been now stated, there is some reason 
to conclude, that the air is sufficiently dense for 
reflecting a sensible degree of light at the hight 
of nearly two hundred miles. 

Various considerations, founded on meteoric 
phenomena, serve to prove that the atmosphere 
extends to a much higher elevation than forty- 
four or fifty miles. In the year 1719, a remark- 
able luminous meteor, or fire-ball, was seen, 
whose altitude was computed to be seventy-three 
miles above the surface of the earth. On the 
18th of August, 1783, a brilliant fire-ball passed 
over Britain and the adjacent countries; and, from 
various circumstances which were particularly 
marked by different observers, it was calculated 
that its elevation above the earth could not be less 
than ninety or a hundred miles. In passing over 
certain parts of England a loud report was heard 
and a hissing noise. The meteor of 1719 is said 
to have been attended with an explosion, which 
was heard over the whole island of Great Britain, 
occasioning a’violent concussion of the atmo- 
sphere, and seeming to shake even the earth itself. 
Now, in these, and multitudes of similar pheno- 
mena, we have instances of fire and flame being 
supported, and sounds conveyed to the earth from 
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a hight of ninety or a hundred miles; and, conse-, 
quently, even in these elevated regions, notwith- 


standing the great rarefaction of the air, it must 
still have the power of supporting flame and pro- 
pagating sound. Even although the fire-balls 
alluded to be supposed to consist of! electrical 
matter—which is the’ general opinion—yet the 
difficulty is not thereby removed; for, it is found, 
by some late experiments, that the'electrical fire 
cannot penetrate a perfect vacuum. © And, there+ 
fore, there is reason to conclude, that we are still 
ignorant of the precise extent of the atmosphere, 


and of the nature of the fluids which occupy its’ 


superior regions. That the meteors now referred 
to, however elevated, were not beyond the limits 
of the atmosphere, appéars from this considera- 
tion, that the atmosphere revolves with the earth 


in its course round the sun, at the rate of 68,000: 


miles an hour.’ Now, as the meteor of 1783 
moved from north to south, if it had been beyond 
the limits of the atmosphere, it would have been 
left, in the course of a minute, more than a thou- 
sand miles-to the westward, by the earth flying 
out before it, both in its annual and diurnal 
course. ! 

In short, it appears not altogether improbable 
to suppose, that the visible universe is filled with 
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some fine elastic fluid or air, but of such rarity 
as to be no sensible hindrance to the celestial orbs 
in their rapid motions through the regions of 
space; and that this fluid accumulates itself around 
every planetary body, in proportion to the quan- 


| tity of matter it contains—the larger bodies at- 


tracting more of it and the smaller bodies less; 
and thus forming an atmosphere around each, 
corresponding to its nature and destination. And, 
if this be the case, the atmosphere of the earth 
can have! no definite boundary, but may be said 
to mingle with the atmospheres of all the other 
planets which belong to our system. There isa 
certain portion of atmospheric air, however, which 
must always be considered as :attached to the 
earth, and which revolves with it in its diurnal 
rotation, and is carried along with it in its course 
round the sun. If the atmosphere did not revolve 
along with the earth, we should constantly expe- 
rience an easterly wind, blowing with an immense 
velocity of more than a thousand miles an hour, 
which would produce'a most tremendous hurri- 
cane, which would level with the ground houses, 
trees, forests, and every prominent object on the 
surface of the earth. But the particular region. 
where the motion of the atmosphere terminates, 
it is impossible for us to ascertain. 


CHAPTER VI. 


THE COMPOSITION OF THE ATMOSPHERE. 


For a long series of ages, air was considered by 
philosophers as one of the four elements of which 
all things are composed, the other three being fire, 
earth, and water. But the discoveries of modern 
chemistry have fully demonstrated that all these 
ure compound bodies—that even the air itself, fine 
and invisible as it is, is not a simple substance but 
compounded of different ingredients. This is one 
of the most curious and interesting discoveries of 
modern times; and little more than seventy years 
have elapsed since it was. first surmised that the 
atmosphere is not a simple and homogeneous, but 
a compound fluid. The experiments which led 
to this discovery were first made by Dr. Priestley, 
on the lst of August, 1774, on which day he ob- 
tained what was then termed dephlogisticated air, 
now known by the name of oxygen gas, and 
which forms one of the constituent principles 
of ‘atmospheric air. It was also discovered in 
the year 1775, by M. Scheele, a Swedish chemist, 
without any previous knowledge of what Dr. 
Priestley had done, and he gave it the name of 
empyreal air, from its powerful influence in sup- 
porting flame.’ But, instead of entering into the 
history of such discoveries, and of the processes 
by which they were made, a few of the properties 
possessed by the different ingredients of which 
our atmosphere is composed may be simply stated. 

The air of the atmosphere, then, is found to 
consist chiefly of two very opposite principles or 
fluids, termed oxygen gas, and nitrogen gas, along 
with a very small proportion of fixed air or car- 
bonic acid gas. If any portion of the atmosphere, 
such as the air in our apartments, be supposed to 
to be divided into a hundred equal parts, twenty- 
one of these parts will be oxygen gas, about 
seventy-eight nitrogen, and a hundredth part, or 





according to some chemists, a thousandth part will 
be fixed air, or carbonic acid gas. In the first 
place, a few remarks shall be offered on the nature 
and properties of oxygen gas. 

This gas, like common air, is colorless, invisible, 
and elastic, and capable of indefinite compression 
and expansion. Its peculiar and distinguishing 
properties are:—Ist. It is essential to combustion, 
and is the only principle with which we are ac- 


‘quainted by which flame can be supported. When 


acting by itself, it produces the most rapid con- 
flagration of all combustible substances. If a 
lighted taper be let down in a jar of oxygen gas, 
it burns with such splendor that the eye can 
scarcely bear the glare of light, and, at the same 
time, produces a much greater heat than when 
burning in common air. If a piece of iron wire, 
a watch-spring, or a steel file, armed wi&: a. piece 
of wood, or phosphorus in an inflammable state, 
be put into this gas, the steel will take fire, throw- 
ing out sparks, and producing the most brilliant 
appearance, almost dazzling the eye with their 
splendor. In the next place, it is essential to the 
support of animal life; for it has been proved by 
many experiments, that no animal can exist for’a 
single momentin any kind of air which does not 
contain a certain portion of oxygen; so that man, 
and all the other ranks of animated beings, may 
be said to depend upon this substance, not only 
for their, comforts, but for their very existence. 
Again, the basis of oxygen gives the acid cha- 
racter to all mineral and vegetable salts, from 
which property its name is derived; for the term 
oxygen literally signifies, the generator of acids, 
In short, oxygen is the vehicle of heat to the ani- 
mal system—it imparts the red color to the blood 
in its passage through the lungs~it constitutes 
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the basis both of the atmosphere which surrounds 
the earth, and of the oe which forms its rivers, 
seas, and oceans; for water is found to be nothing 
else than a combination of two kinds of air, oxy- 
pen and hydrogen gas. It pervades the substance 


of all the vegetable tribes, and enables them. to| 


aieie SS their functions. In combination with 
the different. metals, it serves the most important 
purposes in the useful arts; and, on the whole, 
may be considered as the most extensively useful, 
and the most powerful and energetic agent.in the 
system of nature. 

Oxygen gas may be procured from a variety of 
substances, particularly from niter, manganese, 
and the red oxyde of mercury, and also from ve- 

etables immersed in water and exposed to the so- 
arrays. It is heavier than common air, nearly 
in the proportion of eleven to ten; one hundred 
and sixteen cubic inches of oxygen are found to 
weigh about thirty-nine grains, while the same 
quantity of common air weighs only thirty-five 
and a half grains. 

One of the most extraordinary effects’ of oxy- 
gen appears when it is combined with nitrogen 
in.a certain proportion,so as to form what is com- 
monly called nitrous oxyde. This gas consists 
of sixty-three parts nitrogen and thirty-seven 
parts oxygen. When it is put into a bladder, and 
inhaled into the lungs, by means of a pipe, and 
shutting the nostrils, it produces an extraordinary 
elevation of the animal spirits—involuntary mus- 
cular motion—a propensity to leaping and dancing 
involuntary bursts of laughter—a rapid flow of 
vivid and agreeable ideas, and a thousand delight- 
ful emotions; without being succeeded by any sub- 
sequent feelings of languor or debility. When 
Mr. Southey, the poet, inhaled this’ gas, he declar- 
ed that it produced in him sensations perfectly new 
and delightful. His first sensations were a kind 
of dizziness, so as to produce a fear of falling. 
This was succeeded by a laugh, which was invo- 
luntary but highly pleasurable, accompanied with 
a peculiar thrilling in the extremities. perfectly 
new, and with the most delightful sensations. For 
many hours after this experiment, he imagined 
that his taste and smell were more acute, and is 
certain that he felt unusually strong and cheerful. 

In Professor Silliman’s American Journal of 
Science, we have the following account of the ef- 
fects of this air on one of the professor’s stu- 
dents, at Yale College, New Haven. “The person 
on whom the experiment was made, was a man of 
mature age and of a grave character. For nearly 
two years previous to his taking the gas, his health 
was so very delicate, and his mind so gloomy and 
distressed, that he was obliged almost entirely to 
discontinue his studies. In this state of debility, 
he inhaled about three quarts of the nitrous oxyde. 
The consequences were, an astonishing invigora- 
tion of the whole system, and the most. exquisite 
perception of delight. These were manifested by 
an uncommon disposition for mirthand pleasantry, 
and by extraordinary muscular power. The ef- 
fects of the gas were felt without diminution for 
at least thirty hours; and in a greater or less de- 
gree for more than a week. But the most re- 
markable effect was upon the organs of taste. 
Before taking the gas, he felt no peculiar choice’ 
in the articles of food; but,immediately after that 
event, he manifested a taste for such things only 
as were sweet, and, for several days, ate nothing 
but sweet cake. His singular taste was, indeed, 
carried to such excess, that he used sugar and 
molasses, not only upon his bread and butter and 
lighter food, but even upon his fresh meat and ve- 
getables; and this ho continues to do (says the 
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narrator) at the present time, although eight days 
have elapsed-since he inhaled the gas. . His health 
and spirits since that time have been uniformly 
good, and he attributes the restoration of strength 
and mental energy to the influence of the nitrous 
oxyde. He is quite regular in his mind, and now 
experiences no uncommon exhilaration, but is ha- 
bitually cheerful, whereas, before, he was habitual- 
ly grave, and even, to a degree, gloomy and me- 
jancholy.’? : 

The writer has inhaled this gas, and can attest 
its pleasing and exhilarating effects. It produced 
a disposition to laughter, which no consideration 
could resist, and a wish to flee from the apartment 
in which the experiment was performed, that 
laughter might be indulged without restraint. It 
produced, likewise, an agility and a tendency to 
skip and jump; and, during its effect, a flow of 
pleasing ideas passed through the mind, and the 
lapse of a few seconds seemed to be magnified in- 
to as many hours. He has witnessed its effects 
both on-the male and on the female sex. He has 
seen a little grave man, possessed of a meek and 
well-cultivated mind, capering through the room 
with all the airs of a king, brandishing his. staff, 
and jumping until his head nearly touched the 
ceiling of the room, about eight feet high. When, 
afterward, asked why he brandished his stick, 
as if he had been going to fight, he replied, that he 
imagined there was a beautiful and extensive scene 
before him, which he wished to approach; but was 
prevented by the company around him, and, there- 
fore, was obliged to clear his way, like a policeman 
when keeping off a crowd. The. writer has, also, 
seen a female rapt into perfect ecstasy in conse- 
quence of the feelings she experienced, expressing 
her emotions in the most poetic exclamations, and 
tossing her shawl, her head-dress, and her slippers, 
from her as unworthy of attention, and altogether 
regardless of the looks and opinions of surround- 
ing spectators. But, in order that this gas may 
produce its full effect, it requires some attention 
and dexterity in breathing it.. The nostrils must 
be stopped, and no atmospheric air, if possible 
should beallowed to mix with the nitrous oxyde. 
For want of attending to such precautions, some 
persons who attempt to breathe it never felt its 
peculiar effects. 

It has been ascertained from various experi- 
ments, particularly from those made by the late 
Sir Humphrey Davy, that the nitrous oxyde pre- 
duces a somewhat similar effect upon insects, and 
other animals, which are found to jump and caper 


about in a frolicsome manner, as if highly de- 


lighted, when immersed in this gas. 

These, and other effects, arising from the breath- 
ing of this very singular fluid, show us with what 
ease the Almighty could produce in us either the 
most delightful or the most painful sensations, 
merely by a slight modification or change of the 
principles of which the atmosphere is composed. 
Certain, combinations of oxygen and nitrogen gas 
would produce a fluid, which would inflict the 
most excruciating pain, and destroy the corporeal 
system in a few minutes. Sulphuric acid, or 
aquafortis, a most deadly fluid, when taken into 
the mouth or stomach, is:composed of seventy- 
five parts oxygen and twenty-five parts nitrogen, 
which is only a different. proportion of the same 
ingredients which constitute the air we breathe. 
Were, therefore, our atmosphere composed of 
such a proportion of these two gases, it is easy to 
foresee the fatal consequences which would result 
from breathing such a fluid. On the other hand, 
we may learn how an intelligent mind connected 
with a corporeal frame, somewhat analogous to. 
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ours, may be preserved in a state of ,uniform, 
cheerfulness, and even of exquisite delight, by 


breathing an atmosphere somewhat similar to | 


that of nitrous oxyde. In other worlds, where 
the inhabitants have retained their original integ- 
rity, this may be the case. .The other planets of 
our system or of other systems, although encom- 
passed with atmospheres, may have them of very 
different qualities from ours, as to their transpas 
rency, their refractive and reflective powers, and 
the influence they produce on -the me and 
corporeal constitution of their inhabitants. Our 
atmosphere exhibits evident sof Divine wis- 
dom and benevolence; but it is adapted to man 
considered as in a state of depravity and imper- 
fection, and appointed toa short mortal existence, 
and is not fitted to preserve him in an immortal 
existence in the present state, as was probably the 
case when this world was first arranged, and 
when man proceeded from the hands of his Crea- 
tor as a holy being. 

The next component part of the atmosphere is 
nitrogen gas, or what is sometimes termed azote. 
It is chiefly distinguished by its bg Niele qualities. 
In the first place, no combustible body will burn 
in it; for, if a burning candle be immersed ina 
jar filled with nitrogen, it-will be extinguished as 
instantaneously as if plunged in water. If a light- 
ed taper be put into a close vessel full of common 
air, it will burn until all the oxygen be consumed, 
after which, as nothing but nitrogen remains, it 
will instantly go out. In the next place, it is in- 
capable of supporting animal life; for, if any liv- 


ing being be obliged to respire it, it drops down | 


dead almost instantaneously; and, from this cir- 
cumstance it derived the name of~azote, which 
signifies life-depriver. It is this gas which passes 
from the lungs at every expiration; and, were we 
to breathe it again, without any mixture of othér 
air, we should be instantly suffocated. But, being 
lighter than atmospheric air, it rises above our 
heads, and enters into. new combinations. It is 
owing to the presence of this gas, rising from 
several hundreds or thousands of lungs, that can- 
dles burn so dimly in the higher parts of crowded 
churches and assemblies. It is, therefore, a strik- 
ing consideration, that nearly four-fifths of the 
air we breathe consists of this noxious and de- 
structive fluid. But, though it is destructive to 
animal life, it forms an important element in the 
system of nature: it enters extensively into com- 
bination with other substances; and its existence 
in such a large quantity is a chief distinction 
between the constitution of animal and vegetable 
matter. It likewise exists in the products of seve- 
ral vegetables, and appears to be favorable to plants 
and flowers, which vegetate freely when surround- 
‘ed with nitrogen. This gas is permanently elas- 
‘tic, transparent, colorless, and inodorons. — Its 
specific gravity is 0.9748, that of common air 
being 1.0000; and one hundred cubic inches of it 
weigh about thirty grains. It slightly tinges deli- 
cate blue colors with green, 

The other ingredient mentioned as forming a 
small portion of the atmosphere, is carbonic acid 
gas, or what was formerly called fixed air. This 
gas constitutes about a hundredth or, according 
to some chemists, about a thousandth part of the 
atmosphere. It is found in a state of combination 
with limestone, chalk, marble, manganese, and 
other substances, from which it may be extracted 
by the application of heat, or of the mineral acids, 
and in considerable abundance in mines, caves, 
the bottom of wells, in wine-cellars, brewers’ 
vats, and in the neighborhood of lime-kilns. It 
is invisible and elastic, and is the heaviest of all 
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the gases, being considerably heavier than com- 
mon air; and, therefore, may be poured from one 
vessel to another, like water. Its specific gravity 
is 1.5123, that of common air being reckoned 
1,0000, so that .its gravity is more than one and a 
half that of atmospheric air. One hundred cubic 
inches of oxygen weigh nearly thirty-four grains, 
while one hundred cubic inches of carbonic acid 
weigh more than forty-six and a half grains. It 
is this gas which has deprived of life many indi- 
viduals who have descended into deep wells which 
had been long shut up from the air, and which 
produces so many ravages in coal-mines, under 
the name of the choke-damp; for it is almost in- 
stantaneously fatal to all animals that breathe it, 
Wherever it is found, it always occupies the low- 
est place, on account of its superior weight; and, 
therefore, in those caves where it abounds, a per- 
son may walk erect without danger; but, were he 
to lie down, he would be instantly suffocated. 
The Grotto del Cani, or the Dog’s Grotto, in 
Italy, is well known. It is an artificial cave, in 
which there is a constant natural exhalation of 
carbonic-acid gas. The following feat is shown 
to strangers:—A man carries in a dog, and places 
him on the floor; the dog, if left long enough, 
dies; but the man is not affected; for the carbonic- 
acid gas, by ils weight, occupies the lowest stra+ 
tum of about eighteen inches depth, and the 
stratum above that hight is pure air. But that it 
is poisonous to man, is evinced by the fate of per- 
sons who incautiously expose themselves to the 
vapors of charcoal burning in ill-ventilated apart- 
ments, or who venture into large vessels, in which 
fermentation had been conducted, as in breweries 
and distilleries: Many persons, from ignorance 
of the prevalence’ of this gas in the vicinity of 
lime-works, have lain down to repose, and in a 
short time have slept the sleep of death. As this 
gas is destructive to animal life, so it extinguishes 
flame. This can be strikingly shown by letting 
down a burning taper to the bottom of a glass 
jar, filling a bottle with carbonic-acid gas, and 
pouring it as if it were water into the jar; the 
flame is immediately extinguished. It is this gag 
which gives briskness and an agreeable pungency 
to fermented liquors, as porter and ale, and which 
appears on their surface in the form of a white 
froth. All kinds of spring and well-water con- 
tain carbonic-acid, which they absorb from the 
atmosphere, and to which they are partly indebted 
for their agreeable flavor. Boiled water has an 
insipid taste from the absence of carbonic-acid. 

The base of carbonic acid gas is distinguished 
by the name carbon, which is nearly allied to 
charcoal. It exists largely in animal substances, 
and is extensively distributed in the mineral king- 
dom. The only body in which carbon has been 
found to exist in a state of absolute purity, is the 
diamond—a precious stone which has always 
been esteemed as the most valuable of the gems; 
a superiority which it owes to its hardness, luster, 
and high refractive power. It uniformly occurs 
crystallized, and presents a great variety of forms. 
Its specific gravity is 3,5, water being 1. Its 
hardness is extreme, so that it can be worn down 
only by rubbing one diamond against another, 
and is polished only by the finer diamond powder 
The diamond, by being intensely heated with a 
burning-glass in oxygen gas, burns with a bright 
red light, and converts the oxygen into pure car. 
bonic-acid gas, as charcoal does.. Carbonic-acid 
gas is, therefore, to be considered 'as'a solution of 
diamond in oxygen gas, even when it is prepared 
by the combustion of mere charcoal. It may not 
be altogether useless to remark, that in all placea 


iis 


* ‘ 


» . ’ r s a 


such ag wine-cellars, vaults, and deep wells, where 
the presence of carbonic-acid gas is suspected, it 
is proper to use the precaution of trying whether 
a candle or taper will burn in such places before 
we venture into them. If it be a deep well that 
requires to he cleaned, a burning candle should 
be let down with a cord, and if it go out before 
reaching the bottom of the well, no person ought 
to venture down before the noxious air is removed. 

Such, then, are, the three constituent principles 
of the atmosphere ‘in which we live and breathe. 
We ought not, however, to conceive that the 
principles which form our atmospheré, and the 
proportion in which they are combined, constitute 
the only fluid which is fitted for supporting ani- 
mal life and vigor. It is a fluid which seems to 
be adapted only to mortal men, and calculated to 
support the vital functions only to the period of 
eighty or one hundred years. It is not at.all im- 
probable, that it is owing to the large proportion 
ef nitrogen which enters into the composition of 
the atmosphere that renders it unfit for supporting 
human life beyond a certain short and limited 
period; and that, were a much larger quantity of 
axygen combined with other gases, in a certain 
proportion, and some slight changes effected in 
the other elements of nature, the lives of men 
and other animals might be protracted to several 
hundreds or thousands of years, and their spirits 
preserved, at the same time, in uninterrupted 
cheerfulness and vigor. Nor is it altogéther im- 
probable that, in the course of those improve- 
ments which are now commencing throughout 
the world, the air of our atmosphere may be great- 
ly ameliorated, and rendered more salubrious and 
invigorating to animated beings, when the stag- 
nant marshes which abound in every part of the 
globe shall be completely drained; when those 
immense forests which now cover a great part of 
Asia, of New Holland, and of the continent of 
America, shall be cut down, and the soil laid open 
to the influence of the solar rays—when the reefs 
which are now rising from the ocean, by the 
agency of minute creatures, shall be formed into 
continents and islands—when the barren deserts 
of Africa shall be transformed, by human science 
and industry, into fruitful fields—when the soil 
throughout every region of the globe shall be 
universally cultivated—when those immense thick- 
ets and jungles where the lion and the tiger now 
roam undisturbed, shall be changed into corn- 
fields, gardens, and orchards, and become the seats 
of civilization and of peace—in short, when the 
whole earth shall form one wide scene of rural 
and architectural beauty—we have every reason 
to believe that then the different climates of the 
earth will be greatly meliorated; that the fury of 
those storms which now carry destruction in their 
train will be greatly abated—and that the very 
atmosphere round us will be so modified, puri- 
fied, and improved, as to render it capable of 
prolonging the life of man for perhaps two or 
three hundred years. Such effects correspond to 
what is predicted respecting the state of the 
world during the millennium, when the instru- 
ments of warfare shall be beaten into plowshares 
and pruning-hooks; when peace shall reign tri- 
umphant over the world, and when every man 
shall sit under his vine and fig-tree without fear 
of annoyance. At which period it is predicted, 
that the life of man shall be extended beyond its 
present boundaries. For thus saith Jehovah, “As 
the days of a tree* are the days of my people”’— 





. * Certain species of trees are said to continue in vigor 
during a period of five hundred years, as the oak and several 
other trees, 
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‘they shall build houses and inhabit them; and 
they shall plant vineyards and eat the fruit of 
them; ..:. and mine elect shall long enjoy the 
work of their hands.’? “Then shall the earth 
yield her increase; and God, even our own God, 
shall bless us.’ 

All the operations and ameliorations now al- 
luded to are perfectly practicable, were the moral 
state of man improved. Could we undermine the 
ptinciple of avarice and selfishness in the human 
heart; could we promote a spirit of harmony and 
general benevolence among human beings; and 
were the whole body of mankind to exert their 
powers in unison, in the cause of universal im- 
provement—this earth, which, in many places, 
appears like a world in ruins, might, ere long, be 
transformed into one wide terrestrial paradise. 
But principles and dispositions directly opposite 
to these have, for the most part, hitherto prevailed. 
The present state of the moral world, and the 
infernalypassions which have raged among man- 
kind for ages past, have rendered it expedient, in 
the moral government of the Almighty, that the 
life of man should not extend much beyond “ three- 
score years and ten,” in order that wickedness 
may be kept within certain bounds. And, there- 
fore, no-extraordinary or extensive improvements . 
in science and art, or in the general cultivation of 
the earth, can be expected until the moral powers 
of man be cultivated and improved along with the 
intellectual; until the religion of Jesus be uni- 
versally recognized in all its bearings; until its 
holy principles and practical precepts pervade 
every heart; and until a spirit of love, kindly 
affection, and benevolence distinguish the general 
mass of society in every, land. 

But, to return from this digression, it may be 
further remarked, that it is highly probable that 
the component parts of the atmosphere, in the 
ages before the flood, were very different from 
what they now are, and that it was owing to the 
peculiar constitution of the air which then ex- 
isted, that the lives of the antediluvians were pro- 
longed to nearly a thousand years. At the period 
of that awful catastrophe, when the fountains of 
the great deep were broken up, and the windows 
of heaven were opened, and the solid strata of the 
earth disrupted, itis probable that the atmosphere, 
too, underwent an important change by the disso- 
lution of some of its elementary parts, so that it 
had a tendency to cut short the lives of mankind 
in- all succeeding ages; and, until the ruins which 
were produced by that physical convulsion be in 
some measure repaired, the same cause will pro- 
duce the same effects. 

In short, an atmosphere is not peculiar to the 
globe on which we dwell. We know, from 
observation, that the planets Mars, Venus, and 
Jupiter, are furnished with atmospheres; and it is 
probable that every planetary world has a similar 
appendage. But their nature may be as different 
from ours as are the nature of their inhabitants 
and the constitution of the globes on which they 
reside. While our atmosphere is fitted only to 
prolong the lives of mortal men for a limited 
number of years, the atmospheres of some of the 
other planets may be so impregnated with the 
vital principle as to support immortal bodies in 
undecaying vigor, and to cause such an elevation , 
of spirits as will produce uninterrupted ecstasy 
and delight. And all this may be effected by the 
same elementary principles of which our atmo- 
sphere is composed, but differently modified and 
compounded by the hand of the Almighty. The 
experiments with nitrous oxyde, formerly men- 
tioned, show us what striking effects may be 
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produced by different combinations of the gaseous 


fluids; and, therefore, it is not improbable that the’ 


atmospheres of all the worlds in the universe are 
only different modifications of these substances, 
suited to the constitutions of their inhabitants, 
and the spheres they occupy in creation. In the 
operations of the Almighty throughout the system 
of nature, we perceive a striking simplicity in the 
means, producing an infinite variety of astonishin 

results. From a few simple substances—caloric, 
light, water, air, and carbon—are proved all the 
diversity of forms and colors which appear among 
the sixty thousand species of plants which adorn 
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‘the vegetable ‘kingdom, and almost all the diver- 
sified phenomena of su Lager nature. And it 

ifferent combinations of 
these, and a few other substances, produce all that 
variety which appears throughout the boundiess 
universe; and may give birth ‘to all the changes 
and revolutions through which. the different sys- 
tems of creation may pass during every period of 
infinite duration. For He who arranged the sys- 
tem of universal nature “ is wonderful in counsel, 
and excellent in working’’—“his wisdom is un- 
searchable,’’ his power irresistible, and the ways 
of bia providence “ past finding out.’” 
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CHAPTER Yl. 


THE BENEFICIAL EFFECTS OF THE ATMOSPHERE IN THE SYSTEM OF NATURE. 


Tus subject presents an immense field of con- 
templation, which it would require several volumes 
fully to illustrate: and, therefore, a few general 
statements and illustrations can only be given. 

1. In the first place, air is essentially requisite 
to the germination and growth of plants; and, 
therefore, to the influence of atmospheric air all 
the beauties, of the vegetable creation are to be 
chiefly ascribed. By experiment, it is found that 
the access of atmospheric air is no less necessary 
for plants than it is for the continuation of animal 
life. Like animals, they are found to die when 
confined within a vacuum, or deprived of the vital 
air. The influence of the atmosphere is equally 
essential at every period of their existence, from 
the germination of their seeds to the full develop- 
ment of all their organs in the perfect plant. 
Their leaves, acting in some measure like the 
lungs of animals, absorb oxygen gas during the 
night, and carbonic-acid gas during the day; and 
this alternate. process is found to be essential to 
their growth and nourishment. Even the green 
color of plants, which is produced chiefly by the 
influence of light, is proved not to be perfected 
without the co-operation of oxygen gas. It is found 
that pure air, or oxygen gas, may be procured by 
putting the leaves of plants into water, and ex- 
posing them to the sun. In purifying contami- 
nated air, Dr. Priestly discovered that vegetables 
answered this purpose most effectually. Having 
rendered a quantity of air very noxious, by mice 
breathing and dying in it, he divided it into two 
receivers, inverted in water, introducing a sprig 
of mint into one of them, and keeping the other 
receiver, with the contaminated air in it, alone. 
He found, in about eight or nine days after, that the 
air of the receiver into which he had introduced the 
sprig of mint had become respirable; for a mouse 
lived very well in this, but died immediately upon 
being introduced into the other receiver, contain- 
ing the contaminated air alone. It is likewise 
proved by experiment, that the simple component 
principles which are essential to the formation of 
vegetable matter are but three in number, namely, 
carbon, oxygen, and hydrogen; and these ‘form 
the bases of carbonic-acid gas, oxygen gas, and 
hydrogen gas. Irom the various proportions in 
which these ingredients are combined, results al- 
most all the variety of vegetable matters which 
fall under our notice. : 

To the atmospheric influence, therefore, we are 
indebted, for all the productions of our fields and 





gardens, and for all that diversity of prospect and 
coloring which the yegetable tribes spread over 
the landscape of the world. It is true, indeed, 
that water is also necessary for the production of 
plants. But what is water? It is nothing else 
than a composition of two ‘Kinds of air, oxygen 
and hydrogen, combined in certain proportions, 
Now, it is found that plants have the power 
of decomposing water into these two principles, 
throwing off a part of the one, and absorbing 
a part.of the other. ‘The elasticity of the air 
has likewise an important influence on the air- 
vessels. of vegetables; for the contained ‘air, al- 
ternately expanding, and contracting, according 
to the increase or diminution of the heat, al: “ 
nately presses the vessels, and eases them again, 
thus keeping up a perpetual motion of their 
juices. It has likewise been ascertained, from 
recent experiments, that the pressure of the at- 
mosphere has a powerful influence on vegeta- 
tion, which suggests to us one of those causes 
which prevent trees from flourishing on the ele- 
vated sides of lofty mountains. 

2. The pressure of the atmosphere has an influ- 
ence in preserving water in the state in which we 
find it. Nothing is of more importance to the 
comfort of man and other creatures, and to almost 
all the processes of the arts, than water—without 
which our globe would be transformed into an 
immense desert. But, if there were no utmo- 
sphere, all the waters on the face of the earth 
would boil, and be evaporated with a very slight 

gree of heat. The ocean would be drained to 
its lowest. caverns, the rivers would cease to flow, 
the springs would be dried up, and the whole sur- 
face of the land exhausted of that moisture so 
essential to the existence of the animal and vege- 
table world... Indeed, it is not improbable, that all 
the substances on the earth, solid as well as fluid, 
would be dissipated into vapor. That such effects 
would actually take place, appears from a variety 
of experiments. If we fill a long-necked bottle 
with boiling water, and cork it close, so as to ex- 
clude the air, and place it in a basin of cold water, 
the water will sink in the neck of the bottle as it 
cools. This shrinking of the water will produce 
a vacuum in the upper part of the bottle, and the 
water within it will be seen to recommence boil- 
ing with great violence, which can arise from no- 
thing but the cork taking off the pressure of the 
atmosphere from the water. In like manner, if 
we place water that has been cooled severab de- 
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pump, it will begin ‘to boil as soon as the air is 
exhausted. It requires a heat of 212° of Fahren- 
heit’s thermometer to make water bol under the 
common pressure of the atmosphere; but in the 
exhausted receiver of an air-pump, it boils when 
heated to only about 67°. The phenomenon ex- 
hibited by what is called the pulse-glass, is also 
owing to the same cause. This glass, having two 
bulbs, is-partly filled with spirits of wine, the air 
is extracted, and the glass hermetically sealed; 
and when the hand is applied to one of the bulbs, 
it causes a heat which. produces an ebullition in 
the spirits of wine. It is likewise owing to this 
pressure that porter, ale, and other fermented 
liquors are preserved in bottles; without which 
they would either rush with violence out of their 
mouths, or burst them to pieces. It is owing to the 
same power that boiling water is preserved in our 
pots and kettles, when used in cooking, without 
the influence of which it would soon dilate itself, 
rush over the vessels, and be dissipated into vapor. 

3. It is to the atmosphere we are indebted for 
the action of fire and flame. Fire is essentially 
necessary to human existence, even in the warm- 
est climates of the globe. By its means the in- 
habitant of the desert frightens from his dwelling 
the beasts of prey, and drives away the insects 
which thirst for his blood. By its means also, 
man, in every country, prepares his food, dis- 
solves the metals, vitrifies rocks, hardens clay, 
softens. iron, tempers steel, and gives to all the 
productions of the earth the form and combina- 
tions which his comfort and necessities require. 
But, without the vital air, no flame can be extri- 
cated, nor fire made to burn. This is proved by 
putting a burning taper within the receiver of an 
air-pump,.and when the air is extracted it is in- 
» stantly extinguished. The act of combustion 
effects an analysis of the air; it separates» its 
component parts: the oxygen of the atmosphere 
combines with the combustible body; caloric, in 
the form of sensible heat, is thrown off in every 
direction; and therefore, where no oxygen exists, 
it is imposssible to make even the most combusti- 
ble body produce heat or flame.’ 

4. It is on the influence of the atmosphere that 
respiration of all animals depends. ‘The process of 
respiration is carried on by means of the lungs. 
These are distinguished into right and left: he 
right, or larger lung, is divided into three lobes; 
the left or smaller, into two. The internal fabric of 
the lungs is composed of an infinite number of 
small membranous cells, full of air, communicat- 
ing with one another, the number of which Dr. Keil 
and other anatomists have computed to be at least 
1,744;000,000, that is, one thousand seven hun- 
dred and forty-four millions. The air from with- 
out rushes into these vesicles, and is again ex- 
pelled 1200 times every hour: and during the 
same time we consume about 48,000 cubic inches 


of air, or, at the rate of seventy-seven wine 
hogsheads in a day. The chief uses of respira- 


tion are—l, to bring the blood in contact with 
the air; 2, to effect certain changes in the mass 
of the blood; and 3, to produce animal heat. 
Accordingly, the lungs are so constructed as to 
allow the largest possible quantity of deteriorated 
blood to enjoy the fullest intercourse with the 
largest possible quantity of vital air. It has been 
calculated by Dr. Hales, that each air-cell \is the 
one-hundredth part of an inch in diameter, and 
that the amount of surface furnished by them, col- 
lectively, is equal to twenty thousand square inches. 
Others have estimated the surface to be more 
than 1500 square feet; and Dr. Monro states, that 
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it is thirty times the surface of the human body. 
From numerous experiments, itshas been found 
that the blood perpetually receives oxygen gas 
from the atmosphere by the agency of the lungs, 
and that its red eolor is deti¥ed from this source. 
The blood is purple when it arrives at the lungs 
from the heart; but, having there thrown off 
hydrogen and carbon, it imbibes the vital air of 
the atmosphere, which changes its dark color to 
a brilliant red, rendering it the spur to the action 
of th reart and arteries, and the source of mo- 
tiomy of animal heat. The blood is thus in- 
debted every moment to the invigorating influ- 
ence of the atmosphere, without which the-heart 
would cease to beat, the circulating fluids would 
stagnate, and the body become a cold, putrid 
mass, without sensibility or motion. 

The following are some of the results of ex- 
periments in relation to this subject, lately per- 
formed by Dr. S. Smith, “1. The volume’ of 
air ordinarily present in the lungs is twelve 
English pints. 2. The volume of air received by 
the lungs, at an ordinary inspiration, is one pint. 
3. The'volume of air expelled from the lungs, at 
an ordinary-expiration, is a little less than one pint. 
4. Of the volume of air received by the lungs at 
one inspiration, only one-fourth part is decom- 
posed at one action of the heart, and this is so 
decomposed, in the five-sixth parts of one second 
of time. 5. The blood circulates through the 
system, and returns to the heart in one hundred 
and sixty seconds of time, which is exactly the 
time in which. the whole volume: of air in the 
lungs is decomposed. These circuits are performed 
every eight minutes; five hundred and forty cir- 
cuits are performed every, twenty-four hours. 
6. The quantity of blood that flows to the lungs, 
to be acted upon by the air at one action of the 
heart, is two ounces, and this is.acted upon in 
less than one second of time. 7. The quantity 
of blood in the whole body of the human adult is 
twenty-four pounds avoirdupois, or twenty pints. 
8. In twenty-four hours, twenty-four hogsheads” 
of blood are presented to the Jungs, to receive the 
influence of the vital air. 9. In the mutual ac- 
tion which takes place between the quantities of 
air and blood which come in contact in twenty- 
four hours, the airloses three hundred and twenty- 
eight ounces of oxygen, and the blood, ten ounces 
of carbon.” 

Such are the wonderful processes in reference 
to respiration as dependent on the atmosphere. 
When we reflect that a stratum of blood, several 
hundred feet in surface, is exposed to a stratum 
of air still more extensive, and. all compressed 
within the compass of a few inches, we cannot 
but be filled with admiration at the Divine wis- 
dom displayed in this and many other functions 
of the human system, which so far surpass all 
the contrivances of genius, science, and art. In 
every part of the workmanship of the Almighty, 
even the most minute, we perceive the impress 
of infinite goodness and intelligence, demonstrat- 
ing that He who formed the human frame and 
the surrounding elements is ‘‘ wonderful in coun- 
sel, and excellentin working.’? Not only are ter- 
restrial animals and the fowls of heaven dependent 
for existence on the atmosphere, but even the 
fishes of the sea cannot subsist for any length of 
time without its invigorating influence. Every 
fish is furnished with an air-bladder, by which it 
is enabled to rise in the water, or sink into it at 
pleasure. The lungs of fishes are their gills; 
these consist of filaments, arranged somewhat 
like the feathers of a quill; they are found to be 
covered with minute processes, crowded close 
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together, and on which are observed, by the mi- 
croscope, millions of capillary blood-vessels spread; 
like a net-work, over the whole surface. It is 
through the thin coats of these vessels that the air 
acts upon the blood they contain... When a fish 
is taken. out of the water, the reason it cannot 
breathe is, that these filaments collapse, and ad- 
here together in a mass, and the air canteens 
rate them. If the air be extracted from the 
water in which fishes swim, or if they have nd 
free communication with the air, they are soon 
deprived of existence. a % 


A 
5. The atmosphere is the medium in which the |. 


process of evaporation is carried on, and in which 
clouds, rain, and dew are produced. By the heat 
of the sun and other causes, an immense portion 
of matter is daily carried up into ‘the atmosphere 
in the form of vapor, in which state it occupies 
a space 1400 times greater than in its ordinary 
liquid state. It has been found, by experiment, 
that an acre of ground, in the course of twelve 
hours of a summer’s day, dispersed into the air 
by evaporation, 16,000 ae water. Every 
hour there are exhaled in this way, from the sur- 
face of the ocean, many millions of gallons, and 
every year about 40,000 cubical miles of water. 
This vast body of water, sometimes in an invisi- 
ble form, and sometimes in the shape of clouds, 
is carried by the winds over the different regions 
of sea and land. A part ‘of this water is con- 
densed into thick clouds, and falls down in rains 
on the continents and islands, to fertilize the soil; 
a part descends.on the seas and oceans; and an- 
‘other part supplies the sources of the rivers, by 
which it is again returned to the ocean, whence 
‘it was chiefly derived. This continued circula- 
tion of vapor through the atmospherical regions, 
is one of the most. important processes in the 
system of nature connected with our globe. By 
means of it, the Creator displays his wisdom and 
unbounded benevolence, in conveying fertility to 
the different climates of the earth, and thus sup- 
“plying nourishment and comfort to man and _to 
all the inferior orders of animated existence. But 
it is evident that, without the ministration of the 
atmosphere, these beneficent.operations could not 
be carried on, and the earth would be left to parch 
under the rays of the sun, until it were trans- 
formed into a bleak and barren desert. It is ow- 
ing to this process of evaporation that our clothes 
and linens. are dried, after having been washed, 
and that our roads are rendered clean for walking 
upon, after having been drenched with heavy 
showers of rain, orcovered with deep snows; with- 
out the operation of which, a thousand discom- 
forts and inconveniences would be felt in all the 
scenes of domestic life, and the operations of art; 
and this world would cease to be an abode of 
happiness and enjoyment. 

6. The density of the atmosphere gives. buoy- 
ancy to the clouds, and enables the feathered song- 
sters to transport themselves with ease from one 
part of the earth to another. If the air near th 
earth were much rarer than it is, the clouds would 
sink to the surfaee of the earth, involve the world 
in a dismal gloom, and intercept our views of the 
beauties of the terrestrial landscape, and of the 
glories of the midnight sky. The birds would be 
unable to perch on the tops of lofty trees, or to 
wing their flight from shore to shore. Asa proof 
of this, Mr. Robertson, who ascended in a ‘balloon 
from St. Petersburgh, in 1804, informs us that he 
took along with him some live pigeons, and, at 
different hights, gave liberty to these birds, who 


seemed very unwilling to.accept of it. The poor 
animals were so fied with their situation, that 
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they clung to the boat of the balloon they 
we forced from.it, when i hanes. r fears 
were not groundless; fer their wings were nearly 
useless, from the rarity of the air, and they fell 
toward the earth with great rapidity. The second 
struggled with'eagerness to regain the balloon, 
but in vain; and the third, thrown out at the 
greatest elevation, fell toward the earth like a 
stone, so that he supposed it did not reach the 
earth alive. This was evidently owing to the 


whe 


extreme rarity of the air in those upper regions - 


to which the balloon ascended. 

‘7. The atmosphere is the region in which winds 
are produced, which perform many important 
offices in the economy of our globe. Winds are 
nothingelse than portions of air in motion; and 
although they sometimes excite our fears by the 
violence of their bie = scatter destruction by 
sea and land; yet their agency, on the whole, is 
highly beneficial, and even essentially necessary 
to mankind. They purify the air by keeping it 
in perpetual motion; they disperse the noxious 
vapors that are continually rising from stagnant 
‘marshes and common sewers; they sweep the 
chambers of the atmosphere; they ventilate the 
streets of populous cities, and prevent the accu- 
mulation of those noxious effluvia which would 
produce pestilence and death; they scatter the 
seeds of various plants over every region; they 
fan the air under the scorch heats of summer, 
and diffuse refreshment over a fainting world; 
they make our millstones revolve as nimbly as the 
wheels of a chariot, and they serve as wings to 
our floating editices, to impel them across the 
ocean, and to bring them back laden with the 
treasures of distant lands. 

Were the agitation to cease which the wind pro- 
duces, all nature would be thrown into the utmost _ 
confusion. Navigation to distant shores, as 


erto most generally conducted, would be at e ' 


stand, amd ships would be arrested in the midst of 
the ocean. ‘The vapors exhaled by the heat of 
the sun would remain forever fixed over those 
particular spots whence they arose, instead of 
being dispersed, as they now are, over every re- 
gion. One part of the world, by the interposition 
of stationary clouds,.would be forever deprived 
of the direct influence of the solar rays, and of 
the light of the stars; while, in another part, tke 
soil would be parched, and the grass burned up, 
for want of avail of clouds to modify the heat of 
the sun. One region would be scorched for want 
of moisture, and another drenched with exces- 
sive rains. The putrid exhalations of dunghills, 
marshes, and populous cities, would remain per- 
petually suspended around the places whence they 
arose, and. produce diseases and pestilence, which 
would sweep the inhabitants of the earth in rapid 
succession to the grave. But in the existing 
economy of nature, all such disastrous effects are 
prevented by the agency of the winds, which dis- 
tribute the, clouds in due proportion over every 
land, and serve as ventilators to all the regions of 
the atmosphere. 

8. Air is the vehicle of smells, by the trans- 
portation of which we become acquainted with 
the good or bad qualities of the food which is set 
before us, and are warned against sitting in places 
that are damp and dangerous, or entering houses 
that are unwholesome or infectious. By means 
of the air, the odoriferous effluvia of plants and 
flowers are diffused over the fields, and conveyed 
to the nostrils, to increase our delightful sensations, 
when wandering among the scenes of nature. 

9. Air is likewise the medium of sounds, In 





consequence. of its elasticity and undulating 
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mation, it convoys to us knowledge and enjoy- 
ment of different ds, which cannot’ be con- 
veyed to the organs ight, of taste, or of smell. 
A few strokes on a large bell will, in the course 
of a few seconds, by the undulation of the atmo- 
Sphere, reach the ears of a hundred thousand men, 
and convey intimations either of joy or terror, 
The sounds produced by the undulations of the 
air may be Sines as so many couriers run- 
ning backward and forward, and in every direc- 
tion, to warn us of danger, or to inspire us with 
joy, and to communicate various delightful sen- 
sations. When we walk along the road, musing 
and unapprehensive of danger, a mail-coach may 
be whirling on in its rapid career, and just at our 
heels, ready to roll over us; but the air, like a 
watchful friend, dispatches a courier from a con- 
siderable distance to wares that danger is ap- 
roaching, and to remove to the path of safety. 
hile we walk along the streets of London, and 
other cities, we are continually in danger of cabs, 
coaches, drays, and other vehicles, rolling upon 
us; and were it not.that the air, by its undula- 
tions, gives us timely notice of their approach, 
the accidents from this cause which occasionally 
occur, would be much more numerous than they 
now are. To this property of the air, we owe all 
the advantages we derive from hearing sermons 
and lectures, and ae pleasures we enjoy from 
friendly and instructive conversation. By means 
of the tongue and the lips we form articulate 
sounds, which, by the previous consent of man- 
kind, become the signs: of certain ideas; these 
sounds are conveyed to the ears of our friends, 
and inform them of the thoughts and ideas that 
were previously passing through our minds, and 
their understandings.and hearts become impressed 
with the same sentiments. Without the minis- 
n of the atmosphere in such cases, all would 

‘sullen and unmeaning listlessness and silence, 
asin the intercourse of the deaf and dumb. So 
that the air may be considered as the cement of 
society—the medium of communication between 
one mind and another, and the interpreter of the 
thoughts and’ purposes of mankind. 

Too the same cause, we are indebted for all the 
pleasures and harmonies of music. Music is one 
of the purest and most refined of our sensitive 
pleasures. It possesses the power of charming 
our ears, soothing our passions, and affecting our 
hearts; it dissipates the gloom of melancholy, 
animates the vital spirits, and gives sublimity to 
our thoughts and sentiments. When a lady tunes 
her melodious voice, or touches with her fingers 
the keys of the piano-forte, or the strings of the 

-lyre, the air distributes every musical variation 
and every note, with the utmost precision. It 
conveys its message with the greatest impartiality 
to the ear of every listener. Though many in- 
struments may be employed, and a thousand per- 


sons be present, and placed in every direction, it} 


distributes the. harmony alike to every ear. It 
keeps the most exact time—it conveys the slight- 
est inflections of the voice, and the smallest varia- 
tion of atone. It runs through the whole com- 
pass’ of music, swells the sounds, and makes them 
even thunder in our ears. The next moment, it 
makes them flutter and melt into dying strains. 
After this, it swells the notes again, and sinks 
them in their turns. Thus it expresses, in the 
most lovely manner, every passion and emotion 
of the soul, and charms every heart with its per- 
suasive sounds. 

That all the effects now stated are owing to the 
ministration of the atmosphere, is proved by one 
decisive experiment. Place a smalt bell under the 
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receiver of an air-pump; letit be rung, and the 
sound will be heard at a considerabie distance. 
Exhaust the air from the receiver, and the sound 
can scarcely be heard by the nicest ear. Even in 
places where the air is not excluded, but only 
highly rarefied, as in the higher regions of the 
atmosphere, sounds are scarcely heard. Fredli- 
chius, a gentleman of Hungary, informs us, that 
when he ‘was on one of the loftiest tops of the 
Carpathian mountains, he fired a pistol, which at 
first made no greater noise than if he had only 
broken a stick or a staff; but after,a little time 
‘there was a murmuring for awhile which filled 
the valleys. and woods below. Descending to the 
lower valleys and the rugged rocks, he fired again, 
which made a dreadful sound, as if great guns 
had been discharged, and as if the whole moun- 
tain had begun to tumble about his ears. ‘The 
sound lasted for half a quarter of an hour, until 
it had reached the most secret caverns, where the 


direction. These facts show that the elasticity 
of the air, which is always greatest where the air 
is densest, is essential to the propagation of sound. 

10. The atmosphere is the cause of that splen- 
dor and universal light around us, which lays 
open to our view the landscape. of the world. 
Were this atmosphere destroyed, we might see 
the sun without enjoying the light and brilliancy 
of day. | That luminary would, indeed, strike our 
eyes with a vivid brightmess when we, turned 





round: to behold his flaming orb; but it would 
appear only as a blazing fire during night in a 
spacious plain, where all is gloom and darkness 
around.—It would suddenly butst on our view in 
the eastern horizon, in the morning, and would 
not change its aspect in the least. during its course 
through the heavens, until it suddenly disappeared 
in the western sky. The objects immediately 
around us would be partially visible; but the rays 
of the sun which fell on distant objects would be 
forever lost in the expanse of the heavens; and 
when we ‘turned our back ‘to the sun, nothing 
would present itself, but an abyss of darkness, 
and the whole horizon involved in a dismal gloom. 
The number of objects in the heavens would, in- 
deed, be augmented, for the stars would shine 
through a canopy as black as ebony, even when 
the sun was above the horizon; but all the gay 
coloring of the terrestrial landscape, which now 
delights the eye and the imagination, would be 
forever vailed trom the inhabitants of the world. 
In such a state of things, it would be always 
night;, and the difference between such a night 
and that which we now enjoy, would be, that the 
celestial orbs, instead of being grounded on a 
beautiful azure sky, would appear on a black 
canopy, like so many white points on a dismal 
mourning carpet. 

But the Almighty, whose arrangements have 
all a respect to the happiness of his creatures, has 
enveloped our globe with an atmosphere, and has 
endowed it with a capacity of reflecting and re- 
fracting the rays of light in all directions. This 
atmosphere, too, is charged with innumerable 
myriads of watery particles, exhaled by evapora- 
tion from every region of the sea and land. In 
the serenest days of summer, when no clouds 
nor vapors are to be seen, these rarefied particles 
of water, which are imperceptible to the keenest 
eye, fill the whole sphere of the atmosphere 
around us, both above and below the region of 
the clouds. It is among these rarefied waters in 
the higher regions of the air that the rays of light 
reflected from the surface of the land meet, and 








are again reflected in every direction to the earth; 


sound was enlarged’ and reflected back inevery 
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and hence is produced that beautiful azure color 
which distinguishes the aspect-of the heavens. 
This azure is sometimes lighter, according to the 
quantity of the rays which enter the atmosphere, 
and sometimes darker, when the absence of the 
twilight hightens the blue of the celestial concave, 
by means of that black and-void space which 
lies beyond the limits of the atmosphere. cor- 
roboration of these remarks, iti:may be n Bra 
that the higher we ascend above the surface o 

the earth, the darker does the sky appear. And 
hence all travelers affirm, that, on the tops of 
lofty mountains, it sometimes appears as black as, 
ebony, which causes the Milky Way to appear 
liké.a pure flame shot across the heavens, and 
the stars to shine with a greater brightness, and to 
appear far more numerous than in the plains below. 

11. The atmosphere is the cause of the morn- 
ing and evening twilight. We all know that the 
ey is gradually ushered in after the darkness of 
‘the night. More than an hour before the rising 
of the sun, in this part of the world, a streak of 
light appears in the eastern horizon. . This light 
ag es in brilliancy every moment—the land- 

pe of the earth, which had been previously 
covered. with a mantle of blackness, appears 
aig ually to emerge from an abyss of darkness, 
like the light at the first creation—the circle of | 
the horizon becomes inflamed with a bright. ver- 
milion—the mountain tops are tinged with pur- 
ple; and at length appears the most beautiful and 
sublime object-in nature, the sun: rising in his 
might and glory. And, when this luminary has 
described the circuit of the heavens, and passed 
the verge of the western horizon, darkness does 
not come on instantaneously, but by slow and 
imperceptible degrees, so as to warn us to pre- 
pare for its approach. The season of twilight, 
particularly that of a summer evening, is perhaps 
one of the most agreeable and interesting periods 
of the day. How many delightful walks and ex- 
cursions—how many cheerful and solemn musings 
—how many endearing intercourses of love and 
friendship does it recall to our recollection, wher 
we strolled along the solitary walks, or rool ilies 
in the bower of friendship, until the rising moon 
and the twinkling stars called us to our nightly 
repose! 

Now, all such pleasures and advantages, de- 
rived from the twilight, are owing to the agency 
of the atmosphere. When the sun approaches 
in the morning within eighteen degrees of the 
horizon, his rays strike obliquely on the higher 
parts of the atmosphere, and, ingipad of passing 
directly forward, they are refracted, or bent a 
little downward, and thus descend by inflection 
to the earth. In this way we reap thé. benefit 
of those rays which would otherwise have been 
totally lost, and enjoy the light of day for a con- 
siderable time before the sun reachés the horizon. 
It-is owing to the same cause that the sun is 
visible several minutes before he is actually ab 
the horizon in the morning, and after his setti 
in the evening. This increases the length -of 
every day, about 6!¢ minutes at an average, 
which amounts to 314 equinoctial days ina year, 
and nearly a whole year’s sunshine in the course 
of a century. And, if we reckon an hour and 
a half of twilight in the morning and as much 
in the evening, at an average, through the dif- 
ferent. seasons, we have more. than ninety equi- 
noctial days of twilight throughout the year. 
This is a circumstance of the utmost import- 
ance to those who inhabit the polar regions; in 
consequence of which, the inhabitants of Nova 
Zembla and of Greenland enjoy the direct light 
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of the sun for thirty-two days. whil is un- 
der the horizon, beside thevlong twilight. which 
precedes his rising, and continues after his de- 
‘scent below the horizon. But what would be 
the consequences if we had no twilight? Not 
only should bas > be deprived of the advantages 
now stated, but subjected to many inconveni- 
ences and dangers. Should the day break in upon 
us all at once in meridian. aah be immediately 
after oe rk shades of night, our, eyes would ba 
dazzled, and in danger of being blinded by its ex- 
cessive splendor. Should the night rush on in 
the same precipitate manner, and hurry us in a 
moment from the splendors of the day to the 
horrors of midnight, it would strike the living 
world with amazement. The traveler would be 
arrested in the midst of his journey, and bewilder- 
ed with terror; and if the sky were then covered 
with clouds, the darkness would be so thick and 
black, that not. the least glimmering ray would 
strike across. the universal gloom nor a single 
object be perceived, even within the distance of 
a foot. Man woul en ‘appear as if he were 
placed without an object near him in the midst of 
infinite space— 





** Dark as was chaos, ere the infant sun 
Was rolled together, or had tried his beams 
a ~ Athwart the gloom profound.” 





These arrangements, the which light is re- 
flected over the face of nature, and twilight is 
‘produced, evidently show the wisdom and intelli- 
gence of the Almighty Creator, and his benevo~ 
lent regards to his sensitive and intelligent off- 
spring. A few small bubbles of air and water 
appear very insignificant to the eye of man. But 
in the hand of the Almighty they work wonders 
of love and beneficence. He has distributed 
them over our heads in every direction wit 
much caution and skill, in order that the light-o 
his sun and his stars might not be rendered use- 
less to the world. With these invisible particles 
of water and air, he enriches and embellishes 
whatever he pleases; and in his hands they become 
an inexhaustible source of glory and happiness. 
| From these insignificant atoms, he fetches the 
brightness of the aurora, and draws forth those 
twilights which lengthen our days, and prepare 
our eyes for receiving the brightness of the me- 
ridian sun. From these he produces the splendor 
of day, which the sun itself could never procure 
us. He makes them contribute to the preserva- 
tion of that heat which nourishes the vegetable 
‘kingdom, and which is essential to the comfort of 
“everything that lives.’? Of them he has formed 
that magnificent arch which surrounds us on all 
sides, which enchants the eye of every. beholder, 
and forms the canopy of our terrestrial habita- 
tion; for it is. the light reflected from the air, and 
the innumerable particles of vapor it contains, 


the vault of heaven. This azure canopy the 
Creator might have painted with a darker hue, 
or even madé it entirely black. But black isa 
sad and dismal color, which would have thrown 
a melancholy gloom over the face of nature. A 
deep red would have been almost as disagreeable 
and hurtful to the sight; a white color, by its ex- 
cessive glare, would have been oppressive to every 
eye, and would have prevented the light of the 
planets and stars from being distinguished. A yel- 
low would not have been quite so unsuitable; but 
this color was reserved for the aurora which adorns 
the sky before the rising of the sun. Beside, a 
whole arch of a yellow color would not have 
presented a sufficient contrast to the light of the 


which produces that beautiful azure whith adorns 
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celestial luminaries. The green, which is a pleas- 
ing color to the eye, would have formed a better | 
ground for the light of the stars; but it is with 
this lovely color that the Almighty has. adorned 
the surface of our earthly abode, and has. spread 
it as a carpet under our feet; and it was necessary 
that there should be a contrast between the color 
of the earth and of the sky, in order to complete 
the beauty and the magnificence of the scene of 
nature. The blue is, onthe soloist and 
pleasant color, without gloom or sadness in. it; 
‘and while it forms a contrast.to the verdure, of 
the fields, it has the additional merit of forming 
a proper ground on which luminous bodies may 
be seen, and thus hightens the luster and beauty 
of the stars. 

In such admirable arrangements we cannot fail 
to perceive the marks of intelligence and skill, in 
causing the assemblage of invisible atoms to pro- 
duce so many sublime and beneficent effects; and 
we must be void of gratitude, if we do not recog- 
nize the hand of Divine goodness in adorning our 
habitation with so many beautiful contrasts, and 
rendering every scene of nature subservient to 
our convenience and delight. 

12. The transparency of the atmosphere is not 
the least of its advantages. It is not, indeed, 
perfectly transparent, otherwise it would not re- 
flect the blue color of the sky, nor woul the 
distant mountains appear bedimmed and tinged 
with purple. But it has such a degree of trans- 
parency, that every object on the terrestrial land- 
scape, within a reasonable distance, can be dis- 
tinctly perceived. Even objects at the distance 
of a hundred and fifty miles, are visible through 
the air; and thé telescope, though it magnifies 
the aérial particles, can make objects, at the dis- 
tance’ of twenty miles, appear as if they were 

aced at the distance of three hundred yards. 

Wee the air tinged with the least degree of yel- 
low, red; or green, it would give the same color 
to every other object, just as a. stained glass 
makes every object seen through it appear of the 
same color.as itself. Were its particles much 
larger, and more opaque than they now are, so 
as to become perceptible to the eye, we should, 
never obtain a distinct view of any other object. 
We should then see the air and the exhalations 
rising from the surface of the earth continually 
before us, like the particles of dust in a darkened 
chamber, when the rays of the sun are admitted 
through a small hole. 

But the Almighty, by rendering the air invisi— 
ble, has enabled us, in the first place, to take an, 
extensive and delightful view of his wonderful 
operations in heaven and earth, and of. all the ob- 
jects which immediately surround us—and, in the 
next place, has concealed from our eyes those ob- 
jects which would have excited disagreeable sen- 
sations and even disgust. If the air, like all other 
bodies, were an object of sight, the exhalations 
from the earth and waters would be much mor 
easily discovered. ‘The smoke of our chimneys 
still remaining visible as it ascended, would disfi- 
gure the rich landscape of the world and obscure 
the canopy of heaven. We should perceive all 
those gross humors which an incessant perspira- 
tion drives out of the bodies of all animals, and all 
the filthy exhalations that rise from kitchens, 
dunghills, stagnant marshes, streets, and. common 
sewers. We should be apt to imagine our situa- 
tion both unsafe and contagious, unless we fled 
into deserts and mountains, to avoid those inces- 
sant annoyances which would be the unavoidable 
result of such a visibility of the air and its exhala- 
ticns. At the same time, lest these vapors should 
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prove injurious to us through their invisibilty, the 
good providence of God has forewarned us of 
such danger, by imparting to us the sense of smell, . 
and has also appointed the winds to disperse such © 
nuisances, to carry them aloft, and to. serve as the 
ventilator of the atmosphere; for by the sense of 
smell, we are enabled to perceive when we are 
withigpe range of pestilential effluvia; and the 
winds seldom permit the air to remain in a stag- 
nant state, provided our habitations are so arrang- 
éd as to be within. the sphere of their influence. , 
If we wish to feel grateful to the Supreme Dis- 
poser of the universe for the blessings. of that 
world in which he has placed us, itis requisite that 
we should frequently fix our attention on such 
circumstances as those now stated. We pass from 
one day to another, and frequently from one pe- 
riod of human life to another, withouiapfecting 
on those admirable contrivances which appear in 
every surrounding object, by which our comforts 
are secured, and the universe rendered a spectacla 
of beauty and grandeur. Because we have never 
yet contemplated a world in confusion and ruins, 
we are apt to imagine that the arrangements 
around us could not be otherwise than they pre- 
sently are. But, were that Being who created 
the atmosphere to make only a very slight altera- 
tion in its constitution—were he just to alter a 
apparently insignificant circumstances—were he 
to deprive it of its refractive and reflective powers 
—and were he to render it visible by tinging it 
with any color, all, other things remaining as 
they now are—immediately the scene of nature 
would be divested of all its beauty and magnifi- 
cence—and this earth which now cheers so many 
millions of animated beings with its comforts and 
embellishments, would be transformed into a scene 
of misery, an abode of darkness-and desolation. 
13. Were the atmosphere capable of being 
frozen, or congealed into a solid body, the most, 
disastrous consequences would immediately ensue. 
All other fluids with which we are acquainted are 
subject to congelation. Even spirits of wine, 
which long resist the influence of the cold, and 
are, therefore, used in our thermometers, have 
‘been converted into a solid mass, by the cold of 
northern regions; and quicksilver, which is natu- 
rlly a fluid substance, has been converted by cold 
into a compact body, capable of being hammered 
like a piece of lead, Nay, even some of the gases, 
or aérial fluids, show a disposition to congeal by a 
reduction of temperature. The oxygenized mu- 
riatic acid gas becomes concrete, and forms into 
crystals, at a temperature of near to that at which 
water freezes. All the. gaseous substances, when 
they havé lost their elasticity, by forming certain 
combinations, are disposed to assume the solid state 
if the temperature allow it. Ammoniacal gas, and 
carbonic acid gas become solid, as soon as they 
enter into combination; and hydrogen gas, the 
most subtile of the ponderable elastic fluids, forms, 
along with oxygen, that very water which is af- 
erward congealed into ice. What is the reason, 
then, that the atmospheric air which we every mo- 
ment breathe, is not subject to congelation? We 
know no other reason than the will of the Crea- 
tor. Were we thoroughly acquainted with every 
particular respecting the nature of the gases of 
which it is composed, and the mode of their com- 
bination, we might, perhaps, discover the physical 
cause of this singular property; but still we should 
ultimately have to refer it to the Divine purpose 
and will that such a cause existed. We know 
that the vapors which are suspended in the higher 
regions of the atmosphere, are frequently congeal- 
ed into hailstones of considerable size, and were 
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any large portions of the air around us to be con- 
gealed in a similar manner, it is easy to foresee what 
disastrous effects would quickly be produced; and 
were the whole atmosphere to be frozen into a 
solid body, destruction would inevitably seize 
upon all the tribes of the living world, and the 
beautiful face of nature we now behold, would be 
‘transformed into a chaos. aa 
Such is the intimate connection that subsists 
between every part'of the system of nature, an 
such is the exquisite mechanism with which all 
its parts are constructed and arranged, that if a 
single wheel or pinion of this vast machine were 
either wanting or deranged, the whole system 
would soon be dissolved and fall into ruins. But 
that Almighty Being who sits on the throne of 
the universe, presides over all its subordinate move- 
ments, preserves every element in its respective 
station, and directs the apparently jarring princi- 
ge of nature to accomplish his wise and bene- 
tf lent designs. : 
‘In fine, we may just farther ark, that man 
has acquired a certain degree ‘of sovereignty over 
the atfphete, by which he renders it subservi- 
t to his comforts, and to the execution of his 
designs. He causes it to sigh in the pipe, to com- 
p in the flute, to thunder in the trumpet and 
the gong, and to utter a thousand melodious strains 
in the piano-forte and the organ. He causes it to 
announce tidings of joy or sorrow. He forces it 
to grind his corn, to blow his furnace, to winnow 
his grain, to raise water from the deepest pits, and 
to extinguish the flames when his buildings are 
on fire. He compels it to act as a prime mover 
in an ‘endless variety of machinery, and by its 
agency, in combination with other powers, ten 
thousands of wheels and pinions dre daily set in 
motion—power-looms are weaving fabrics of va- 
rious descriptions—spinning-jennies are set in 
action, steam vessels impelled along rivers, and 
across oceans—and railway trains carried forward 
in every direction with the most rapid motions. 
He yokes it to his ships, and compels it to expand. 
the sails, and to waft him across the billows of the 
ocean to the remotest shores. And, in‘short, i 
on the wings of the atmosphere that he raises hit 
self, with his balloons, above the mountain-tops, 
looks down from on high on the dusky earth, and 
ranges at large through the region’of the clouds. 
Thus, a few of the beneficial effects produced 
by' the atmosphere in the system of nature have 
been briefly stated. Its influence is essential to 
the germination and growth of plants, to the pre- 
servation of water in a state of fluidity, to the 
existence of fire and flame, to the respjration of 
all kinds of animals, to the process of evaporation, 
and the production of rain and dew; to support 
the clouds and to give buoyancy to the feathered 
tribes. It is the region of winds—the vehicle of 
smells—the medium of sounds, and the source of 
all the pleasures we derive from the harmonies of 
music; it is the cause of that universal light and 
splendor which are diffused around us, and of th 
advantages we derive from the morning and even- 
ing twilight; and all these advantayes are more 
fully secured by the transparency of its perige® 
and by its being rendered incapable of being con- 
gealed into a solid body. 
_ What, then, would be the consequences were 
the earth to be divested of its atmosphere? Were 
the hand of Omnipotence to detach this’ body of 
air from our globe, and could we, suppose living 
beings at the same time to exist, the landscape of 
the earth would be disrobed of all its vegetable 
beauties, and not a plant nor flower would be 
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and rivers would cease to flow, even the waters of 
the mighty deep would be dried up, and its low- 
est caverns be exposed to view, like frightful and 
hideous deserts. o fire nor heat would cheer 
the abodes of man, either day or by night, no 
rains nor de ald refresh the fields, no gentle 
zephyrs would w, nor aromatic perfumes be 
wafted from blooming flowers. The birds would 
no longer wing their flight on high, nor would 
their warblings be heard among the groves. No 
sound whatever would be heard throughout the 
whole expanse of nature, universal silence would 
reign undisturbed over the world, and the delights 
of music be forever unknown. The morning 
would no longer be ushered in by the dawn, nor 
the day protracted by the evening twilight. All 
would’be gloom and obscurity by day except in 
that-quarter of the heavens where the sun ap- 
peared, and no artificial light nor flame could be 
procured to cheer the darkness of the night. The 
whole surface of the globe would present one 
wide prospect of barrenness and desolation, with- 
out a single object of beauty to relieve the hor-+ 
rors of the scene; and this earth, which now pre- 
sents to the beholder so many objects of subli- 
mity and beauty, would appear as if it had sunk 
into the primitive chaos,whence it arose. But, 

e are certain that, according to the present 

romy of the animal system, no living creatures 
could exist in such a state of things, it would be 
an inevitable consequence of the annihilation of 
the atmosphere, that all the myriads of living be- 
ings which now people the waters and the earth, 
would sink into remediless destruction, and the 
great globe we inhabit be transformed into one 
immense sepulcher, without enjoyment, motion, 
or life. 

If, therefore, the Creator had nota regard to the 
happiness of his sensitive and intelligent offspring 
—or, if he wished to transform this globe into an 
abode of darkness and a scene of misery, he has 
only to support the functions of animal life on a 
new principle, and then to sweep from the earth 
he atmosphere with which it is now environed, 

the dismal catastrophe is at once accomplish- 

Such a consideration shows us the propriety 
and the emphasis of the language of Inspiration, 
In Him we live, and move, and have our being” 
-—“In his hand is the soul of every living thing, 
and the breath of all mankind.” But since we 
are assured that ‘the Lord is good to all: and his 
tender mercies are over all his works,’’ and as we 
find no arrangement in the system of the universe 
whose ultimate object is to produce pain or miser 
to any sensitive being; we have no fear that aiah 
a catastrophe will ever be permitted to take place. 
At the same time, we know not what the great 
ends of his moral government may incline the 
Deity to perform. We know that, at one period, 
the system of nature connected with this globe 
was disarranged on account of the wickedness of 
‘its inhabitants, and a deluge of waters overwhelm- 
ed all the abodes of men. This catastrophe 
changed the aspect of the earth and atmosphere, 
and produced convulsion’ which shook the foun- 
dations of the earth, and disrupted its solid strata; 
the vestiges of which are still visible in every land, 
and form some of the subjects of scientific inves- 
tigation. And, therefore, were the inhabitants of 
the world ever again to rise to the same pitch of 
wickedness as they did before the flood, we know 
not but the Almighty, instead of covering the 
earth with an abyss of water, might detach from 
it the surrounding atmosphere, and leave its inha- 
bitants to the effect of such an awful catastrophe. 





seen over the whole face of nature; tho springs 


We learn from Revelation, that a period is ap- 


e 


proaching, “when the elements shall melt with 
fervent heat, the earth also, and the works that are | 
therein shall be burned up.’”” Inthehand of Him 
who sits on the throne of the universe, the atmo- 
ore is fitted to become the means of producing 
this tremendous event. The 2 here, as for- | 
merly stated, consists chiefly of 0 fluids, or 
gases, of very opposite qualities; one of. these, 
namely oxygen gas, is the principl combus- 
tion, and forms about one-fifth part ¢ osphe- 
ric air; the other, namely nitrogen, instantly ex- 
tinguishes every species of fire or flame. Were 
the nitrogen, then, which forms four-fifths of the 
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atmosphere, to be swept away, and the oxygen left 
to exert its native energies, all the combustible 
substances on the face of the earth would instantly 
take fire, nay, the hardest stones, the most solid 
rocks, and even water itself, would blaze under 
its force with such energy as to carry destruction 
throughout the expanse of nature. Such are the 
elementary principles in the hand and under the 
superintendence of the Almighty, which are ready 
at his command to bring into effect all the events, 
changes, and revolutions, in relation to our world, 
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THE WISDOM AND BENEVOLENCE OF THE CREATOR, AS DISPLAYED 
CONSTITUTION OF THE ATMOSPHERE. 


As this topic has been partially alluded to in 
the preceding chapter, only two or three additi 
illustrations may now be given. a 

1. The wisdom and goodness of God are mani- 
fest in the proportion which subsists between the 
different gases of which the atmosphere is com- 
posed. Were the oxygen less in quantity than it 
now is—were it, for example, in the proportion of 
fifteen to eighty-five, in a hundred parts of nitro- 
gen, instead of twenty-one to seventy-nine, fire 
would lose its strength, candles would not diffuse 
asufficient light, plants would wither, and animals 
could not breathe without the utmest difficulty and 
pain. On the other hand, were the nitrogen di- 
minished and the oxygen greatly increased, the 
least spark would set combustible bodiesin a flame, 
and, in a few moments, they would be entirely 
consumed. Candles would-be wasted in a 


which are predicted in the word of Divine Reve- 
lation. ; 
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we 
and, at the same time, the infinite comprehension 
of the Divine Mind, in foreseeing all the effects 
that: would be produced by the different combina- 
tions of these gases, and in selecting that particu- 
lar combination for the atmosphere which is pre- 
cisely adapted to the existence and the comfort of 
living beings ? 

2. The Divine wisdom and gocdness are no less 
conspicuous in determining the relative specific 
gravity of these gases. The oxygen gas is found 
to be a little heavier than common air, and the 
nitrogen a little lighter, which enables it to rise to 
the higher regions of the atmosphere. In respi- 
ration (or breathing) there are four stages or pe- 
riods:—1. Inspiration, or drawing in the air.—2. 
A pause when the lungs are filled.—3. Expiration, 
or breathing out the air from the lungs;—and 4. 


few | A pause when the lungs are emptied. In breath- 
minutes after they were lighted, and would ser , the air which is-evolved from the lungs at 


no other purpose than to dazzle our eyes with 
transient blaze. Werea few houses in a large city 
set on fire such would be the rapidity with which 
the flames would spread on every side, that in a 
few hours, or even minutes, the whole city would 
be wrapt in one wide and unquenchable blaze, | 
and no human art could arrest the progress of 
the destructive conflagration. Insuch atmosphe- 
ric air, iron would be calcined, instead of acquir- 
ing from the fire that softness necessary for form- 
ing it into various instruments; it would accele- 
rate to a dangerous degree the circulation of the 
fluids in animal bodies, and produce a degree of 
heat through the influence of which they would 
rapidly waste and decay. We know by experience 
that nitric’ oxyde, which consists of forty-four 
parts of nitrogen and fifty-six of oxygen, produces | 
instant suffocation in all animals that attempt to 
breathe it. We also know that the nitric acid, one 
of the most corrosive substances, is composed of 
seventy five parts oxygen and twenty-five parts 
nitrogen, which are only different proportions 
of the substances in atmospheric air; so that 
were the atmosphere composed of the same pro- 
portion of ingredients, our breathing it might pro- 
duce the same effect as if we were to swallow a 
int of aquafortis, or nitrous acid, which we all 
Ehow would produce our immediate destruction. 
Can we, then, be at a loss to perceive, in the ad- 
justment of the gases which compose our atmo- 
sphere, the wisdom and benevolence of the Deity; 





every expiration, consists chiefly of nitrogen (and 
a small portion of carbonic-acid gas), which is 
entirely unfit to be breathed again, and therefore, 
by its levity, rises above our heads before the next 
inspiration. The pause which takes place between 
every inspiration is evidently intended to allow 
time for the nitrogen gas which is thrown out of 
the lungs to rise in the air, in order that a fresh 
portion of the atmosphere may be taken in, and 
that the same air may not be breathed again, 
During that remarkable interval, there is time ieft 
for the noxious fluids to separate, the nitrogen to 
ascend while the carbonic-acid gas preponderates, 
leaving a space between for a fresh current of 
pure atmospheric air to rush into the lungs. But 
what would be the consequence if nitrogen gas, 
instead of being a little lighter, had been a slight 
egree heavier than common air, or of the same 
specific gravity ? Then we should not only have 
been obliged to breathe a portion of it again at 
ey inspiration, but the vast quantity of it 
thrown off by the respiration of men and other 
animals would have perpetually occupied the 
lower regions of the atmosphere; and especially 
in our chambers it would have accumulated to 
such a degree as to have produced diseases, pesti- 
lence and death, in rapid succession. But, being 
a little lighter than the surrounding atmosphere, 
it flies upward, and we never breathe it again 
until it has entered into new and salutary combi- 
nations. Such is the benevolent skill which the 
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great Author of nature has displayed for the pre- 
servation-and comfort of the human family and 
of every species of animated existence. 

» 3. The wisdom of the Creator is displayed in 
the process for supplying the waste of oxygen, 
and promoting the renovation of the atmosphere. 

‘he quantity of carbonic-acid which is d 

formed, by combustion and the respiration of an 
mals, is so great, that it must have rapidly i 
creased to a most dangerous extent, had not'the 
Almighty provided means for its being as rapidly 


decomposed. It is well known that whenever | 


atmospheric air becomes charged with one-tenth 
of this gas, it is unfit for promoting combustion, 
and is fatal to most animals that breathe it. - 
drogen too; and carbureted hydrogen gas, are 
perpetually evolved at the surface of the 


from various sources, particularly from marshes, 


dunghills, and stagnant pools; and these are like- 
wise prejudicial, and even destructive, to the ani- 
mal creation. On the othér hand, oxygen gas, 
which is the support of fire and animal life, is 
continually wasted by the various processes of 
combustion, as in the ease of furnaces, burning 

idles, and domestic files, and by the breathing 
of all animals. How, then, has the Allwise Crea- 
tor contrived to supply this waste, and to protect 
the inhabitants of the world from the baneful 
effects of the other gases with which the atmo- 
sphere is contaminated? The process:appears to 
be this —Vegetables are so constituted that car- 
bon and hydrogen are the necessary food of plants, 
and are conducive to the support of vegetable life: 
Their vegetating organs seize the carbonic-acid 
gas that comes within their reach, and while they 
appropriate- the carbon to themselves, the oxygen 
is thrown off to renovate the atmosphere, by its 
union with the nitrogen ejected by animal: respi- 
ration. The leaves of ‘trees, shrubs,’ and other 
vegetables, give out, during the day, a large por- 
tion of oxygen gas, which unites with the sur- 
rounding air, keeps’ up the equilibrium of the 
gases, and preserves the salubrity of the atmo- 
sphere; for it is found by experience that the air 
in every region, in the most crowded cities, as 
well as in the open fields, contains the same quan 
tity. of oxygen gas. Thus it appears, that what 
ig noxious to man iss rendered beneficial to the 
vegetable tribes, and the oxygen, of which they 
do not stand in need, is separated by them, in its 
utmost purity, forthe use of man. The wisdom: 
the simplicity, and the beneficence of this ar- 
rangement, cannot fail to produce conviction in 
every reflecting mind, that the laws of nature are 
not to be referred to blind chance, but to unerring 
intelligence combined with boundless beneficence. 
In every breath we draw, we may perceive, if we 
reflect on the above stated arrangements, that we 
are every moment indebted to an all-wise and 
almighty Being, in whom we live and move, for 
the continuance of our existence and for every 
comfort we possess, and therefore praise, adora: 
tion, and thanksgivings, are due to him from all the 
ranks of his intelligent offspring. 


The department of the subject already eda, 
may now be concluded with a reflection or two, 
founded on the statements previously made. 

1. From the invisibility of the atmosphere, and 
its numerous and important effects in the system 
of nature, we may learn the folly of denying the 
reality of a future and invisible state of existence, 
because the objects connected with that state-are 
not perceptible by our corporeal senses. Who 
could have imagined, previously to modern dis- 
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coveries, that all the functions of the vegetable 
kingdom, and all the comforts enjoyed by ani- 
mated beings, are dependent upon the operation 
of a few invisible fluids, and that all the beauties 


.of this lower creation are owing to the composi- 


tion and de¢ position, in a thousand different 
ways. those gaseous substances whose opera- 
tions are imperceptible to the keenest eye? And 
earches-of modern chemistry have 
proved this fact to a demonstration, and shown us 
that every breath we draw, every pleasing sensa- 

we feel, every portion of food we eat, every 
Pp ticle of heat that warms our apartments, every 
ray of artificial light that illuminates our streets 
and habitations, and every musical sound that en- 
chants our ears, are owing to the unremitting 
motion and energy of invisible substances. And 
shall we, then, assert that the invisible principle 
of mind is not in existence or in action beyond 


.the limits of this diurnal sphere, because its opera- 


tion in that state lies beyond the range of our 
senses? We behold multitudes of rational beings 
daily departing fro: te living world,;, their or- 
ganical frames crumbling into the dust, and the 
intellectual principle which animated them dis- 
appearing from mortal view. But we have no 
more reason to doubt that it is existing and operat- 
ing in another sphere, than we have to doubt of 
the incessant energy of the invisible gases in giv- 
ing life and beauty to sublunary nature. ‘The 
disembodied spirits of men, whether existing in a 
pure ethereal form, or invested with fine material 
vehicles, may be employed in active services, and 
in sublime contemplations and investigations, of 
which we can at present form no adequate con- 
ception. We may, on the same grounds, form a 
conception of spirits suffering pains, anxieties, 
sorrows, and’ miseries, of different kinds, from a 
retrospective view of their former feelings, affec- 
tions, and conduct, even when separated from 
those material organs with which they were for- 
merly connected. ‘ 

With regard to the great objects of religion, 
many of them lie beyond the range of our corpo- 
eal vision, as some of the agents employed in 
certain chemical processes elude our senses. Faith 
is described to be “ the confident expectation of 
things hoped for, and the’ conviction of things 
which are not seen.’’* It-substantiates and real- 
izes those objects which are invisible to the eye 
of sense, or which lie far beyond its present range 
of view. Heice we are told that, in the present 
world, we should “walk by faith, net by sight.” 
The objects connected with a future world are 
real, although they are placed at such a distance 
as not to be cognizable by our present visual 
organs. They are not all merely of a spiritual 
nature, they are also connected with material. ob- 
jects; but, between our sensitive organs and such 
objects, immeasurable regions of space intervene. 
The glorified body of the Redeemer of mankind 
is a material substance and an object of sense, 
and it inhabits a region somewhere within -the 
bounds of the material creation, but its distance 
from the sphere in which we now reside removes 
it from our view; and we want that vigor and en- 
ergy of our corporeal organs which the martyr 
Stephen seems to have enjoyed, when the heavens 
were opened, and “he saw the glory of God, and 
Jesus standing on the right hand of God.” 

In certain pools of water, animalcules are found, 


‘whose bodies, when magnified a hundred thou- 


sand times their natural size, are visible only as 
so many moving points. A considerable portion 








* Doddridge’s Translation of Heb. xi. 1. 
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of the watery element on our globe is filled with 
such invisible inhabitants, which have never been 
perceived by the millionth part of mankind. In 
this and similar instances, we have an invisible 
world of animated beings existing around us, but 
no one calls in question their existence because 
they can only be observed by powerful micro- 
scopes, and are not perceptible by the majority of 
mankind. 
every part of space with his essence, and is inti- 
mately present with every one of his creatu 


res, 
yet remains forever invisible to mortal eyes. Bat 


on this ground, no one but an atheist ever cal 
in’ question his existence. In like manner, the 
invisibility of the objects connected with a future 
world ought to form no ground of doubt respect- 
ing the certainty and reality of their existence. 

2. We may learn what ought to be our great 
object in the study of the sciences, and in the in- 
vestigation of the phenomena of nature. 

Some persons are disposed to consider science 
and natural history merely as genteel studies; 
others apply their minds to uch. subjects with the 
view of bearing a part in thee conferences of men 
of learning. Some, again, prosecute such pur- 
suits for the purpose of making collections of 
scarce and valuable curiosities, and of displaying 


a degree of knowledge and taste superior to those 


of their neighbors; and the greater part of man- 
kind consider such studies as only an amusement, 
‘or a relaxation of mind from the fatigues of their 
daily avocations. But the study of nature and of 
science is highly dishonored by such groveling 
and contracted views. The prospect of the uni- 
verse was exposed to our view for more noble and 
exalted purposes—to make us wiser and better 
men, to expand our views of the perfections of 
our Creator, and to inspire us with a grateful sense 
of all the blessings we daily receive, from his 
bountiful hand. : 
There are two great objects which we ought 
always to keep in view in our investigations of 
the laws of nature and of the principles which 
operate in the material world. In the first place, 


to deduce from our observation of physical facts, 
those principles by which the powers of man may | 
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be extended—the useful arts improved and carried 
to perfection—and the comforts and enjoyments 
of mankind promoted and increased. In the next 
place, and chiefly, that our conceptions of the 
Creator’s power, wisdom, benevolence, and super- 
intending providence, may be enlarged, and that 
we may be more disposed to pay him that tribute 
adoration and gratitude which is due to his 
me. Every study which sets the supreme Being 
on one side and nature on the other, is nothing 
more than an idle amusement—it is lost labor, and 
productive of little else than ignorance and error, 
pride and arrogance. To employ our thoughts on 
a thousand particulars in nature without directing 
them to the great Creator'of all things—to profess 
to admire the displays of his wisdom, omnipo- 
tenge, and goodness, while we violate his laws, 
and persist.in a course of avarice or of dissipa- 
tion—to be conscious of the blessings we. every 
moment receive, and, at the. same time, to be 


flow—is a most glaring inconsistency, a shame- 
ful abuse of our Seder Mudie, and an act of the 
most flagrant ingratitude. All our knowledge i 
of no further importance to us than as it has alt 
influence on our affections and conduct, and leads 
us to entertain impressive and reverential ideas of 
that almighty Being, “‘in whose hands our breath 
is, and whose. are all our ways.” : 
Let us, then, for the air we .breathe, and the 
numerous benefits we derive from. the surround- 
ing atmosphere, display our gratitude, and conse- 
crate all our powers and. faculties, to the service 
of. Him who ‘ made the earth by his power,’’ and 
‘‘hath established the world by his wisdom;”— 
who “causeth the vapors to ascend from the ends 
of the earth;’? who “ maketh lightnings with rain, 
and bringeth the wind out of his: treasures,’’ and 
whose “tender mercies are over all his works.”’ 
To Him who hath created and redeemed us, all 
our powers and energies ought to be devoted from 
henceforth and forever, for he is worthy to receive 
all praise, honor, and dominion from men, from 
angels, and from the inhabitants of all the worlds 
* throughout the regions of the uni- 
rse. 
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utterly unmindful of the hand from whence they” & 
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Tuts isa subject which would admit of illus-; I. Aqueous meteors; as evaporation, rain, snow, 


tration sufficient to occupy a distinct volume; but 
the presetitlimits will admit of only a very con-. 
densed a superficial view of! the diver: 
objects connected with the phenomena 
atmosphere. ' ? 

The atmospherical phenomena may be arranged 
under the following heads:— 


y: 


hail, clouds, etc. h 
II. Winds, sea and land breezes, monsoons, 
hurricanes, etc. ~ an 
III. Luminous and fiery meteors, as fire-balls, 
. falling-stars, thunder and lightning, lumi- 
nous arches, fata morgana, aérial specters, 
etc. 


CHAPTER I. 


AQUEOUS METEORS. 
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1. Evaroration.—This is a process by which 
water and other substances are converted into 
elastic fluids by the influence of heat or caloric. 
Vapors being lighter than air, are raised into the 
upper regions of the atmosphere, and afterward, 
by a partial condensation, form those clouds 
which we see floating around us: They are elas- 
tic, invisible substances, like common air, but 
lighter; being to common air, according to Saus- 
sure’s experiments, as ten to fourteen. If we 
expose water to heat, bubbles at first adhere ‘to 


the sides of the vessel, which by degrees ascend |, 


to the surface and bursts These bubbles rise the 
more rapidly in proportion to the heat. Water 
is evaporated by the heat of the sun merely, and 
even without it in the open air; and the vapor 
rising into the air is condensed into clouds. An 
immense quantity of vapor is, in this way, raised 
from the different regions of the earth. In order 
to estimate the quantity thus raised, Dr. Watson, 
bishop of Landaff, made the following experi- 
ments:—Having provided a large drinking-glass, 
the area of the mouth of which was twenty square 
inches, he placed it with its mouth downward on 
a grass-plat which was mown close. The sun 
shone bright and hot, and there had been no rain 
for upward of a month. When the glass had 
stood on the grass-plat one quarter of an hour, 
and had collected a quantity of condensed vapor, 
he wiped its inside with a piece of muslin, the 
weight of which he had previously ascertained, 
and, as soon as the glass was wiped dry, the mus- 
lin was weighed. The medium increase of weight 
from various experiments, between twelve and 
three o’clock, was six grains in one quarter of an 
hour, from twenty square inches of earth. At 
this rate of evaporation, computing seven thou- 
sand grains troy to one pint of water, and eight 
pints to a gallon, it may be shown, that one thou- 
sand six hundred gallons of water would be raised 
from one acre of ground in twenty-four hours. 
It is evident that the quantity will be still greater 
when the ground has been drenched with rain. 
To prove this, the same philosopher made two 
other experiments, one of them the day after the 
ground had been wetted by a thunder-shower; 
and to ascertain the circumstances more exactly, 
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he took the heat of the earth by a thermometer 
laid on the grass, which in the first experiment 
was ninety-six degrees, when the evaporation was 
at the rate of 1973 gallons from an acre in twelve 
hours. The other experiment was made when 
there had been no rain for a week, and when the 
heat of the earth was 110 degrees; this experiment 
gave after the rate of 2800 gallons from an acre 
in twelve hours; the earth was hotter than the air, 
being exposed to the reflection of the sun’s rays 
from a brick wall. 

Hence it appears that evaporation must form a 
very important process in the economy of nature. 
The following are some facts in relation to this 
process. A much greater quantity of vapor rises 
during hot weather than during cold, as appears 
from the preceding experiments. Eyen where 
the temperature is the same, it varies according 
to circumstances. It is least of all in calm wea- 
ther, greater when a breeze blows, and greatest 
with a strong wind. In our climate, the evapora- 
tion is about four times as great between the ver- 
nal and autumnal equinox as in the rest of the 
year. The degree of cold produced by evapora- 
tion is much greater when the air is warmer than 
the evaporating surface, than when the latter is 
the warmer of the two. From these and other 
facts, it is plain that tracts of land which are co- 
vered with trees are much colder than those 
where there is a less surface of vegetable matter, 
such grounds being found to emit one-third more 
vapor than the same space covered with water. 
Hence the important change of climate which a 
country undergoes by being cleared and cultivated. 
America is not the same country at present, either 
with respect to temperature or salubrity, as it was 
several centuries ago, when it was covered with 
woods. 

By this perspiration of the globe, it has been 
estimated that thirty-six inches of water per an- 
num are raised from the surface of all the seas 
and rivers, and at least thirty inches from all the 
regions of the land. Hence it follows, that b 
this constant process of evaporation, 100,000 cubic 
miles of water are, every year, raised into, the 
atmosphere; the greater part of which, at a cer- 
tain hight, parts with its heat, and is condensed 
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into clouds. Were this prodigious mass of water 
all to subsist in the atmosphere at once, it would. 
increase about a twelfth part, and raise the baro- 
meter neatly three inches. . But this never hap- 
pens; no day passing without rain in some parts, 

' of the earth, so that part of the evaporated water 
is again constantly precipitated. The clouds 
formed by evaporation are carried by the winds 
over the land, broken, and precipitated by the ac- 
tion of mountains and trees, and thus rendered 
the means of watering the soil, and producin 
fertility throughout every region of the globe. I 
is owing solely to this process that our clothes, 
when washed and spread out to the open air, are 
soon dried. Were there no such process as eva- 
poration in the system of nature, our linens and 
other clothes, when drenched in water, might re- |, 
main for centuries without being dried—a circum- | 
stance which is seldom thought of by thoughtless 
men, but which demands our thanksgiving and 
gratitude. Hence we are called upon by the sa- 
cred writers to praise “‘the name of the Lord,” 
who “causeth the vapors to ascend from the ends 
of the earth.”? Psalm cxxxv. 5. 

2. Clouds.—The aqueous vapors, condensed by 
cold, or rising in the atmosphere toa region of 
air lighter than themselves, form strata of visible 
vapors, which we call clouds. These masses as- 
sume a great variety of shapes and configurations, 
which sometimes enliven the face of the sky, and 
at other times cause a gloom and shadow of dark- 
ness to overspread the landscape. The distance 
of the clouds above the surface of the earth varies 
at different times, and according to the nature of 
the cloud. Thin and light clouds frequently rise 
to the hight of four or five miles, as they are 
sometimes seen above the tops of the highest 
mountains. Their average hight may be reckon- 
ed about two and a half miles; but some dense 
clouds frequently descend so low as to touch 
mountains, hills, steeples, and even high trees, 
particularly during thunder-storms. The size of 
some of these clouds has’ been estimated to cover 
a space of fifteen or twenty square miles, and 
their thickness above a thousand feet. Their 
motions are generally directed by the winds, ex- 
cepting when thunder’ is about to happen; in 
which case, they seem to move very slowly, and 
sometimes remain absolutely stationary, which is 
probably owing to their being impelled by two 
opposite currents of air. 

Clouds have been arranged by modern natural- 
ists into several classes, according to their different 
configurations, and the regions of the atmosphere 
where they are generally found. They have been 
distinguished by Howard into seven modifications, 
the peculiarities of which are supposed to be 
caused by the agency of electricity. There are 
three primary modifications—the cirrus, the cu- 
mulus, and the stratus; two which may be con- 
sidered as intermediate in their nature—the cirro- 
cumulus, and the cirro-stratus; one which appears 
to be a compound—the cumulo-stratus; and, 
lastly, the cumulo-cirro-stratus, or nimbus, a 
state which immediately precedes the resolution 
of clouds into rain. These clouds are generally 
assigned to three atmospherical regions, the upper, 
the middle, and the lower one; to which a fourth, 
the lowest, may be added. In the upper région, 
the atznosphere is in such a state that it can receive 
and sustain only light and thin vapors, and to this 
district belongs the cirrus. 

The cirrus has the least density of all the forms 
of cloud, but the greatest hight and variety of 
shape and direction. It is the first indication of 
serene and settled weather, and first shows itself 
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in a few fibers spreading through the atmosphere. 
It sometimes looks like a fine whitish thread pen- 
ciled on a clear blue sky. These fibers, by de- 
grees, increase in length, and new fibers attach 
themselves to the sides. The duration of the cir- 
Tus is uncertain: in some kinds of weather, its fig- 
ure is so rapidly and continually changed, that, after 


| turning the eye from it for a few minutes, it will 


frequently be found almost completely changed. 
In other cases, it is sometimes visible for many 
hours and even days together, without much 
changing its appearance. From its usually curl- 
ing appearance, this species of cloud:is called the 
mare’s-tail cloud. 


The cumulus is a cloud of a den structure, 


formed in the lower region of the atmosphere, 


and moving along in the current of wind which 
is next to-the earth. Its first appearance is gene- 
rally a small irregular spot, which increases in 

Ze, preserves a flat horizontal base, and assumes 
more or less of a conical figure. Such clouds 
are sometimes pretty well-defined hemispherical 
masses; at other times, they rise into mountains, 
ranged in ‘one plane, that avery summits pre- 
senting a beautiful appearance. |’ Before rain they 
increase very rapidly, and descend low in the 
atmosphere. Great masses of them, during high 
winds, are seen in the quarter of the heavens 
toward which the wind blows, and indicate ap- 
proaching calm and rain. 

The-stratus has a mean degree of density; it is 
the lowest of clouds, and its inferior surface fre- 
quently rests on the earth or on the water. The 
time of its appearance is about sunset, and it dis- 
appears soon after sunrise.’ It comprehends all 
those creeping mists which, in calm evenings, 
ascend in spreading sheets, like an inundation of 
water, from the bottom of valleys. Sometimes it 
remains quiet, and accumulates in layers, until 
the atmosphere is capable of sustaining its weight, 
when it assumes the position of the dark nimbus, 
and falls in a shower of rain. 

The other species of clouds may be briefly 
stated, which are compound modifications. The 
cirro-cumulus consists of a collection of small 
white clouds, of a roundish form, which give to 
the sky the appearance called dappled, and are, in 
summer, considered as a prognostic of settled 
weather; or, at least, of an increase uf tempera- 
ture. They form a very beautiful sky, and are 
more frequent in summer than in winter. The 
cirro-stratus is generally in the form of Jong hori- 
zontal streaks, which are ever shifting their figure 
and position. It precedes wind and rain, the near 
or distant approach of which may sometimes be 
estimated from its greater or less abundance. 
It is frequently seen in the intervals of storms- 
The form and relative position, when seen in the 
distance, frequently give the idea of shoals of fish. 
lt is that modification which most frequently ex- 
hibits the phenomena of the solar and lunar halo. 
The cumulo-stratus is a large, lofty, dense cloud, 
which may be compared to a mushroom, with a 
very thick, short stem. It rises through the in- 
terstices of the superior clouds; and the whole, 
seen as it passes off in the distant horizon, pre- 
sents to the fancy mountains covered with snow 
intersected with dark ridges, rocks, towers, and 
other objects. Before thunder-storms, it frequently 
appears reddish. ‘The nimbus is the cloud of rain. 
Before rain takes place, the clouds are uniformly 
found to undergo a change, attended with appear- 
ances sufficiently remarkable to indicate this as a 
distinct modification of clouds. It consists of a ho- 
rizontal sheet, above which the cirrus spreads, while 
the cumulus enters it laterally, and from beneath. 
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Clouds are frequently highly charged with elec- 
tricity. These not only produce violent storms 
of thunder and lightning, but are sometimes the 
‘cause of the destruction of life and the most dread- 


ful devastations. Inthe year 1772, a bright cloud 
was observed, at midnight, to cover a mountain 


in the island of Jaya, which emitted flames of fire | 


so luminous, that the night became as clear as 
day. It destroyed everything for twenty miles 
around: buildings were demolished, plantations 
buried in the earth; fifteen thousand cattle, a vast 
number of horses and other animals, and above 
‘two thousand human beings, were sae by 
the agency of this tremendous cloud. On the 
29th of October, 1757, in the island of Malta, a 
little after midnight, a great black cloud app 9 
which changed its color as it approached the city, 
until <it became like.a flame of fire, mixed with 
black smoke, and a dreadful noise was heard on 
its approach. It tore an English ship to pieces, 
-and carried the masts, sails, and cordage, to a 
great distance. Small boats, in its course, were 
broken to pieces and sunk. In passing through 
the city, it laid in ruins everything in its way; 
houses were leveled _ the ground, the roofs of 
churches were demolished; not one steeple was 
left in its passage, and the bells, together with the 
spires, were carried toa distance. In this-awful 
catastrophe, the number of human beings killed 
and wounded amounted to nearly two. hundred. 
Thus it appears that, while clouds serve occasion- 
ally as so many screens, to abate the heat of the 
sun in warm countries, and form depositories of 
rains, which water and fertilize the earth, they are 
also sometimes used in the hands of the Almighty 
as instruments for the infliction of his judgments 
upon the nations; for the clouds are his chariots, 
the thunder his voice, and he “ walketh upon the 
wings of the wind.” 

3. Rain.—We have already stated that the 
waters of the earth, by evaporation, yield a cer- 
tain quantity of moisture to the air, which, being 
condensed, assumes the form of clouds, floating 
at different distances above us in the atmosphere. 
Whatever suddenly disturbs the heat or density of 
.the air, or the electricity of the clouds, occasions 
the particles of vapor to rush together, and form 
drops of water too heavy to continue suspended 
in the atmosphere; they fallin the shape of rain, 
and increase in size as they fall, by combining 
with the floating vapors as they pass through them. 
We have but an obscure conception, however, of 
the chemical nature of vapor, and of the chemi- 
cal processes which are going on in the produc- 
‘tion of vapor, and its subsequent resolution into 
rain. Dr. Thomson has this general remark on 
the subject, after quoting the opinions of Dr. Wat- 
son, Dr. Hales, and others, that “the formation 
of the clouds and rain cannot be accounted for by 
a single principle with which we are acquainted. 
It is neither owing to the saturation of the atmo- 
sphere, nor the diminution of heat, nor the mix- 
‘ture of airs of different temperatures; for clouds 
are often formed without any wind at all, either 
above or below them: and even if this mixture 
constantly took place, the precipitation, instead of 
accounting for rain, would be almost impercepti- 
‘ble.”” Instead, therefore, of detailing conflicting 
opinions on this subject, we shall state only a few 
general facts in relation to rain. 

It is worthy of our notice, that drops of rain 
are always found larger in the lower regions of 
the atmosphere. In going down a high mountain 
in'the time of rain, the drops gradually increase, 
until, reaching the bottom,.they increase froma 
drizzling shower toa heavy rain. To ascertain 
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the generality of this fact, Dr. Heberden, in the 
year 1776, made the’ following experiment. He 
placed a rain-gauge on the square part of the roof 
of Westminster Abbey, another on the top of a 
neighboring ‘house, considerably lower than the 
first, and another on the ground, in an adjoining 
garden. The rain collected in each was as®fol- 
ows :—top of Westminster Abbey, twelve inches; 
top of the house, eighteen inches; and on the 
ground, twenty-two inches; so that more rain 
is collected in the lower than in the upper rain- 
ge. The proportions of rain vary in different 
months of the year. In summer, we have not so 
many rainy days as in win ut the showers 
are then heavier, the streams of, rain closer to- 
gether, and the quantity which s is greater 
than during any otherseason. Dr. Dalton states 
that the first six months of the year may be re- 
garded as dry, and the last six as wet months. 
From certain long-continued observations, it has 
been inferred that, in spring, it rains oftener in 
the evening than in the morning; but that toward 
the end of the summer, oftener in the morning 
than in the evening; and that storms at this time 
are apt ccur a littleaftersunrise. In the pro- 
promton-aiie seasons, rain falls at all times during 
the twenty-four hours, but it has been ascertained 
that much less falls by day than by night.* 

The annual quantity of rain is greatest in trop- 
ical countries, and diminishes as:we approach the 
pole, owing to the. greater evaporative qualities of 
the atmosphere in warm than in cold countries. 
Within the tropic, rain is not of the drizzling - 
character of rain in the temperate zone, but gene- 
rally falls in such torrents as in other zones would 
be called waterspouts, and they produce greater 
floods ina single day than in Europe in six days. 
Winter is distinguished from summer chiefly by 
the quantity of rain, which, for six months, is 
often constant for many days together, and lasts 
a-certain number of hoursper day. The rivers, in 
consequence, overflow, and in many countries 
produce inundations, which intercept all commu- 

ions between neighboring towns and villages. 
ean quantity of rain which falls anuually 
in’ England is thirty-two inches. In the western 
parts of Scotland, the depth is from thirty to 
thirty-five inches; in the eastern parts, from 
twenty-four to twenty-eight inches. At Edin- 
burgh, it is twenty-four inches and a half; and in 
London, twenty-two and one-fifth. There is 
more rain in the western part of Britain than in 
the eastern, because these parts receive the first 
clouds as they are brought from the Atlantic by 
the westerly winds. In the West Indies, one 
hundred and twenty inches fall annually; and, in 
the Kast Indies, from eighty to one hundred inches. 
At Bombay, eighty-two inches, and at Calcutta, 
eighty-one inches fall annually. 

When mountain-ranges, and other distant ob- 
jects, appear nearer to us than usual—when sounds 
are heard more clearly from a distance—when the 
odor of plants is more than usually powerful, rain 
may be soon expected. Ducks, geese, and other 
water-fowls, before the approach of rain, may be 
seen to throw water, with their bills, over their 
heads. Cattle may likewise be seen stretching 
out their necks, and snuffing in the air with dis- 
tended nostrils. Dogs, closely confined in & room, 
become drowsy and stupid before rain; the same 
is observed in cats, though in a lessdegree; horses 





* It is said, that on the 29th of October, 1897, there -fell, 
at Joyeus, in France, twenty-nine inches of rain in twenty. 
two hours; and, in eleven days, thirty-six inches; which is 
double that at Paris during the year. 
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neigh frequently; cattle low; the fallow-deer be= 
come restless; and swallows fly in a low course. 
Delicate persons are often affected, before rain, 
with headaches, pains in old sores which have 
healed, irritability of temper, the aching of corns, 
and excessive nervousness. Several flowers and 
plants are prognosticators of rain. When the 


flower of the chickweed closes, sh owery weather. 


or continued rain may be expected. The trefoil, 
the convolvulus, and other plants, contract their 
leaves before the approach of rain. When the 
moon is of a pure silvery color, good weather is 
indicated; but ait has a brownish tint, rain 
may be aaah When stars are surrounded 
with colored halos, the approach of rain is indi- 
cated. . ae 


In the present constitution of our globe, rain— 
though sometimes attended with a few inconveni- 


ences—is essential for promoting the enjoyments 
both of man and beast: It moistens and softens the 
earth, and prepares it for being cultivated, and for 
affording nourishment to the vegetable tribes,;which 
both adorn the landscape of the world, and afford 
nourishment to the human race and to every 
species of animated existence. By falling on high 
mountains, it carries down with it y particles 
of loose earth, which serve to fertilize the sur- 
rounding valleys, and purifies the air from nox- 
ious exhalations, which tend, in their return to 
‘the earth, to meliorate the soil. It moderates the 
heat of the air, and forms one of the sources 
whence fountains and rivers are supplied. With- 
out the influence of rain, trees, shrubs, and 
flowers would soon wither, sicken, and die, and 
every land be then turned into a barren wilder- 
ness. But when the clouds, at seasonable periods, 
pour down their watery treasures, all sublunary 
nafure is invigorated and refreshed, and the vegeta- 
ble productions of the soil are made verdant and 
flourishing, and adorn the surface of the earth 
with their gay attire and diversity of colors. In 
the language of the Psalmist, “‘ The little hills 
rejeice on every side. The pastures are clothed 
with flocks; the valleys also are vovergggnve? 
with corn; they shout for joy, they also sing.” 
He who at first formed the earth for man, “wa- 
tereth the ridges thereof abundantly,”’ maketh it 
“soft with showers,” blesseth “the springing there- 
of,’ and crowneth the year with his goodness. 
It is represented by the inspired writers as the 
peculiar prerogative of Jehovah to send rain upon 
the earth: “ Are there any among the vanities of 
the Gentiles that can cause rain? or can the hea- 
vens give showers? Art not thou He, O Lord our 
God?—for thou hast made ‘all these things.’ 
The effects produced by the want of rain are em- 
phatically described by these writers: “ Thy 
heaven that is over thee is as brass, and the earth 
that is under thee as iron.” ‘“‘ The field is wasted, 
the land mourneth; for the corn is wasted. * * 
Be ye ashamed, O ye husbandmen; howl, O ye 
vine-dressers, for the wheat and for the barley; 
because the harvest of the field is perished. The 
vino is dried up, and the fig-tree languisheth; the 
pomegranate-tree, the palm-tree also, and the 
apple-tree, even all the trees of the field, are 
withered. * * * How do the beasts groan! 
The herds of cattle are perplexed, because they 
have no pasture; yea, the flocks of sheep are made 
desolate; * * * for the rivers of waters are 
dried up, and the fire hath devoured the pastures 
of the wilderness.” Joel i. 10-12, 18,20. | 

4, Snow.—Snow consists of such vapors as are 
frozen while the particles are small. It differs 
from hail and hoar-frost, in being crystallized, 








37 


examined by a magnifying-glass, the whole of it 
will appear to be composed of fine shining 
spicula, diverging like rays from a center. As 
the flakes fall down through the atmosphere, 
they are continually joined by more of these 
radiated spicula, and thus increase in bulk, like 
the drops of rain or hailstones. Many of the 


‘flakes of snow are of a regular figure, for the 


most part stars of six points, and are as perfect 
and transparent ice as any we see on a pond-or 
river. Their forms present an almost endless 
variety, are often very regular and beautiful, and 
reflect, with exceeding splendor, the rays of the 
sun. When they are very large, they-are said to 
indicate the approach of thunder. The different 

rms which the flakes of snow ibit, when 

wed through microscopes, are represented in 
figure 6. These crystals of snow are from one- 


third to one thirty-fifth of an inch in diameter, 


in their natural size. -Experiments have been 
made, which prove that snow is twenty-four 
times lighter than water, and that it fills up ten 





or twelve times more space at the moment of 
falling, than the water produced from it, when 
melted. It is worthy of remark, that previous to 
the fall of snow, and during its continuance, the 
temperature continues at about 32 degrees. The 
lightness of snow, although it is firm ice, is ow- 
ing to the excess of its surface in comparison to 
the matter contained under it. Its whiteness is 
owing to the small particles into which it is 
divided; for ice, when pounded, will become 
equally white. 

Snow is frequently formed in the lower regions 
of the atmosphere. A very cold stream of air 
admitted into a room in which the contained air 
is much warmer, and loaded with watery parti- 
cles, will occasion its formation. In the huts 
of those who inhabit the arctic regions, snow is 
frequently formed in this manner. Dr. Robert- 
son states that, in a crowded assembly-room “in 
St. Petersburg, a stream of cold air was accident- 
ally admitted into the room by a gentleman 
breaking a pane of glass, on which the vapor in 
the air was immediately congealed, and fell in the 
form of snow-flakes. In Siberia, Nova Zembla, 
and other northern regions, the same phenomenon 
frequently happens. Snow occurs in all regions 


which they are not. When a flake of snow is! of the globe at a certain hight above the level of 


a s 


“ 
the sea, but it falls more abundantly on nisinge 
we proceed ‘from the equator to the poles. 

the arctic regions, snow falls nine days out of 
ten in the months of April, May, and June, and 
often to a depth of two or three inches in an hour. 
Among the mountains of Germany, Italy, and 
Switzerland, snow is sometimes accumulated to 
such an extent as to produce the most terrific and 
destructive effects, as in the case of the rolling, 
avalanche. An ayalanche is a mountain-mass of 
ice, or frozen snow, which is sometimes loosened 
from its base, and descends from the mountains 
with a force so terrible, that it crushes the tra- 
veler beneath its power, and buries hamlets and 
villages in acommon grave. In the year 1749, the 
whole village of Rucras, in the canton of Grisons, 
in Switzerland, was covered, and at. the same 
time, removed from its site, by an avalanche of 
this description. But this change, which hap- 
pened in the night-time, was effected without the 
least noise; so that the inhabitants were not 
aware of it; and, on awakening in the morning, 
could not imagine why day-light did not dawn. 
A hundred persons were dug out of the snow, 
sixty of whom were still alive, the interstices 
‘between the snow containing sufficient air to 
support life. Not many. years ago, an instance 
occurred of a family buried under one of these 
avalanches, and who continued in that situation 
for above a fortnight, remaining all that time in 
utter darkness, and incrusted in a body of snow 
several hundred feet in thickness. A massy 
beam supported: the roof against this enormous 
pressure; and a’ milch ass, that happened to be 
thus incarcerated with the people, furnished suf- 
ficient nourishment, for the support of life, until 
they were, at length, restored to the light of 
day. ’ 

The great Dispenser of universal bounty has 
so ordered it, that snow is eminently subservient, 
as well as all his other works, to his benevolent 
designs. As the winter cold is much more hurt- 
ful to vegetables than to animals, the plants would 
perish, if their roots were not preserved by some 
covering. God has, therefore, ordained that the 
‘rain, which in summer cools and revives the 
plants, should, in winter, fall in the form of a 
soft wool to cover the vegetables, and to guard 
them from the inclemency of frosts and winds. 
It prevents the internal heat of the earth from 
escaping, and forms a safe covering to the tender 
herb, until the winter cold has abated under the 
influence of the genial spring. 

5. Hail.—Hail, which is a more compact mass 
of frozen water than snow, is formed by the con- 
gelation of vapor in the higher regions of the 
atmosphere. The drops of hail assume various 
figures, being sometimes round, at other times 
pyramidal, angular, thin, and flat, and sometimes 
stellated with six radii, like the small crystals of 
snow. When hail-stones are broken open, or cut 
across, they are sometimes found within to be of 
a spongy structure; sometimes the interior presents 
a very beautiful radiated appearance, and not un- 
frequently exhibits regular and very remarkable 
concentric plates. They are often of considerable 
dimensions. They vary in size from that of a 
small seed, to that of a boy’s marble; and, in 
some instances, they have been found as large as 
the eggs of a goose; the small generally falling 
in the more northerly climates, and on the tops 
of mountains, and the larger in France, Spain, 
Italy, and other countries, toward the south of 
Europe. Hailstones have fallen in Scotland, 
which have been proved to weigh five: ounces. 
In North America, they have sometimes been 
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picked up weighing fifteen ounces; and on Octo- 


\ ber 5th, 1831, one. fell at Constantinople which 


weighed. more than a pound! The, average 
velocity with which they fall, has been estimated 
at seventy feet per second, or at the rate of fifty 
miles an hour; and consequently, their great 
momentum, arising from this velocity, frequently 
renders them very destructive, particularly in hot 
climates. They beatdown the crops, strip trees 
of their leaves, fruits, and branches, and some- 
times kill even large beasts and men. A few 
years ago,a tremendous storm happened in Glou- 
cestershire, accompanied with a most remarka- 
ble hail-shower. The masses of ice which fell 
in places where the storm most fiercely raged, 
bore no resemblance to the usual state of hail- 
stones in magnitude or formation, most of them 
being of a very irregular shape, broad, flat, and 
ragged, and many of them measuring nine inches 
in circumference. . They appeared like fragments 
of a-vast plate of ice, broken into small. masses, 
by. its descent toward the earth. 

The, phenomena attending the formation and 
fall of hail are but imperfectly understood, though 
it is certain they are connected with electricity, 
and hencaithe frequent occurrence of hail- 
showers during violent storms of thunder and 
lightning. They occur principally in the tem- 
perate regions of the globe, less frequently be- 
tween the tropics, and are almost unknown in the 
frigid zones. They are, also, more frequent in 
summer than in winter. In the south of France, 
and the adjacent countries, much damage has been 
produced by the ravages of hail-storms. To avert 
such. ravages, rods have lately been erected on 
the same principle as lightning rods. They con- 
sist of lofty poles tipped with metallic wires com- 
municating with the earth. By thus subtracting 
the superabundant electricity of the clouds, it is 
supposed that the formation of hail might be pre- 
vented. It has been estimated by the “ Linnean 
Society of Paris,’ from numerous experiments 
made in different districts, that ‘if these hail- 
rods were established through the whole of France, 
it would occasion an annual saving to the revenue 
of fifty millions of franes.’? It is also stated that, 
in many districts which were formerly year after 
year devastated by hail, the instrument has been 
adopted with complete success, while, in neigh- 
boring districts, not protected by hail-rods, the 
crops have been damaged as_usual. 

6. Dew:—Dew is vapor condensed into visible 
drops. It begins to be deposited about sunset, 
and is most abundant in valleys and plains near 
rivers and other collections of water, and abounds 
on those parts of the surface which are clothed with 
vegetation. . In England, the dew is observed, like 
the drops of drizzling rain, upon the leaves of 
grass and other vegetables, upon wood, glass, por- 
celain, etc., or upon the earth, which is thereby 
rendered sensibly moist. It falls more copiously 
in spring and summer than at any other times of 
the year, In countries situated near the equator, 
the dews are generally observed in the morning 
throughout the year; and in some places in the 
east, where rain seldom falls, they are so copious, 
as, in a great measure, to supply its deficiency. 
During the heat of the day, a. great quantity of 
vapor is thrown into the atmosphere from the 
surface of the earth and waters. _ When the 
evening returns, if the vapor has not been carried 
off by currents, it will happen that more remains 
diffused in the general atmosphere than the tem- 
perature of the night will permit to subsist. A 
decomposition. of the aqueous atmosphere then 
commences, and is continued until the general 
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temperature and aqueous pressure arrive at an 
equilibrium, or until the returning sun puts an 
end to the process. 

Hoar-frost, which appears like a powdery crys- 
tallization on trees and herbage, is only frozen 
dew. The conversion of dew into hoar-frost is 
another wise arrangement of Nature, by which 
¥ : 
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ee are protected from the severity of a freez- 
ng coldatmosphere. fogs are clouds which float 
on the surface of the earth; and clouds are fogs in 
the higher regions of the atmosphere. From many 
elevated places they may be seen moving in the val- 
leys, and from the valleys they may frequently be 
seen creeping along the sides of the mountains. 
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1. Winns in general.—Wind is the motion of a 
body of air flowing from one place to another. 
The earth, being surrounded by a fine invisible 
fluid, extending several miles above its surface, 
is acted upon by heat and cold arising from dif- 
ferent causes. This appears to be the general 
cause of the phenomena of winds; and, according 
to the force or velocity with which the masses of 
air move, we use the terms, a breeze,a gale,a 
storm, a tornado, a whirlwind, a hurricane, etc. 
When a fire is made in the open air, the rarefied 
part of that fluid will ascend in a current, and the 
cooler and denser air will rush in on all sides, in 
consequence of which a wind is generated, and 
blows constantly toward the fire. The wind thus 
produced will be too inconsiderable to be perceived 
at any great distance, but the rarefaction which 
arises from natural causes may be such as to agi- 
tate our atmosphere sufficiently to produce those 
torrents of air which have always a powerful 
effect in nature, and which sometimes overwhelm 
and destroy the fairest and most superb pro- 
ductions of human art. Among the Causes 
which produce this rarefaction of the atmosphere, 
and generate wind, the heat of the sun is not the 
least powerful. When the solar rays, by their 
reflection from the earth’s surface, have heated or 
rarefied a portion of the surrounding air, the air 
so rarefied ascends into the higher regions of the 
atmosphere, and the colder air, by which it was 
surrounded, moves forward in a sensible current 
to fill the vacuity. Likewise, when a condensa- 
tion of vapor in the atmosphere suddenly takes 
place, giving rise to clouds which speedily dissolve 
in rain, the temperature of the surrounding air is 
sensibly altered, and the colder rushing in upon 
the warmer, gives rise to a sudden gust of wind. 
In regard to the particular causes which produce 
the various winds which prevail in different regions 
of the globe, different opinions have been enter- 
tained by philosophers. And, therefore, instead 
of examining theories and doubtful opinions on 
this subject, the writer will confine himself to the 
statement of a few facts respecting the different 
species of winds as they are found to operate in 
different countries. 

2. General or permanent winds—Winds are 
commonly divided into three classes, namely, 
general, periodical, and variable winds. General 
winds are those which are permanent, and blow 
always in the same direction, and have received 
the name of trade-winds. These winds prevail 
chiefly within the tropics, and a few degrees be- 
yond. On the north of the equator their direc- 
tion is from the north-east, varying at times a 
point or two of the compass each way. On the 
south of the equator, they proceed from the south- 
east. These winds constantly range in one direc- 
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tion, but never extend farther than 30° from the 
equinoctial, either north or south. In the Atlan- 
tic and Pacific oceans, under the equator, the 
wind is almost always easterly; more to the north- 
ward, it generally blows between the north and 
east; and, more to the southward of the equator, 
it blows between the south and east. The origin 
of these winds appears to be as follows:—the 
powerful heat of the torrid zone rarefies the air of 
that region; in consequence of this rarefaction, 
the air rises, and, to supply its place, a colder body 
of air from each of the temperate zones, moves 
toward the equator. But these north and south 
winds pass from regions where the rotatory motion 
of the earth’s surface is less, to those where it is 
greater. Unable at once to acquire this new ve- 
locity, they are left ‘behind; and, instead of being 
north and south winds, as they would be if the 
earth’s surface did not turn round, they become 
north-east and south-east winds. : 

3. Periodical winds, or monsoons.—Those winds, 
which blow in a certain direction for a time, and, 
at certain stated seasons, change, and blow for an 
equal space of time from the opposite point of the 
compass, are called monsoons. During the months 
of April, May, June, July, August, and Septem- 
ber, the wind blows from the southward or south- 
eastward over the whole length of the Indian 
ocean, namely, between the parallels of 28° north, 
and 28° south latitude, and between the eastern 
coast of Africa, and the meridian that passes 
through the western part of Japan; but, in the 
other months, October, November, December, 
January, February, and March, the winds in all 
the parts of the Indian ocean shift round, and 
blow directly contrary to the course they held in 
the former six months. These winds suffer par- 
tial changes in particular places, owing to the 
form and position of the lands, and other circum- 
stances. When they shift, or when the south- 
west monsoon is about to commence, it is ushered 
in by vast masses of clouds from the Indian 
ocean, accompanied with violent blasts of wind, 
which are succeeded by floods of rain, during 
which, the lightnings flash without intermission, 
and the thunders roll with loud and deafening 





peals; and, when it ceases, the rain pours down 
in large volumes. This terrific commotion of 
the elements lasts for many days. 

4. Land and sea-breezes—TVhese are another 
kind of periodical winds which are common on 
the coasts and islands situated between the tropics. 
During the day, the wind blows for a certain 
number of hours from the sea to the land; but, 
when evening arrives, it changes its direction, 
and blows as many hours from the land to the sea. 
The cause of these alternations appears to be as 
follows:—water, being a better conductor of heat 
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than earth, is always of a more even tempera- 
ture. During the day, therefore, the land iecomes 
considerably heated, the air rarefied, and, .cons 
quently, in the afternoon, a breeze sets in from 
the sea, which is less heated at that time than the | 
land. On the other hand, during the night, the 
earth loses its surplus heat, while. the sea con- 
tinues more even in its temperature. Toward 
morning, therefore, a breeze regularly proceeds 
from the land toward the ocean, where the air 
is warmer, and, consequently, more rarefied than 
on the shore. 

5. Variable winds.—In most countries to the 
north and south of the tropics, the winds are very 
irregular and uncertain, and vary in their direc- 
tion at certain seasons of the year. In Germany, 
the east wind is most frequent at Gottingen, Mu- 
nich, Weissemburg, Dusseldorf, Erford, and Buda; 
the south-east, at Prague and Wirtzburg ; the 
north-east, at Ratisbone; and the west, at Man- 
heim and Berlin. Along the whole south-west 
of France, the wind blows most frequently from 
the north, north-west, and north-east; on the west 
coast, from the west, north-west, and south; and, 
on the north coast, from the south-west. In 
Great Britain, the north-east and south-west 
winds more, frequently prevail, along with occa- 
sional north-west and south-east winds. From 
ten years’ registers kept by the Royal Society, it 
appears that, in London, the winds blow in the 
following order: from the south-west, 112 days; 
north-east 58; north-west, 50; west, 53; south- 
east, 32; east, 26; south, 18; north, 16. From 
the same register, it appears that the south-west 
wind blows at an average more frequently than 
any other wind during every month of the year; 
that the north-east blows most constantly during 
January, March, April, May, and June, and that 
the north-west wind blows oftener from Novem- 
ber to March, and more seldom during September 
and October, than any other months. In Scot- 
land, the south-west is by far the most frequent 
wind over all the country, especially on the west 
coast. At. Edinburgh, the westerly winds have 
been found to blow 230 days, and the easterly 135. 
At Saltcoats, in Ayrshire, the south-west wind 
blows three-fourths of the year, and along the 
whole coast of Moray, on the north-east side of 
Scotland, it blows for two-thirds of the year. 
East winds are common over all Britain, during 
April and May, but their influence jis felt most 
severely on the eastern coast. 

In our northern region, winds seldom excite 
much alarm, nor are they often attended with the 
disastrous results which are frequent in the tropi- 
cal regions. It has, however, sometimes hap- 
pened, even in England, that winds have produced 
the most appalling and destructive effects. In 
the great storm which happened on the 27th of 
December, 1703, the extraordinary power of the 
wind created a noise hoarse and dreadful, like thun- 
der, which appalled every heart. Horror and con- 
fusion seized upon all, whether on land or at sea. 
One hundred and twenty-three persons were killed 
by the falling of dwellings, among whom were 
the bishop of Bath and his lady, by the fall of the 
episcopal palace. Eight thousand perished in the 
Severn and the Thames, and in ships blown away, 
and never heard of afterward. Land, houses, 
churches, corn, trees, rivers—all were damaged 
by its fury. Small buildings were swept away 
as chaff before the whirlwind; above 800 dwel- 
ling-houses were laid in ruins: 2000 stacks of 
chimneys were blown down in London; 15,000 
sheep were destroyed on the banks of the Severn, 
and 20,000 in the county of Kent; 300 ships, 500 
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wherries, 300 ship-boats, and 100 lighters and 
barges, were entirely lost. The Eddystone Light- 
house was precipitated in the surrounding ocean, 
along with its ingenious architect and those that 
were withhim. ‘The date oe in the city of 
London alone, by this storm, was computed at 
above two millions of pounds sterling ! Such are 
some of the dreadful effects of that invisible fluid 
which surrounds us, when put in rapid motion by 
the force of currents. Light as its particles seem 
to be, no human wisdom or power can, in such 
cases, avert its force, or withstand its dreadful and 
destructive agency, in allusion to which the Al- 
mighty is represented as riding “on the wings of 
the wind,”’ and directing “ the whirlwind and the 
storm.” 

6. Nozious and poisonous winds.—These winds 
prevail most generally in southern climes. Of 
these, the harmattan is a very singular wind, 
which blows periodically from the interior parts 
of Africa toward the Atlantic ocean. The season 
in which it prevails is, during the months of De- 
cember, January, and February. It comes on at 
any hour of the day, and continues five or six 
days; and there are generally three or four returns 
of it every season. This wind is distinguished 
by a fog or haze, and extreme dryness; no dew 
falls during its continuance, vegetables wither, 
and the grass becomes dry like hay. 'The dryness 
is so extreme that the covers of books, though 
closely shut up in a trunk, are bent as if exposed 
to the fire. Household furniture is damaged, 
panels of wainscots split, and veneered work flies 
to pieces. The human body, likewise, feels the 
parching effects of the harmattan: the eyes, nos- 
trils, lips, and palate, are rendered dry and uneasy; 
the lips and nose are inflamed, and there is a 
troublesome sensation of pricking heat on the 
skin. If the harmattan continue, the scarf-skin 
peels off, first from the hands and feet, and after- 
ward from the rest of the body. 

The sirocco is a wind which resembles, in some 
of its effects, the harmattan. It sometimes blows 
for several days together, and its medium heat is 
calculated at 112°; it is fatal to vegetation, and 
destructive to mankind, especially to those who 
are not natives of the country; it depresses the 
spirits in an unusual degree; it suspends the 
powers of digestion in such a manner, that those 
who venture to eat a heavy supper generally die 
during the night. The sick frequently sink under 
the pressure of their diseases, so that it is cus- 
tomary, in the morning after this wind has con- 
tinued a whole night, to inquire who is dead. 
During the continuance of this wind, all nature 
appears to languish, vegetation withers and dies, 
the beasts of the field droop; the animal spirits 
are too much exhausted to admit of the least bo- 
dily exertion, and the spring and elasticity of the 
air appear to be lost. In the city of Palermo, in 
Sicily, where it frequently prevails, the inhabit- 
ants shut their doors and windows to exclude the 
air; where there are no window-shutters, wet 
blankets are hung on the inside of the windows, 
and the servants are kept constantly employed in 
sprinkling the apartments with water, and the 
Streets and avenues of the city appear at such 
times to be nearly deserted. This wind is fro- 
quently felt in Greece, Italy, the Levant, and 
other parts of southern Europe; it is occasioned 
by currents of heated air from the deserts of Za- 
hara in Africa; but happily itis not of long con- 
linuance. In Sicily, it seldom lasts longer than 
thirty-six or forty hours. 

The samiel, or mortifying wind, is, 


erhaps 
beyond all others, dreadful in its effects, ica 


It gene- 
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ly bluws on the southern coasts of Arabia, and 
the ceserts near the city of Bagdad; and is sup- 
posed to have been the pestilence of the ancients, 
frequently killing all those who are involved in 
its passage. What its malignity consists in, none 
can tell, as no one has ever ‘survived its effects to 
give information. 
quently assumes a visible form, and darts in a 
kind of bluish vapor along the surface of. the 
country. The natives of Persia and. Arabia talk 
of its effects with terror; they describe it as under 
the conduct of a minister of vengeance, who 
governs its terrors, and raises or depresses it,as he 
thinks proper. The camels, either by instinct or 
experience, have notice of its approach, and are 
so well aware of it, that they are said to make an 
unusual noise, and cover their noses in the sand. 
It blows over the desert in the months of July 
and August, and rushes with violence to the very 
gates of Bagdad, but never injures any person in 
the city. To escape its effects, travelers throw 
themselves as close as possible to the ground, and 
wait until it has passed by, which is commonly a 
few minutes. As soon as they who have life dare 
to rise up, they examine how it fares with their 
companions by pulling at their arms or legs; for, 
if they are destroyed by the wind, their limbs are 
absolutely mortified, and will come asunder. An 
extraordinary blasting witid is felt occasionally at 
Falkland’s Islands, but it seldom continues above 
twenty-four hours. It cuts the herbage down as 
if fires had been made under it, so that the leaves 
are parched up and crumbled into dust. Fowls 
are seized with cramp, so as never to recover; and 
men are oppressed with a stopped perspiration, 
heaviness at the breast, and contintieos te 

The simoon is a hot wind which prevails in 
Egypt, Arabia, Syria, and the adjacent countries. 
When it begins to blow in Arabia, the atmosphere 
assumes an alarming aspect. The sky becomes 
dark and heavy, the sun loses his splendor, and 
becomes of a violet color, and the air is thick from 
the subtile dust with which it is loaded. At first, 
the wind is light and rapid, and not remarkably 
hot; its temperature, however, soon increases, 
until it ranges at upward of 128°. When it 
occurs, all animated bodies discover it by the 
change it produces in them. The lungs are con- 
tracted and become painful, respiration is short 
and difficult, the skin parched and dry, and the 
body consumed by an internal heat. ‘The streets 
are deserted, and the dead silence of night reigns 
everywhere. The inhabitants of towns and vil- 
lages shut themselves up in their houses, and those 
of the desert in their tents, or in wells dug in the 
earth, where they wait the termination of this 
destructive heat. The only refuge travelers have 
from it is, to fall down with their faces close to 
the ground, and to continue as long as possible 
without drawing in their breath. Mr. Bruce thus 
describes it, in his journey through the desert :— 
« At eleven o’clock, while we contemplated the 
top of Chiggre, where we were to solace our- 
selves with water, Idris, our guide, cried out with 
a loud voice, ‘Fall upon your faces, for here is 
the simoon.’ I saw from the south-east a haze, 
in color like the purple part of the rainbow, which 
did not occupy twenty yards in breadth, about 
twelve feet from the ground, and it moved very 
rapidly, for I could scarce turn to fall upon the 
ground, with my head to the north, when I felt 
the heat of its current plainly on my face. We 
all lay flat on the ground as if dead, until Idfis 
told us it was blown over. The meteor or purple 
haze which I saw was indeed passed, but the light 
air which still blew was of heat to threaten suf- 


It has been said that it fre-| 
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focation. For my part, I found distinctly in my 
reast that I had imbibed a part of it, nor was I 
ree from an asthmatic affection until I was. in 
Italy two years afterward.’ bs 

Hurricanes are violent tempests of wind, ac- 
companied with thunders and lightnings, rain, or 
hail. .These fearful concussions of the atmo- 
sphere happen most frequently in the range of 
the West India Islands, and. about the Cape of 
Good Hope. The forerunner of these hurricanes, 
when frst seen, is only like a small black spot on 
the verge of the horizon, called by sailors, the 
bull’s eye. All this time a perfect calm reigns 
over sea and land, while at length, coming to.the 
place where its fury is to fall, it invests the whole 
horizon with darkness. During its approach, a 
hollow. murmur is heard in the cavities of the 
mountains, and animals, sensible of its approach, 
run over the fields to seek for shelter. Nothing 
can be more terrible than its, violence when it 
begins. The sun, which, but a moment before, 
blazed in meridian splendor, is totally shut out, 
and a midnight darkness prevails, except that the 
air is incessantly illuminated with gleams of light- 
ning, so vivid that one can see to read, and the 
rain pours down in torrents. All the elements 
seem to.arm themselves for the destruction of 
human labors, and even of the scenes of nature 
herself. The velocity of the wind is such, that 
corn, vines, sugar-canes, forests, houses, boats, 
ships, are swept away, or buried’in the deep, 

A tornado is a sudden and violent gust of wind 
from all points of the compass. It partakes some+ 
what of the nature of a hurricane, but is siill 
more violent in its effects. The winds seem to 
blow from every quarter, and settle upon one des- 
tined place, with such fury that: nothing can re- 
sist their vehemerice. When they have met in 
their central spot, the whirlwind begins with cir- 
cular rapidity. The sphere every moment widens, 
as it continues to turn, and catches every object 
that lies within its attraction. ‘The mariner, 
within the reach of its influence.at sea, must try 
all his power and skill to avoid it, which, if he fail 
of doing, there is the greatest danger of his going 
to the bottom. ‘Tornadoes most frequently rage 
along the coasts of Guinea, and other parts. of 
western Africa. 

Such are a few brief sketches of the phenome- 
na of noxious and stormy winds. It is evident 
that they did not exist in the primitive state of 
our globe; for the operation of such agents of 
terror and destruction appears altogether incon- 
sistent with the idea that man is at present ina 
paradisaical state, and possessed of that innocence 
and moral purity in which he was created. It 
appears incompatible with the idea of an Almighty 
Intelligence, possessed of boundless benevolence, 
that innocent beings'should be so frequently sub- 
jected to the influence of such dreadful agents, 
by which they are swept from the living world in 
a manner so appalling and terrific. Man is, 
therefore, a creature who has fallen from his pri- 
mitive state of integrity; and such fearful agents, 
and many others, as the voleano and the earth- 
quake, aré so many proofs and evidences of the 
depravity and fallen state of the human race; 
otherwise they would not be permitted to inhabit 
a world where so many destructive influences are 
in operation. An important change appears to 
have taken place in the constitution of the atmo- 
sphere at the period of the universal deluge, which 
probably may have given rise to many of the phy- 
sical evils connected with this part of our terres- 
trial system; which may, in after ages, be in a 
great measure removed, when the earth shall be 
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cultivated throughout its whole extent, and uni- 
versal peace and brotherhood prevail among Il. 
nations. Notwithstanding, however, the occa- 
sional operation of these destructive agents to 
which we allude, the arrangements connected 
with our globe, in their prominent bearings, and 
considered as a whole, evidently display the long- 
suffering, the tender mercy, and the goodness 
of Jehovah, and should lead us to humble our- 
selves in his presence, under a sense of our mani 
fold’ deviations from the path of his command- 
ments. 

The velocity of winds varies, from the gentlest 
breeze or an imperceptible movement, to a hundred 
miles an hour. Light airs may be considered as 
moving at the rate of from one to three miles an 
hour, or from a foot and a half, to four feet and 
two-fifths, per second; a breeze, from four to six 
miles an hour; a brisk gale, from ten to sixteen 
miles an hour; a fresh gale, from twenty to twen- 
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ty-five miles; a strong gale, from thirty to thirty- 
five miles; a hard gale, from forty to forty-five 
miles; a storm or tempest, fifty miles; a great 
storm, sixty miles; a hurricane, eighty miles; a 
violent hurricane, tearing up trees, throwing down 
houses, etc., moves at the rate of one hundred 
miles an hour. . 

Notwithstanding the occasional ravages of 
winds, they produce many beneficial effects in the 
system of nature. They serve as ventilators for 
purifying the atmosphere; they dispel fogs and 
noxious vapors; they agitate the waters of the 
ocean, and prevent them from stagnation and pu- 
trefaction; in the heat of summer they fan us 
with gales and gentle breezes. By their mechani- 
cal force, windmills and other machinery are set 
in motion, and ships impelled across seas-and 
oceans the remotest corners of the globe, to 
promote commerce, learning, religion, and the 
mutual intercourse of human beings. 
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LUMINOUS AND FIERY METEORS. 


1. The Aurora Borealis—This~is one of the 
most splendid phenomena which appears in- the 
visible sky, especially when its coruscations dif- 
fuse themselves over the whole face of the hea- 
vens. ‘he appearances of the aurora may be 
arranged under the following particulars:—l. A 
horizontal light, like the morning twilight or 
break of day. This light generally appears in 
the north or north by west, and sometimes seems 
as if. it broke out from a few darkish clouds. 2. 
Fine, slender, luminous beams, well-defined, and 
of a dense light. These frequently continue a 
half or a whole minute, apparently at rest, but 
more frequently with a quick lateral motion, that 
is, from east to west, or the contrary. 3, Flashes 
pointing upward, or in the same direction with 
the beams, which they always succeed. These 
are only momentary, and have no lateral motion, 
but they are generally repeated many times in a 
minute. They appear much broader, more dif- 
fuse, and of a weaker light than the beams; they 
grow gradually fainter until they disappear, and 
sometimes continue for several hours, flashing at 
intervals. Sometimes they are confined chiefly 
to the northern region of the heavens, and. at 
other times illuminate the whole sky with their 
fantastic coruscations, Such are some of the 
general appearances of the aurora borealis, but 
they are strikingly varied at different times, and 
it is difficult accurately to describe the shifting 
and splendid phenomena they present. 

The aurora: has been occasionally seen in all 





ages: it is spoken of by Herodotus, Xenophon, 
Diodorus: Siculus, Homer, Virgil, and Ossian, the 
Highland bard. Aristotle, in his work on me- 
teors, describes it as “an appearance observed by 
night in calm weather, resembling flame mingled 
with smoke, or the distant appearance of burning 
stubble; the predominant colors being purple, 
bright red, and blood color.’? It has been more 
frequently observed in Great Britain since the 
year 1716, when, on the 6th of March, it appear- 
ed with a splendor which attracted universal at- 
tention, and was considered by many as prognostic 
of wars, famine and pestilence, and a foreign race 
of princes. 

The following is a description of an aurora, as 
seen by Dr. Dalton:—<Attention was first excited 


by the remarkably red appearance of the clouds 
to the south, which afforded sufficient light to read 
by at eight o’clock in the evening, though there 
was no moonlight in the north. From half-past 
nine to ten, Pp. M., there was a large luminous 
horizontal arch to the southward, and one or more 
concentric arches northward. At half-past ten 
o’clock, streamers appeared very low in the south- 
east; running to and fro from west to south; they 
increased in number, and began to approach the 
zenith apparently with an accelerated velocity, when 
all of a sudden the whole hemisphere was covered 
with them, and exhibited such*an appearance as 
surpasses all description. The intensity of the 
light, the prodigious number and velocity of the 
beams, the grand intermixture of all the primitive 
colors in their utmost splendor, variegating the 
glowing canopy with the most enchanting scenery, 
afforded an awful, but, at the same time, pleasing 
and most sublime spectacle. Every one gazed 
with astonishment, but the uncommon grandeur 
of the scene lasted only one minute; the variety 
of colors disappeared, and the beams were con- 
verted into the flashing radiations; but even then 
it surpassed all other appearances of the aurora; 
in short, the whole hemisphere was covered with 
it.”? ‘ 

The writer had oceasion to witness a splendid 
and somewhat terrific display of this phenome- 
non, in the vicinity of Dundee, on the 17th No- 
vember, 1835. A little before nine o’clock, p. m., 
the coruscations first began to appear, which in a 
short time diffused all the brightness which ap- 
pearsinamoonlightevening. About ten o’clock, 
the aurora shone in all its splendor, when corus- 
cations, or streams of light, more than thirty or 
forty degrees in length, appeared to issue from a 
central point near the zenith, and to extend them- 
selves in every direction, south, north, east, and 
west, like the meridians on an artificial globe. 
The most singular feature displayed by this auro- 
ra was that of a number of streams of light of a 
dark red color, like blood, and resembling expan- 
sive sheets of flame, which were seen in all di- 
rections mingling their streams with the more bril- 
liant yellow coruscations, and giving to the whole 
celestial concave an appearance of terrific gran- 
deur, which seemed to impress the mind of every 
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beholder with awe and terror. This display con- 
tinued during the night until four o’clock next 
morning, and was visible over the whole island 
of Great Britain. In London, it produced such 
an effect, that the policemen, ignorant of its na- 
ture, hurried to and fro through all the avenues 
of that city in search of fires, which they imagined 
had burst forth from every quarter. On the even- 
ing of September 29, 1847, about ten o’clock, a 
brilliant and rather uncommon aurora made its 
appearance, near Dundee. The sky was strongly 
illuminated in the north, and ‘numbers of spiral 
coruscations shot upward toward the zenith. But 
its most striking peculiarity was that, on a sud- 
den, and in a portion of the sky which was per- 
fectly clear, an immense stream of light began to 
blaze with a quivering motion, like a huge ser- 
pent, or in a form like the letters, extending forty 
or fifty degrees in length, and several degrees in 
breadth. Such streams of brilliant light, which 
appeared and vanished with all the rapidity of 
lightning, were to be seen over most regions of 
the sky. ii 

This phenomenon appears more frequently, and 
displays itself in still greater splendor in the polar 
regions than in our country. It is also said that, 
in those regions, a hissing sound is heard during 
its continuance. During the long nights of win- 
ter in those countries, particularly in Lapland and 
Greenland, its radiations, along with the light of 
the heavenly bodies, are sufficient to guide the in- 
habitants in their journeys, and to enable them to 
engage in all the other avocations of life. In the 
northern parts of Siberia, the aurora begins with 
single bright pillars rising in the north, which gra- 
dually increasing, comprehend a large space in the 
heavens, rush about from place to place with in- 
credible velocity, and at last cover almost the whole 
sky up to the zenith, and produce an appearance 
as if a vast tent were expanded in the heavens 
glittering with gold, rubies, and sapphires. It has 
been found likewise, that these brilliant pheno- 
mena are visible in the south polar regions as well 
as in the north. The general appearance of the 
aurora borealis is pretty well described by Thom- 
son, the poet of the “ Seasons.” 


“ Silent from the north 
A blaze of meteors shoots; ensweeping first 
The lower skies, they all at once converge 
High to the crown of heaven, and al] at once 
Relapsing quick, as quickly re-aseend 
And mix and thwart, extinguish and renew 
Allether coursing in a maze of light.” 


Various opinions have been formed as to the 
cause which produces the phenomena of the au- 
rora. Most philosophers seem to agree that it is 
of an electrical nature, as its appearance can be 
imitated by artificial electricity. Dr. Faraday con- 
siders it as highly probable, “that it is a lumi- 
nous accumulation of electricity flowing from the 
equator to the poles, for the restoration of electric 
equilibrium.’ But whatever may be the physical 
cause of the aurora, it precaamaor view one of 
the most beautiful, sublime, and at the same time 
awful and mysterious phenomena which appear in 
our sky—while its coruscations sometimes cover 
with inconceivable magnificence, the concave of 
the whole hemisphere, changing their positions 
every moment, now resembling vast pyramids, or 
innumerable columns, now vanishing ina moment, 
leaving the heavens somber and black, and now 
returning with increased splendor, shedding a 
matchless glory over the heavens. Such striking 
phenomena evidently display the majesty and 

lory of the Creator and his power to cause the 
invisible elements of nature to produce the most 
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grand and diversified seenery—and although their 
mode of operation is not thoroughly: discovered, 
they are, doubtless, intended to subserve beneficial 
purposes in the system of creation. | 

2. Luminous arches.—These are somewhat strik- 
ing phenomena, which sometimes precede, or ac- 
company the aurora borealis, but they make their 
appearance only at very distant intervals. The 
writer has seen’ only four or five of these arches 
within the space of the last thirty years. One of 
the most brilliant of the arches appeared on the 
27th of August, 1846, and was first perceived 
a few minutes before nine o’clock in the evening. 
It was a grand and beautiful luminous arch, which 
stretched from one side of the heavens to the 
other, forming a most resplendent object in a clear 
and serene sky. Its highest point was about 
seventy-five degrees above the southern horizon— 
a little above the brilliant star Vega Lyre. Like 
all the other arches.of this kind he has seen, it had 
a gradual motion downward toward the southern 
horizon, so that in the course of twenty minutes 
it was considerably below the star now mentioned. 
Its direction was from east by north, to west by 
south, or nearly at right angles with the magnetic 
meridian—-which seems to indicate that it is con- 
nected with the operation of the magnetic princi- 
ple. This is the exact direction of all the luminous 
arches now referred to,and they are all evidently 
connected with the appearance of the aurora bore- 
alis,and may be considered asa peculiar modifica- 
tion of thisphenomenon. Its breadth was greater 
than that of a common rainbow; there appeared no 
prismatic colors, but a pure brilliant white, con- 
trasting most beautifully with the deep azure of 
the sky. An aurora appeared at the same time 
in the north and north-west, but its coruscations 
were not very vivid, and continued only for a 
very short time. The arch began first gradually 
to disappear at its extremities, near the eastern 
and western horizon, and, about forty minutes after 
having been first seen, it was completely dissipated. 
The hight of such phenomena above the earth 
has been variously estimated. Euler estimated 
them at 1000 miles; Boscovich, at about 800; 
Bergman, at 460; and Dr. Dalton, at 150 miles, 
which is, perhaps, nearest the truth., Whatever 
may be the hight of the luminous arches, we have 
reason to believe that the elevation of the aurora 
borealis above the earth is the same, as they evi- 
dently are produced by the operation of the same 
cause. 

3. Fire-balls.—These are a species of luminous 
or fiery bodies, which are occasionally seen to 
wing their flight through the upper regions, with 
a considerable degree of velocity and splendor. 
In ‘tropical climates, these bodies are more fre- 
quently seen than in our more temperate regions. 
The following are a few brief descriptions of some 
of the meteors. Mr. Barham relates that, when 
he was riding in Jamaica, one evening, he beheld 
a ball of fire apparently about the bigness of a 
bomb, swiftly falling down with a great blaze. 
Approaching the place where it fell, he found the 
ground strangely broken up and plowed, and 
several holes appeared of the bigness of a man’s 
head, and all the green herbage burned up near 
the holes; at the same time, a strong smell of 
sulphur. In the year 1676, a great globe of fire 
was seen at Bononia, in Italy, about forty mi- 
nutes after sunset. It passed with a most rapid 
course, and at the rate of not less than one hun- 
dred and sixty miles a minute, and at last stood 
over the Adriatic sea. It crossed all Italy in its 
course,and by computation, it was found that it 
could not have been less than thirty-eight miles 
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above the surface of the earth. Wherever it ap- 
proached, the inhabitants below could distinctly 
hear it, with a hissing noise, resembling that of a 
firework. It was heard to go off with a violent 
explosion. Its magnitude, when at Bononia, ap- 
peared twice as long as the moon, one way, and 
about as broad the other. It was estimated to be 
a mile long and half a mile broad. 

One of the most striking and extraordinary me- 
teors of this kind made its appearance on the 18th* 
of August, 1783, about nine. o’clock in the even- 
ing, It wasseen in all parts of Great Britain, 
from the Shetland isles to the English channel, 
over all France, and the greatest part of Italy, and 
is supposed to have described a tract of at least 
one thousand miles over the surface of the earth. 
It appears to have burst and re-united several 
times, and the first bursting which was noticed 
was somewhere over Lincolnshire, in Fngland. 
Its appearance produced universal wonder and 
alarm. When it was observed at Brussels, the 
moon appeared quite red, and the illumination was 
so great as totally to obliterate the stars. A report 
was heard some time after it disappeared, which 
was loudest in Lincolnshire, and afterward in the 
eastern parts of Kent. A hissing sound was said 
also to accompany its progress. At Greenwich, 
two bright balls, parallel to each other, led the way, 
and were followed by an expulsion of eight others. 
The balls were tinted first with a pure bright light, 
then followed a yellow mixed with azure, red, and 
green, which, with a coalition of bolder tints, and 
a reflection from the other balls, gave the most 
beautiful rotundity and.variation of color with 
which the human eye could be charmed. The 
hight of this fireball was reckoned at from seventy 
to ninéty miles, its diameter was estimated at 
nearly two miles, and its velocity at about 1000 
miles a minute. The same year, on the 4th of 
October, at forty-three minutes past six in the 
evening, another meteor appeared nearly of the 
same description, but much smaller and of shorter 
duration. It was first perceived to the northward 
as a stream of fire, like the common shooting stars, 
but large; and presently burst out into that in- 
tensely bright bluish flame, which is peculiar to 
such meteors. It was nearly globular, but left 
behind it a dusky red streak of fire. After mov- 
ing ten degrees in this state, it became suddenly 
extinct without any explosion. Its hight was es- 
timated at between forty and fifty miles. 

As to the physical causes which produce these 
extraordinary meteors, we are still ina great mea- 
sure ignorant. ‘The general opinion among phi- 
losophers is, that they owe their origin to the ope- 
ration of electricity. The velocity with which 
these meteors wing their flight—the electrical phe- 
nomena attending them, the lambent flames and 
sparks proceeding from them—their connection 
with the aurora borealis, on whose appearance lu- 
minous balls have been seen formed and darting 
about with great velocity—and their general mo- 
tions, which are constantly from or toward the 
north, or north-west — have been viewed as so 
many arguments corroborative of their electrical 
origin. Still it is difficult to account for all the 
phenomena exhibited by these bodies by electricity 
alone, since some of these bodies appeared to be 
of a denser and more compact structure than 
electricity could produce. 
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4. Shooting or falling stars.—These are.meteors 
which are frequently seen darting through the 
sky, in the form of stars, and most frequently ac- 
companied. with a train of light. The nature of 
these bodies has not yet been well ascertained, 
and philosophers have of late been disposed to 
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alter their former opinions respecting them. It ap- 
pears, from certain late. observations made at Bres- 
lau by Professor Brandes and his pupils, that the 
hight of some shooting stars is not less than five 
hundred miles, and that they move at the rate of 


‘eighteen miles in a second. A most extraordi- 


nary and wonderful display of the phenomena of | 
shooting stars has of late occurred in different 
places, particularly in America. On the evening 
of the 12th and the morning of the 13th Novem- 
ber, 1833, a shower of these meteors happened at 
Boston, New York, and.other places, and their 
number was considered to equal one-half of the 
flakes which fill the airin an ordinary fall of snow. 
It was calculated that, in some.places, they fell at 
the rate of 36,000 per hour, and the phenomena 
lasted more than seven hours. At Boston, the 
number of shooting-stars which were seen was 
estimated at two hundred and forty thousand. Si- 
milar phenomena, though not in such numbers, 
have appeared in various other places, and in the 
subsequent years, from the 12th to the 15th No- 
vember, and hence they have been denominated 
the November meteors. M. Arago, the French 
philosopher, is of opinion, that such extraordinary 
phenomena cannot well be accounted for, unless 
it be supposed that, beside the planetary bodies 
which revolve around the sun, there are myriads 
of smaller bodies, which only become visible at 
the moment when they come within our atmo- 
sphere and assume a meteoric appearance; and 
that they move in groups, and also singly. Dr 
Olmsted, of New Haven, who particularly inves- 
tigated the meteoric showers of 1833, deduces the 
following among other conclusions:—That the 
distance of the body whence they emanated was 
about 2238 miles—that they entered the earth’s 
atmosphere with a velocity of four miles per second 
—that some of the larger meteors must have been 
bodies of great size, not less than a mile in diame- 
ter—and, that they consisted of portions of a ne- 
bulous body which revolves around the sun, in 
one hundred and eighty-two days. 

We may learn from such phenomena that, if 
the universe were not under the superintendence 
of a wise and benevolent Being, or if the powers 
of nature were left to act at random, the world 
in which we live might be subjected to manifold 
disasters from unknown bodies and unseen causes, 
from which we have hitherto been protected. 

5. Parhelia, or mock suns.—-A parhelion is a 
meteor in the form of a very bright light appear- 
ing on one side of the sun, and resembling that 
luminary. They generally seem about the size 


of the true sun, not quite so bright, though some- 
times they are said to rival their parent luminary 
in splendor. When there is a number of them, 
they are not equal to each other in brightness, 
and externally they are tinged with colors like 
the rainbow. They differ in number and size; 


n breadth, which is that of the 
of the sun. Appearances of 
observed, both in ancient and 
in modern times, di, the Italian astronomer, 
relates, that in 1635 and 1636, he often saw one 
mock sun. Two were observed by M. de la Hire, 
in 1689, and the same number by Cassini, 1693; 
Mr. Grey, in 1700; Dr. Halley, in 1702; the Rev. 
Mr. Hamilton, in Dublin, in 1783; but the most 
remarkable appearances of this kind were seen at 
Rome by Scheiner; by Muschenbroeck, at Utrecht; 
and by Hevelius, at Sedan; by the former, four 
mock suns were observed, and by the latter seven, 

The phenomenon of these meteors observed by 
Scheiner, at Rome, is represented at figure 7, in 
which a is the place of the observer; 3, his ze- 


but they all agree 
apparent diamete 
this kind have b 
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nith; c, the true sun; a8, a plane passing through 
the observer’s eye, the true sun,and the zenith. | 


Fige%. 





About the sun, c, there appeared two concentric 
rings, not complete, but diversified with colors. 
The lesser of them,p mF, was fuller and more 
perfect; and though it was open from p to F, yet 
those ends were perpetually endeavoring to unite, 
and sometimes they did so. The outer of these 
rings was much fainter, so as to be scareely per- 
ceptible. It had, however, a variety of colors, but 
was very inconstant. The third circle was very 
large, and entirely white, passing through the 
middle of the sun, and everywhere parallel to the 
horizon. In the intersection of this circle, and 
the outward iris,@ K 1, there broke out two par- 
helia, Nn and x. The brightness of the middle of 
them was something like that of the sun, but to- 
ward the edges they were tinged with colors like 
the rainbow. The parhelion n was a little waver- 
ing, and sent out a spiked tail, Pp, of a color some- 
what fiery. The parhelia at x and m were not so | 
bright as the former, but were rounder and white, 
like the circle in which they were placed. The 
parhelion wdisappeared before x, and while m grew 
fainter, K grew brighter, and vanished the last of 
all. Parhelia have been visible for two, three, and 
four hours together, and in North America they 
are said to continue some days, and to be visible 
from sunrise to sunset. 

6. Thunder and lightning—These sublime and 
terrific phenomena are well known to every indi- 
vidual, and are occasionally displayed in every 
region of the globe. A thunder storm usually 
happens in calm weather, though sometimes it has 
been accompanied with furious winds. A dark 
cloud is observed to attract other clouds to it, by 
which it continually increases both in magnitude 
and apparent density; and when it has thus accu- 
mulated to a great size, its lower surface swells in 
particular parts toward the earth, and light flimsy 
clouds are sometimes seen fly u nder it, and con- 
tinually changing their ragged shape. During the 
time the cloud is thus forming, the heavens begin 
to darken apace, the whole mass sinks down, 
wind arises, and frequently shifts in squalls, flashes 
of lightning are seen to dart from one part of it 
to another, and often to illuminate the whole mass 
and the surrounding landscape. When the cloud 
has acquired a sufficient expansion, the lightning 
strikes the earth in two opposite points; its paths 
lying through the whole body of the cloud. Heavy 
rains, and sometimes hail showers, accompany 
these dire phenomena, until, after numerous suc- 
cessive discharges, the cloud rarefies and the storm 
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ceases. The scene of a thunder storm is gene- 
rally in the middle regions of the atmosphere; and 
it is not a frequent case that an electrical discharge 
is made into theearth. The lightning darts from 
one cloud into another, and when the clouds are 
high, there is no danger to persons or objects on 
the surface of the earth. But when the cloud is 
low, and within the striking distance of the earth, 
when the flashes appear to strike perpendicularly, 
and when only a second or two elapse betweén 
seeing the flash and hearing the report of the 
thunder, every object around may be considered 
as within the limits of danger; for then the 
lightning strikes into some parts of the earth, 
and every object in the line of its course is liable 


| to be injured. We may ascertain the distance of 


a thunder-cloud, by counting the number of se- 
conds or pulsations that intervene between seeing 
the lightning and hearing the first sound of the 
thunder, allowing about 1142 feet, or 380 yards 
for every.second. Thus, if two seconds intervene, 
the distance is 760 yards; if three seconds, 1140 


_yards, if four and a half seconds, 1710 yards, or 


nearly a mile,ete. During a thunder storm, the 
lightning sometimes assumes different forms. 
Sometimes it appears as balls of fire, moving with 
great velocity: this is the most dangerous species 
of lightning, and where they strike, corn-yards 
are set on fire, and sometimes flocks of sheep, 
herds of cattle, and human beings are instantly 
killed. Another form is that of zigzag light- 
ning, which most frequently accompanies thunder 
storms. Itis likewise destructive, but not to the 
same extent as the ball-lightning. The next spe- 
cies is the sheet-lightning, which appears in the 
form of a lambent flame, or a sudden illumination, 
without any determinate form. It is never known 
to do any injury. f 

As to the cause of thunder storms, it is now as- 
certained, beyond dispute, that lightning and elee- 
tricity are identical. This had/been long ago, 
surmised, after the attention of, philosophers had 
been directed to the subject of electricity. It was 
observed that lightning,in its course, took the 
best conductors of electricity, such as bell-wires, 
and gildings; that it burned, exploded, and des- 
troyed conducting substances, as electricity does; 
that it struck the most elevated objects, as trees 
and spires; that the crooked form of zigzag light- 
ning was similar to that of an electric spark; and 
that it affected the nervous system, and changed 
the polarity of the mariner’s needle, as electricity 
was found to do. This was, at last, put to the 
test of experiment by Dr. Franklin, by elevating 
during a thunder /storm, a kite, with a metallic 
point on the head of it, when he drew an electric 
spark from the cloud by means of a key, connected 
with the. wet string, which was connected with 
the kite. Nearly at the same time an experiment, 
somewhat similar, was performed by M. Dalibard, 
at Marly de Ville, about fifteen miles from Paris. 
These experiments were made in 1752, and since 
that period, lightning, and the electric matter, have 
been considered as the same; though there are 
still many phenomena connected with thunder 
storms of which we are ignorant. The grand 
practical use to which Dr. Franklin applied his 
discovery, was to secure buildings from being 
damaged or destroyed by lightning; which is ac- 
complished by fixing a pointed metallic rod higher 
than any part of the building, and communicat- 
ing with the earth. This wire the lightning will 
seize upon, in preference to any other part of the 
building, by which it is conducted to the earth 
without injuring the inhabitants. 

Mazims during a thunder-storm.—W ben in the 
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-open fields, avoid trees, but be near them—say at 
the distance of thirty or forty feet—as high ob> 
jects are more likely to be struck with lightning 
than those which are low. . When walking in the 
open air, avoid ponds, rivers, streamlets, and every 
mass of water; for water, being a conductor of 
electricity, might determine the lightning to the 
place we occupy. Do not avoid rain, as it is 
safer, in a thunder-storm, to be completely drench- 

-ed than: otherwise. When-in a house, person 
should avoid sitting near the fireplace, as it brings 
us in connection with the highest part of the 
building, and which contains such conducting 

_ substances, as the grate, the fender, and fire-irons. 
Bell-wires, mirrors, gildings, lusters, and other 
metallic substances, should also be avoided. The 
safest position isin the middle of a large room, 
ata distance from conducting substances, with 
our chair placed on a mattress. 

In the preceding pages, we have taken a cur- 
sory survey of the nature and properties of the 
atmosphere, and of the phenomena it frequently 
presents, and have noticed the evidences of Di-. 
vine wisdom and beneficence as displayed in the 
arrangements connected with this admirable ap- 
pendage to our globe. A devout contemplation 
of this subject is worthy of the serious attention 
of every rational and Christian mind; for all the 
works of God are intended to display to intelli- 
gent beings certain parts of the character and 
attributes of the Almighty, and to inspire us with 
love and gratitude for those merciful and benevo- 
lent arrangements by which our lives are pre- 
-served, and our happiness and comforts secured. 
The system of the material world, in all its varie- 
ties, may be considered as one of the revelations 
given by God to man, in order that we may trace, 
from his external operations, visible to every eye, 
something of the nature of that Almighty Being 
who at first brought all things into existence, and 
who, every moment, superintends all their move- 
ments. Hence we are informed, by an inspired 
writer, that the “invisible things of Him from 
the creation of the world are clearly seen, being 
understood by the things that are made, even his 
eternal power and Godhead.’’ 

Had man continued in primeval innocence, in 
the complete exercise of his moral and intellectual 
faculties, this would, perhaps, have been the only 
revelation of which hestood.in need. But, in his 
present fallen state, the investigation and study 
of the material world are not sufficient to lead 
him to the knowledge of the true God, and to 
guide him in the way that leads to immortal hap- 
piness. Hence it happened that even the wisest 
sages of antiquity, who were destitute of any 
other revelation, completely failed in attaining to 
Just conceptions of the Eternal Divinity, of the 
worship and homage he required; of the duties 
they ought to perform, and of their eternal desti- 
nation, ‘‘Professing themselves to be wise, they 
became fools, and changed the glory of the incor- 
ruptible God into an image made like to corrupti- 
ble man, and to birds, and to four-footed beasts, 
and creeping things.” 

The religion of nature is glaringly deficient: in 
directing us to correct views of the attributes of 
the true God, and particularly of the conceptions 
we ought to form of his moral character, as a 
Being possessed of strict and impartial justice and 
eternal rectitude, and whether he be disposed to 
the exercise of mercy and love. Hence, some of 
the ancient philosophers denied his existence, and 
others embraced the notion of a multiplicity of 
gous, celestial, aérial, terrestrial, and infernal; and 
the moral characters and actions attributed to such 














deities were distinguished for everything that was 
wicked, base, cruel, and licentious. The light of 
nature can afford us no certain and indubitable 
evidence of the immortality of the soul, a future 
state of eternal rewards and punishments, or of a 
future and glorious resurrection: for many oppo- 
site and discordant opinions prevailed on this sub- 
ject among those who were destitute ef Divine 
revelation; some of them absolutely denying the 
existence of such a state as a vulgar error; while 
others represented it as altogether uncertain, hay- 
ing no solid foundation for its support. The 
light of nature can convey no proper notion of a 
creative Power that could produce the universe 
out of nothing, nor of the time and manner in 
which the world was created and arranged. Hence, 
one sect of heathen philosophers held that the 
world was eternal; and another, that it was formed 
in its present admirable order by a fortuitous con- 
course of innumerable atoms. It can afford us 
no certain information respecting the origin of 
evil, and the cause of that depravity and misery, 
which exist among mankind; and, in short, it can 
point out no method by which those who have 
offended’ God may be certainly restored to his 
favor, and a reconciliation effected between God 
and man; so that his mercy may be exercised 
without the violation of his justice, and the par- 
don of sinners rendered consistent with the honor 
of his laws and the wisdom and equity of his 
government. From nature, therefore, there arises 
no sufficient comfort to sinners to warrant hopes 
of forgiveness; but, on the contrary, anxious and 
endless solicitude about the means of appeasing 
the Deity. Hence the various modes of ‘sacri- 
ficing, and the numberless superstitions which 
overspread the heathen world, but which were un- 
satisfactory to the wiser part of mankind, even in 
the times of pagan darkness and ignorance. 
While ignorant of the important and interest- 
ing truths now adverted to, we can enjoy no solid 
happiness in the present state, nor any cheering 
prospects in reference to a future and eternal 
world. But, on all these subjects, so interesting 
to every human being, the Christian revelation 
throws an effulgence of light and evidence, and 
affords every satisfaction to the anxious mind 
which it can desire. It has brought life and 
immortality to light,’ and shed a radiance over 
the mansions of the tomb, and the scenes of a 
future world; it has unraveled the origin of evil, 
and the causerof all those miseries and moral 
abominations which have prevailed in the world: 
and, above all, it has disclosed the gracious pur- 
poses of the God of mercy and love toward our 
fallen and apostate world, and opened the way by 
which sinners may be pardoned and restored tp 
the Divine favor, in full consistency with all the 
perfections of the Divinity, and the honors of his 
universal government. For thus runs the decla- 
ration of the Most High to all the children of men: 
“God so loved the world that he gave his only 
begotten Son, that whosoever believeth in him 
should not perish, but have everlasting life.” He 
sent his Son into our world, as a’ messenger of 
peace, “to bear the sin of many,” “to bring in 
everlasting righteousness,’ to make “ intercession 
for the transgressors,”’ to vindicate the honors of 
his broken law, to abolish death, and to open the 
way to the mansions of glory in the heavens, to 
men of all nations, kindreds, and languages, who 
receive the record he hath given of his Son, and 
submit to the method of salvation he hath devised. 
He hath set forth his Son {0 the world to be “a 
propitiation through faith in his blood, to declare 
his righteousness for the remission of sins, . . 
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that he might bo just and the justifier of him 
which believeth in Jesus.’ It is, therefore, “a 
faithful saying, and worthy of all acceptation, 
that Christ Jesus came into the world to save sin- 
ners,’ even the chief. And all who receive the 
salvation thus proffered, will consecrate themselves 
to his service, and, by the aid of the Holy Spirit, 
prosecute a course of obedience, “denying un- 
godliness and worldly lusts,”’ and living “soberly, 
righteously, and godly in the present world.” 
Every sin and violation of the Divine law will be 
carefully avoided; every holy disposition, every 
heavenly temper, and every Divine virtue and 
grace will be sedulously cultivated; love to God 
and man will pervade all the faculties of the soul, 
and be displayed in the general tenor of the con- 
duct; and, by pursuing such a course of action, 
the individual will be gradually prepared for the 
nobler contemplations and exercises of that higher 
sphere of existence, where there is “fullness of 
joy,’ and “where there are pleasures forever- 
more.” 

From what we have now stated, we may fairly 
conclude, that all our contemplations of the works 
of nature, and all our investigations of the sys- 
tem of the visible creation, ought to be conducted 
in connection with the views and discoveries un- 
folded by Divine revelation. The two revelations 
which God has made to us, when properly studied, 
will be found not only in perfect harmony, but to 
throw a mutual light on each other; so that what 
may appear deficient in one is supplied by the 
other. While we contemplate the manifestations 
of Divine power, wisdom, and goodness, in the 
arrangements and operations of nature, we per- 
ceive the same attributes illustrated in the records 
of revelation; and, in addition to these, we per- 
ceive what nature cannot teach us, that God is a 
Being of perfect-and eternal rectitude, of inviola- 
ble faithfulness, of boundless benevolence; ready 
to forgive, and rich in mercy to all who call upon 
him in truth:—a Being who fills immensity of 
space with his presence, who possesses the most 
intimate knowledge of all creatures and events 
throughout creation, and who superintends all the 
movements of the material universe. To what- 
ever scene of nature we direct our attention, we 
find sentiments in Scripture adequate to express 
every emotion of the soul ‘while engaged in such 
contemplations. Are we contemplating the im- 
mense number and variety of animated beings 
which people the earth, the waters, and the air, 
and the ample provision made for their accommo- 
dation and subsistence—where can we Sp en 

1age more appropriate to express our feelings 
face in these aor of the Psalmist, “O Lord, 
how manifold are thy works, in wisdom hast thou 
made them all: the earth is full of thy riches! 
So is this great and wide sea, wherein are things 
creeping innumerable, both small and great beasts. 
—These wait all upon thee; that thou mayst give 
them their meat in due seasons: That thou givest 
them—they gather; thou openest thy hand—they 
are filled with good.’ When we survey the 
structure of the human frame, and consider the 
vast number of bones, muscles, veins, arteries, 
lacteals, and other parts, all curiously combined, 
performing such a variety of functions, and all 
contributing to life and enjoyment—can we re- 
frain from adopting the expressive language of 
the Psalmist ? ‘I will praise thee; for I am fear- 
fully and wonderfully made: marvelous are thy 
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works !—how precious are thy thoughts unto me, 
O God! how great is the sum of them! If I 
should count them they are more in number than 
the sand.”” When we consider the amazing struc- 
ture of the heavens—the immense magnitude and 
number of the mighty orbs contained within the 
canopy of the sky—that: millions upon millions 
of suns and worlds stretching into the immensity 
of space far beyond the limits of our vision, or 
even of our imagination, form only a small por- 
tion of the universal empire of the Almighty; 
and when the mind is overwhelmed and lost, on 
the view of this stupendous scene—where shall 
we find language to express our emotions, more 
emphatic and appropriate, than in such passages 
as these? ‘Canst thou by searching find out 
God? Canst thou find out the Almighty unto per- 
fection? Great is our Lord and of great power: 
his understanding is infinite;—his greatness is 
unsearchable-—The heavens declare the glory of 
God; and the firmament showeth his handiwork. 
—All nations before him are as nothing; and 


.they are counted to him less than nothing, and 


vanity—who doeth great things past finding out; 
yea, and wonders without number.—Great and 
marvelous are thy works, Lord God Almighty! 
Who can utter the mighty acts of the Lord? 
Who can show forth all his praise ?” 

In short, the man who recognizes the truths of 
Divine revelation must feel a higher degree of 
pleasure and satisfaction in contemplating the 
scenes of creation, than the man who either dis- 
cards or overlooks the revelations contained in 
the sacred oracles. Toa man who is hastening 
to the grave, uncertain whether his intellectual 
powers and consciousness shall exist beyond the 
limits of the present state—of what avail is it that 
he has acquired a partial knowledge of some of 
the departments of the visible world, when all his 
knowledge shall be lost at the hour of dissolution, 
and no further prospect remains of his ever again 
resuming such studies and investigations, and of 
beholding the mysteries and wonders of the uni- 
verse more fully unfolded ? He may be filled with 
wonder at many of the astonishing processes 
going forward in the animal, vegetable, and mine- 
ral kingdoms; his mind may be overpowered with 
admiration and astonishment at the vast extent of 
the material universe, and at the myriads of worlds 
it contains, but he can entertain no hopes of seeing 
such wondrous scenes more fully unraveled and 
displayed in the light of immortality. But the 
Christian, who looks forward to the nobler em- 
ployments of a future world, may with certainty 
indulge in the hope that in the light of that world, 
the vail which now intercepts our view of the 
wonders of creation will be removed, and the 
glories of the Divinity, as displayed in all his 
works, more fully unfolded. For the inhabitants 
of that world are represented as celebrating the 
perfections of the Most High in such strains as 
these—“«Great and marvelous are thy works, 
Lord God Almighty !” evidently indicating that 
the vail is partially removed from the hidden 
scenes of creation, and their minds expanded to 
take in large and comprehensive surveys of the 
wonders of the universe, so as to perceive them 
to be “great and marvelous.” And again, they 
exclaim, “Thou art worthy, O Lord, to receive 
glory, and honor, and power; for thou hast created 
all things, and for thy pleasure they are and were 
created.’ 


END 
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H. 8. & J. A lalla 
BOOKSELLERS, 
PUBLISHERS OF STANDARD ‘WORKS, 


STATIONERS, & BLANK-BOOK MANUFACTURERS, 


CINCINNATI, 
“A good book is the best friend; the same to-day and forever.”” 


H. 8. & J. A., in addition to a large and varied assortment of School, Classical, 
Theological, and Miscellaneous Books, which they have constantly on hand, publish a 
series of valuable Standard Works, suitable for the ger circle, as well as public 
libraries. 

At this time, when the press teems so abundantly with ephemeral literature, the 
thinking mind experiences a need of more substantial aliment; of something which 
shall at the same time furnish not only enjoyment for the present, but for after thought; 
something on which the mind shall delight to ponder in its communings with itself; 
something, from the perusal of which one ean arise a wiser, if not a better man; and 
among their publications, they flatter themselves such books will be found. It is their 
aim to select such works, the intrinsic worth of which will cause them to be sought 
after by enlightened and discriminating minds, and as worthy of gracing the shelves 
of their libraries. : 

Among their publications may be found the following, to which they would respect- 
Fay invite attention. To these it is their intention to add the best works of the 

tandard Historical and other authors, and they trust that their selections will be 
such as to entitle them to a liberal share of the patronage of the book-buying public. 





ROLLIN’S ANCIENT HISTORY; 2 vols, royal 8vo, sheep—spring back. 
Illustrated with Maps and Portraits. The Ancient History of the Carthaginians, 
Assyrians, Babylonians, Medes, Persians, Grecians, and Macedonians, including a 
History of the Arts and Sciences of the Ancients; with a Life of the Author. 

This invaluable work has ever maintained the first rank of Standard Ancient History. This 


edition is in a very handsome Library Style, and at a price that will enable all to enrich their 
libraries with it. 
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“iL S. g¢ J. Applegate’s New Publications. — ~ 

COMPLETE WORKS OF- THOS. DICK, LL. Dy 2 vols, royal 8yo, sheep— 
spring back, marbled edges. [Illustrated with numerous Engravings and a Por- 
trait of the Author; comprising the following eleven works :— 

An Essay on tan Improvement or Socrery—Tan Purtosopny or A Furure Strate 
—Tue Parrosopny or Rerieton—Tue Mountab J1tumination AND Moran In- 
PROVEMENT OF Manxinp—Awn Essay ON gue Sin anv. Hvits or Coverousnzss— 
Tur Curistran Purrosopuer; on Scrence anv Reticion—CrrnsriaL Scensry— 
SrperraL Heavens, Pranets, &c.—Tue Practica, Astronomer—Tue So.ap 
System; rts Wonpers—Tue AtMospHERE AND ATMOSPHERICAL PuunomeENs, Ne. 


The works of Dr. Dick are so well known and appreciated, (being such as should be in the 
possession of every family and made the daily study of its members, old and young), that the attempt 
to praise them would be like gilding fine gold. " 

It has been the endeavor of the publishers to get up this edition in a style worthy of their merits 
aud they flatter themselves that they have succeeded in so doing, as to paper, typography, and binding 
of the work, neither of which can be surpassed at the East or West. é 








THE COMPLETE WORKS OF JOSEPHUS 3 1 vol., royal 8v0. The Writings 
of Josephus are among the most valuable publications. On account of their con- 
nection with sacred events, they are particularly interesting, not only to the ordinary 
reader of the Bible, but also to the student of History. 


No family, or reacer of History, should be without the Works of Josephus. In the publication 
of this edition, it has been our design so to combine cheapness and durability, as to bring it within 
the reach of every family. 


MACAULAW’S HISTORY OF ENGLAND: royal 8vo, library edition, The 


History of England, from the accession of James II. By Tuomas Bazineton 


Macautay. 2 vols, library edition. 

No history in the English language has ever before been sought after and read with greater avidity 
than the History of England by Macaulay, the first of living authors. It is indispensable for any 
one who wishes to possess a reputation for ordinary intelligence, to be in a degree familiar with Old 
England’s tumultuous, and we may say, glorious history! The distinguished reputation of Macaulay 
in the world of letters renders sn einniain of his works unnecessary. There are many 
reasons that render the present work one of peculiar interest to the American reader; not the least 


of which is the manner in which Penn, Washington, and others associated with the early history of 
our Continent, are spoken of. 


CHRISTIANITY, as exemplified in the Conduct of its Si cere Professors. 
By Rey. Wm. Sxcxer. 1 vol., 12 mo. 


We would recommend this book to the attention of Christians generally, as one replete with sterling 
thought, and an admirable help to self-examination, being full of illustrations, and well calculated to 
assist Christians in “ Redeeming the time,” and maturing their graces. * 
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THE YOUNG LADIES’ COMPANION. 1 Vol., 12mo. 


“This work is designed to occupy an important place in the Christian education of young ladies. 
It is a Companion, alike for the study, the boudoir, and the closet. The refinement and delicacy with 
which it touches on those minute details of female manners, so essential to the character of 
woman; its judicious suggestions upon the intellectual and practical parts of education; and, 
altogether, its healthy religious tone, commend it to those who desire to see in ‘the hands of the 
young females of our country a work at once attractive and instructive.?? 


LYONS’S ENGLISH GRAMMAR. 


This is a neat School Grammar, 


both teacher and pupil The science is forcibly illustrated by a great variety of examples and 
exercises, and the style is easy, flowing, and perspicuous. 
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